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PREFACE

Forty years ago, David Marine, one of the pioneers of mass prophylaxis
of endemic goutre, claimed that * Simple goitre is the easiest of all known
diseases 1o prevent It mav be exchuded from the hst of human discases
as soon as society deternunes to mahe the effor1 ™ Society has st not made
that effort, although notlung that has since been learned about endennc goitre
has cast doubt on the fundamental validity of Marine’s assertion  Public
health authorities in many countries have tended to underestmate the impor-
tance of endemic goitre as a threat 1o physical, social and economic well-
beng. they have lacked conviction regarding the safety and efficacy of pro-
phylactic measures, and they have been deterred by admimstrative and techmcal
difficulties

In 1950, the Third World Health Assembly, recogmzing the need to
stimulate action, recommended that the World Health Orgamzation should
undertahe a study of endemic goiire and encourage governments to imestigate
the problem wuhin their territories A study group on endemic goitre was
convened in 1952 and s report was published in a special issue of the WHO
Bulletn, which also included a number of original papers dealing with various
aspects of goitre control.

The scope of this first WHO publication on endenuc goitre was intentionally
Iinuted, s obsect being 10 mahe asalable a number of reports on studies
carried out 1n various paris of the world and not to offer a comprehensive
discussion of the problem of endemuc goutre control It was felt, however, that
WHO could render a useful service to public health workers, as well as to all
those engaged in the study of goitre, by inviting well-hnown goutre workers to
prepare reviews covering all aspects of the subject and collecting these together
in a single volume Plans were drawn up for such a monograph, but by the
date set for pubhcation, only six chapters had been received and important
gaps remawned As an interim measure, 1t was decided to publish these siv
chapters 1n a second special issue of the Bulleun (1958) and to defer publica-
tion of the monograph unnl add f contrib s had been obtained This
has now been done  The present monograph comprises the original six chapters,
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revised and brought up 1o date by their authors, together with six new chapters
covering the history, physiology, pathology and etiology of endenuc goitre,
experimental studies on gore, practicol aspects of endemic goitre control,
and legislanon on jodine prophviaxss

Professor W. J Darby of the Division of Nutrition, Vanderbilt University
School of Medieine, Nashville, Tennessee, US4, greatly assisted in drawing up
the plans for this monograph  Valuable techmcal assistance has been provided
by Dr F C. Kelly. Director of the Chilean lodine Educational Bureau, London,
through all stages in the preparation of the materinl, and helpful suggesnons
regarding one of the chapters have been recerved from Professor W', H. Sebreil,
Director of the Institute of Nutrinon Sciences, Columbia University, New
York. To them and 1o afl the contributors who have gractously devoted so
much of thewr tme to thrs undertaking the World Health Orgontzation reimains
decply wndebred

It 1s hoped that this monograph wifl not only serve as a work of reference
for all those mterested in the control of endemic goitre but will also encourage
the adoption of active measures in those countries where endemie goitre 1s @
considerable public health problem but has not yet received the attention it
deserves,



HISTORY OF GOITRE

P. LANGER *

Antient times

In the hght of present hnowledge of the ctiotogy of cadenue goitre,
would rot seem uareasonable to nfer that ths disorder may have been
present from time wl among the popul of vanous parts of
the world Indeed, 1t seems {y probable that 1he ctiolopenl agents
known to-day (iodine deficiency, nutritiona), hygienic, and climaue factors)
exercised the same miluence 1n the distant past as they do now

1t 15, however, next to impossible to sub this p
with any historical evidence, and consequently we must content ourselves
with what refe to gore—ofien very frag y—-we can find 1n the

earliest hiterary sources

One of the oldest references to goure 1s attnibuted to the legendary
Chanese emperor Shen-Nung (28382698 8 ¢.3, who, 1w tws book Pen-Ts'oo
Tstng (A treatise on herbs and roots) 1s sad 10 menton the seaweed Sar-
gassum as an efficactous remedy aganst goure 3 % However, there are
doubts about the very existence of Shen-Nung as an historical personahty
in the book fuang Ti Ner Ching, dating from the period 2697-2597 BC.,
two types of neck tumour are recognized: those caused by an “ accumulanon
of air ” (tumours proper?), and those brought about by an * accumulanon
of bload * (inflammatory swellings?) ! Goutre 15 ikewise mentioned i the
baok Shan Khat Tsing (A treatise on waters and dry lands), from the period
7170-220 B C, winch attnbutes the disease to the poor quality of the water,
angd further references are to be found in the biterary remains of the Han
dynasty (206 BC to AU 220) and the Wer dynasty {200-264 AD),
where, alotg with drinking-water, deep mental emohons and “certamn

di of fife in fegions “ are arrmgned as causes of
gaitre. The famous Chinese medical writer Ge-Khun, whe lived somewhere
between AD 317 and 419, described a mode of treatment for goitre con-
sisting of Sargassum weeds and the weed Lantnana japonica Aresch. The

¢ Endoctinofogical Instinute, Slovak Acadumy of Sciences, Bearislava, Crecharlovahia

I



10 P LANGER

anctent Chinese even used animal thyroid 1 the treatment of gostre: thus,
1n the book Shen Shi-Fan (420-501 A.D.) mention is made of the use of deer
thyroid for this purpose © Later Laminaria religiosa Aresch was used,
references to this seaweed dating back to the 12th century Amimal thyroid
also continued 1n use 1n China, and 1n the well-known herbal by the emi-
nent Chinese physician Li Shi-Chen (Ming dynasty, 1552-1578) entitled
Pen-Ts’ao Kang-Mu preparations of pig and deer thyroid are mentioned in
the treatment of gostre % We may well speculate about how much the Chinese
really knew of the function of the thyroid and its relationship to goitre,

References 1o the treatment of goitre with seaweed and even with animal
thyroid, both of which have now been established as contaiming iodine,
fend support to the assumption that the disease 1 question reaily was
goutre, for it may further be d that the r d of this
therapy by ancient authors was based on the purely empirical observation
that 1t was the most efficacious among a whole series of other modes of
treatment then 1n use. It would indeed be difficult to imagine how seaweed
and sponges could for thousands of years have entered as ingredients into
preparations of remedies against goitre had no favourable results ensued.

Ancient Hindu accounts of medical literature likewise contain references
to goitre  Incantations against goitre from the peniod around 2000 B C.
are found in the Atharva-Veda® Galaganda was the name given by the
early Hindu physicians Susruta and Charaka (about 500 B ¢.) to tumours
of the neck These tumours are generally considered to have been
goitres,'> 3% 38 although G 1d holds a ¢ opinion 1n spite of the
fact that the term galaganda 1s used to this day in India to denote goitre.®

Tumours of the neck were also known i ancient Egypt, where, according
to the Ebers papyrus (about 1500 B C), they were treated surgically M
Local applcations among other , salt from Lower
Egypt (sea salt?) were used 1n the treatment of these tumours It would
nevertheless be difficult to decide whether endemic goitre was known at
that time  According to Mettler, the operations reported (n the Ebers
papyrus mctude thyrowdectomy #t Wilke, on the other hand, states that
no goutres can be 1dentified, either on mummies or on ancient Egyptian
pamntings.” In this connexion, however, 1t has to be borne in mind that
not even the basic proportions of the body are correctly shown tn these
pamntings  Jantsch 3 notes that, according to Phiny,®! goitre was widespread
1n Africa, but this 1s obviously an error due to an inaccurate tnterpretation
of the ongmal text. Greenwald mamtains that goitre was unknown 1
Afnca at that peniod.??

From ancient times 1 Western Europe we possess a few accounts by
Roman authors that agree about the prevalence of endemic gostre 1 the
Alps  Thus, the poet Juvenal (Ist century AD ) asks: * Quis tumidum
guttur miratur 1 Alpibus? ™ (Who wonders at a swelling of the neck in
the Alps?)3* The architect Vitruvius (Ist century B.c.) writes:* Aequiculis
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in Ttaha ct 1n Alptbus nationi Medullorum est genus aquae, guam gui
bibunt afficiuntur turgidis gutturibus ™ (The Acqut in Italy and the Medulii
in the Alps have a Nind of water, from drinking which they pet a swelling
of the nech) ™ With a hittle imagination Ovid’s words * Quodque magis
mitum, sunt qQui non corpora tantum Verum ammos etsam valeant mutare
fiquores * (And what 1s more wonderful, there arc waters that have the
power to change not only the body but also the mind) might be inter-
preted as reflocting the poet’s impressions on seeing a cretin * Pliny, too,
1n the 1st century A.D touches upon the subject of goitre: * Guttur homim
tantum et sutbus intumescit, aquarum quac potantur plerumque vitio ™
(Swelling of the throat occurs only sn men and in swine, caused mostly
by the water they dnnk)® and n vanous places 1n his writings he hsts
whole series of remedies against gore.®  Ulpianus (2nd century AD )
wntes * Tumdo gutture praccipue laborant Alpium incolae, propter
aquarum qualitatem quibus utuntur ™ (The imhabitants of the Alps suffer
from a big neck, caused by the quality of the water they drink)3* Caesar
1s credited with having noted the occurrence of a big neck among the
Gauls as one of their peculianties 3. &
Warks of celebrated physicians of that period often contain descriptions
of neck tumours Nevertheless, the thyroid was not yet regarded as a
specific organ and was lumped together with the other neck glands. Goitre
was confused with other swellings of the neck (tuberculous glands, lym-
phadenitis, parotitis, etc.), whence the Greekh appellation * BpoyXaxndn ™
(bronchocele) and the very ssmifar expression 1n Latin * tumor guttuns ™ or
“ guttur tumtdum ”, which prevailed until the 17th, and to some extent even
until the 19th, century
In Hippocratic wntings (4th century BC.) one finds the cxpression
“ yoyypwy ™ ), which Amb Paré (1150-1590) interpreted to
mean goitre { De gongrona ou bronchocoele), and Littré (1840) also translated
as goitre.® Another Hippocratic expression ™ Xowpov " (chowron) was
taken to stand for gostre and was subsequently employed in this sense, for
instance by Paulus Aegina (7th century).®® * Bottum ™ 1s yet another term
sometimes encountered  Thus, Rogenius Salernitanus (12th century) wrote
De cura botn  The word struma was first used by Albrecht von Haller
(1708-1777) when he remarked that “ Strumis longe plerumque thyreoidam
glandulam vittan vulgo notum est™ (It is generally known that goitre s
mostly an affection of the thymnd gland}** These are but a few of the more
important exp to d gotre d 1n the hterature of
the past, and many more naturally exst n vanous languages
In the well-known Hippocratic treatise on Aw, water and places,
dnnking-water 15 regarded as a cause of goitre (choron)d  Celsus
(25 Bc-AD 45) described a tumour (bronchocele) of the neck situated
* between the skm and the larynx that 1s fleshy only, or may contam a sort
of honey-lik even g small bones and haws
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mixed together 7, and he recommended incision In jts treatment. ** He
was probably the first to attempt to make a distinction between the various
forms of tumours of the neck Galen (a.p 132-200) also described an
operation for goitre, and was even aware of the danger of damaging the
recurrent laryngeal nerve To the glands of the neck (and therefore to the
thyroid also), he ascribed the role of secreting a fluid into the larynx and
the pharynx

These views were accepted as late as the 17th and the 18th centurtes
{even after the discovery of the thyroid as a specific organ), by such phy-
sicians, for example, as Bartholin (1616-1680), Malpighi (1628-1694), and
Boerhaave {1668-1738) 2. 3. 6¢

We find, however, very little defimte information regarding endemtc
gotre 1n the medical works referred to above, or 1n other wnitings. A plau-
sible explanation for this 1s advanced by Hirsch, when he remarks that
physicians did not formerly gain their experience 1n localities where goitre
may have been widespread, and had 1n any case liitle interest in the diseases
of populations as a whole

References to goitre operattons are scattered through a great many other
works Thus Leonidas of Alexandpa (2nd century A D ), Aetius de Amida
(about A D 550)—who was personal physician to the Emperor Justintan I—
and after lim Paulus de Aegina (A D. 626-690), all knew about surgical
treatment They differentiated between cystic and sohd goitre, the former
bemng suntable for operation, but not the latter because of the copious
bleeding Medical treatment was also used Galen (AD 132-200) and
after him Onbasius (A D 325-403) both knew of the favourable effects of
burnt sea sponge  Acttus de Amida recommended repeated washing of the
neck with sea water, or local applications containng sea salt

The Middle Ages

In the Middle Ages Rogerius Salernitanus (Chirurgra Rogern, 1170), of
the Salerno school, Gilbertus Anglicus of the Montpellier school (Com-
pendum medicinae, 1240), and Bruno dr Longoburgo, a professor at Padua
(Chirurgia magna, 1252), all described surgical operations for goitre ¥
Their works show that all of these eminent teachers knew goitre as such
and had come nto contact with it in the course of their medical practice.

The medical treatment recommended by the ancients for goitre had not
been forgotten. Rogerius Salermitanus advised an electuary containing
13 ingredients, among them the ashes of burnt sea sponge # The use of
sea sponge persisted in the literature up to the 19th century. Gabnele
Fallopto (1523-1562) obtained successes even with 4-6 spoonfuls of sea
water, taken daily over a prolonged period.* In the Middle Ages goitre
was treated 10 the Alps with preparations concocted from the hypocotyledon
of Alptne violets growing 1n @ massise knot 7 The resemblance between
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certain tumours on plants and goitre was bult into a superstitious beliel
in Northern Bohemua that goitre affected those who ate gall-nuts * There are
a great many of these popular superstitions and customs and it is not
possible to deal with them all here, In Baherma and Germany, for example,
st was held that goitre was the result of strenuous work or of frequent fits
of coughing, and that it occurred in women afier a particularly difficult
labour—whence arose the custom of tying a lace round the neck of a
woman n labour ® A farrly widespread belief in Europe was that goitre
1s brought on by the cffects of the moon. In Ecuadoritused to be customary
to rub goitres with saliva at the time of the new moon 3

Dunng the Middle Ages the most advanced thinkers on medicat subjects
were the Arabs  One of their greatest surgeons, Albucasis (10th century)

iated between 1 and acquired goitre  Of these only the

latter, n his opimion, was fit for surgery, and then only if 1t was not too
large 13, 38, &3

Endemuc goitre was sporadically mentioned. Guy de Chauliac (born
AD. 1300) wrote * Botium aegntudo regionalis et heredtana apud
multos rep " {Gontre [botium] 1s frequently idered to be a local
and hereditary disease), and Lafranchi (died A D 1306) considered hard
water, especially that found in the Alpine region and in Lombardy, to be
the cause of gortre  Arnold de Villanova (1235-1312) left a very interesting
piece of advice for those suffering from gotre, viz, that they mugrate to
another region if less than 25 years of age. He also deseribed goitre in the
Lucca province Later, Valescus de Tharanta mentioned goitre as occurnng
in the province of Foix 3.3 We may also note that Marco Polo, on his
travels across Asia in the 13th century, observed goitre 1n Yarkand

Reports of the existence of goitre on the Amernican continent prior to the
arnval of Europeans have tecently given rise to controversies, Léon ¢
and Lastres ® take the expression coto or ccorfo, used by the natives
before the time of Colombus, as evidence that goitre did exist 1n parts of
South America at that period Greenwald, on the other hand, maintains
that goitre did not appear 1n that region before the 17th or 18th centu-
nes, 1% 227 5 ding to his inter ion the word cofo ongmally
meant “ heap ™ or * bunch *, and was only later applied to mumps or goitre

‘The Renaissance and after

Paracelsus (1493-1541) not only described goitre, but also, 1 his tract
De generatione stultorum, attnibuted the disease to a deficiency of minerals
mdnnking-water

A vivid description of endemuc gorre and cretimism appears i the
treatise Praxeos medicae, by Felix Platter (1536-1614) of Basle * Where-
fore.” he wrote, * the disease 1s frequent 1n certains regions, in the beginning
they write of Egypt, and in Valesia Canton Brems, as indeed I have seen 1t
myself, and in the Cannthia valley called Bintzgerthal many infants are
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wont to be afflicted: who besides their innate simple-mindedness, the head
1s now and then misformed, the tongue immense and tumud, dumb, a struma
often at the throat, they show a deformed appearance and seated in solemn
stateliness, staring, and a stick resting between their hands, their bodies
twisted variously, thetr eyes wide apart, they show immoderate langhter
and wonder at unknown things.”® The Zurich chronicler Josias Stmmler
(1530-1576) deseribed cretins 1n the canton of Valais, Switzerland, and
another Swiss chronicler, Johannes Stumpf (1500-1558) recorded the inci-
dence of goitre 1n the Grisons at Trimmus, Untervaz, Zizers and Igis. The
Dutch physician Pieter van Foreest (died 1597) noted that there were many
cretins 1n the province of Valtellina, 5 12 on the Italian side of the Swiss
border In 1601 Joh J a Prague physician, mentioned the
occurrence of goitre 1n various regions (i1 Bohemia?), and added the
strange comment that people considered goitre as a form of adornment.®”
In 1736 Gmelin published accounts of goitre occurnng m the Lena river
basin in Russia 3 In Poland, too, descriptions of goitre attributed to the
poor quality of dninking-water appeared 1n 1757 42 In the 18th century a
remarkable description of endemic cretimism was given by the naturalist
H de Saussure of Geneva, who had observed the condition on his Alpine
travels and attnbuted 1t to the elevation above sea level and to the quahty
of the air. Other noteworthy accounts were given by Malacarne (1778) and
Ackermann (1790), who wisited cretins 1n their dwellings and ascribed the
disorder to advanced stages of rickets Fodéré (1796) recorded cretimsm 1n
Savoy and 1n the Aosta valley, but rejected rickets as a cause ¥ Endemic
goitre was known 1n Derbyshire, England, 1n the first half of the 18th century
under the name of ** Derbyshire neck ™ 18

The number of written reports on goitre has multiplied enormously, so
that 1t 1s not possible to mention them all It must, however, be assumed
that 1f physicians and even faymen in the past described goitre or any other
tumours of the neck, the swellings must certainly have been strikingly
conspicuous, arresting the attention at first sight. Goitres of the first or
even the second degree, as usually classified to-day,” probably passed
unnoticed, even by physicians, whose interest then lay almost exclusively 1n
curative practice. Perhaps even to-day there are some medical men who
do not consider as goitres thyroid enlargements that are hardly perceptible
1o the eye when the neck 15 not extended, and refuse to admt that these
growths are caused by the same etiological factors as cause large gottres
and have the same pathophysiological effects, though perhaps in a somewhat

dified degree. Overwhelming y from all parts of the world shows,
however, that these small gortres are by far the most frequent, and there are
regions where massive goitres are relatively rare  But even medium-sized

" Thus transtation 15 quoted from Magor, R H (1939} Classic descriptions of disease, 2nd ed , Springfield,

Thomas
¥ Sec the chapters Patholatical anatony of endemic goitre on page 315 and Technique of endemic golice
survess on page 369 of (his monograph
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goitres, such as occur relatively frequently, may well escape notice in the
normal course of everyday life.

In some regions, it 1s only when the women remove the head searf that
they wear knotted under their chin and undo the collar of their dress that
the goitre 1s exposed and the full extent of the endemic becomes apparent
Even in our own day, such examunattons have revealed a steiking frequency
of gortre 1n regions hitherto considered free from this discase, and no doubt
a similar frequency would have been no less discoverable by these means in
the past, especially 1n temperate and cold chimates. Nor can we ignore the
efforts, often ious, of individuals affected with p goitres to tude
them from sight, for the deformity attracts notice, brings—and always has
brought—mockery upon the unfortunate sufferer, and may at times induce
him to shun the company of his fellows. This 1s especially true of cretins,
Cases are known—exceptional, 1t 1s true, yet none the less dramatic—of
cretins living 1n stables among farm animals.

These circumstances must be taken into account when interpreting older
reports on goitre. Moreover, goitre has never been a killer among diseases,
and this 200 would go to explain why ancient authors devoted less attenuion
to 1t than to other discases It 1s probable that none of them considered
goutre of the first or even the second degree as a discase, especially if 1t
presented no clinical symptoms. Quite the contrary, indeed such goitres,
we believe, were regarded as normal, particularly in women But there 1s
one most serious obstacle in the way of a correct interpretation of earher
works on goitre, and that 1s, and no doubt will continue to be, the confusion

made between goutre, tuberculous glands, parotitis and other conditrons 1n
the neck.

To fill the gaps left by the lack of Iiterary references we mught invoke
the help of the creative arts, notably painting It 1s well known that many
cminent painters painted their female models almost exclusively with a
swelling of the lower part of the neck that appears to us to be goitre of the
first or second degree A study of goitre 1n 16th century art was made by
Hunziger,* and De Josselin de Jong ? referred to the appearance of goitre
in pictures by van Eyck, Lucas van Leyden, Rubens and Riemenschnerder
Rolleston likewsse detected goitre in pantings by Weyden, Durer, and
Rubens % We are of the opinion, however, that only the first stzps have so
far been taken to evaluate this nch material  There are cases where a study
of ancient works of art may reveal unexpected details, as, for instance, the
finding of a picture of a cretin 1n an old psalter.® On the other hand, 1t 1s
often difficult to decide whether the swelling depicted 1s to be attributed to
endemic goitre or toxic ad and op differ regard
terpretation,

Onginal, and m themselves very interesting, views, supported by histon-
cal studies on the prevalence of goitre in various parts of the world 18 8,
have recently been expressed by Greenwald, who arrives at the conclusion

g the correct
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that goitre 1n many countrtes 15 only of recent date His studies show that
the history of goitre 1n some lands resembles the pattern seen in infectious
diseases He postulates an infectious agent for gortre which, he claims, was
present approximately 2000 years ago m the Alps, and only m the Alps,
whence 1t slowly made 1ts way into the rest of Western Europe and other
parts of the world (Amertca, Africa, New Zealand, the Phulippines, Ceylon,
etc ), s view being that goitre spread 1n these regions only after the arrival

of Europ In many s first was marked by severe
outbreaks, after which 1t became less active  The disease resembles leprosy
i that it 1s not, in ordinary readily ble but

generally requires prolonged exposure. According to Greenwald, the older
reports on swellings of the neck 1n various countries for the most part
describe tuberculous glands or parotitis, and some of the earlier accounts
are not reliable enough for an opimon to be hazarded. He admits the
occurrence 1 1solated cases of enlargement of the thyroid, but such instances
are not to be confused with endemic gortre  As far as Greenwald’s theortes
are concerned, 1t 1s pertinent to observe that not even the best of historical
studyes will ever provide a solution to these problems, and that the infection
theory will have to be corroborated by biological methods

Anatomy and physiology of the thyroid

In following advances in knowledge of the anatomy and physiology
of the thyrod through the Renasssance pertod, we find a whole series of
new concepts springing up  Probably the fitst person to describe the thyrod
was Andreas Vesals (1514-1564) It consists, he said, of * two glands
(glandulas ad laryngis radicem adnatas) one on each side of the root of the
larynx, which are large, fungus-like, flesh-coloured, and covered with
numerous vessels The purpose of these glands . . . 1s to morsten the lumen
of the trachea ™ 5! The first to differentiate the thyroid from the other organs
of the neck, however, was Realdus Colombus (1516-1559), who noted
that. “Duae aliae glandulae haerent laryngi asperaeque arteriae, quae
femtms surt quam vins crassiores, hnc laryngis pars prominentior in
paucis mulieribus conspicuor est, nam ab earum glandularum crassiie
occupatur et sub ea habitat ” (Two other glands are attached to the larynx
and the rough artery [trachea] and these are larger 1n women than in men,
mn few women, therefore, 1s the protruding part of the larynx more con-
spicuous since it 15 rounded out by the thickness of these glands and situated
beneath them).®® h (1520-1574) d red the isthmus of the
thyroid. Casserto (1561-1616) constdered the tityroid to be one organ mz?de
up of two parts without any excretory duct. Great credit for ascertaining
the anatomical sife, size, and weight of the thyroid 15 due to Wharton
{1614-1673) whose work Adenographia sive glandularum totius corpons
descriptio (Adenography or a description of the glands of the emire boiy)
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(London, 1656), contans this description of the gland - = 1t contributes
much 1o the rotundity and beavty of the necl, filhng up the vacant spaces
sound the farynx, and matang its protuberant parts aimost to subside and
become smooth, particulardy n females, to whom for this reason a larger
gland has been assigned, which renders their necks more even and beauti-
ful "2 This extract gives the impression that the author was used to sceing
goitres of the first degree in women, and considered them as normal

In spite of the fact that anatormically the thyrowd was fairly well differen-
tiated, its function was far from bemg understood. For the most part sts
rdle, with the other nech glands, was supposed 10 be 10 humidify the walls
of the farynx, the pharynx and the trachea, At enc time 1t was even con-
considered, by J Vercellont, 1711, and Heuster, 1717, to be a receptacle for
worms.**

Schreger (1768-1833) was the first to notice the spectal blood supply of
the thyrond, whuch he surmised 10 be a vascular shunt cushioning the bram
against a sudden increase in blood flow  Even the anatomist ierbert
Luschha (1820-1874) still considered the thyrod to be an clastic cushion
protecting the laryny, trachea, blood-vessels and nerves of the neek against
direct muscular pressure 2 Merkel (1857), and prior to him Boerhmave
and Martn, had taught the view that the thyrowd strengthens the Iarynx and
modulates the soice ® Towards the end of the [8th century, however,
Albrecht von Haller (1708-1778) had classified the 1thyroid, the thymus, and
the spleen as ductless glands secreting a speaial fluid into the bloodstream,
and De Bordeu (1776) put forward a theory on mternal secretion to the effect
that cvery pland, and sumifarly every organ in the body, produces speaific
secretions, which enter the bloodstream ard bring about the integration
of the entire orgamsm * But the real function of the thyroid remaned
tudden until the last decade of the 19th century

Beuide these scientific views flounshed a host of non-seientific sheses,

faliacies, and poputar superstitions and customs  In the Middle Ages goutre
had been regarded as being a vistation of God, and 1t 15 so seen for instance
in some tegends of the Sth to the 7th centuries 2 Later, the behef spread that
gortre conld be cured by the touch of the monarch In France, Clovis Lis smd
1o have cured the disease m this manner, and Henry IV, according to his
personal physician Andté Dutaurens (1550-1601),% caused 1500 gaitres to
regress by touching the patients and using the formula * Le rot te touche
et Dien te guent ™ Many English sovereigns practised a stnular custom
and between 1662 and 1682, Charles 1 15 alleged to have * touched * 9200
sufferers from the * King’s Evil  or scrofula, with which pottre was often
confused > On 20 March 1710, according to newspapar reporsts of the
ume, Queen Anne aguin tevived the ancient custom of cunng goitre by
the wnposition of hands.3 This healing power was supposed 1o be shared
by every seventh son of a family,” and 1t was also thought to reside m the
touch of 2 corpse’s hand, a supersition known even to Pliny.
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Towards the end of the 18th and the beginning of the 19th centuries,
knowledge about the thyrord made great advances, owing to the efforts of
anatomists, physiotogists, and chinicians.  Studies on endemic cretinism
showed that goitre may have been associated with more serious disturb-
ances of this kind, even though the decper relationships between goitre and
cretimism were as yet unknown

Caleb Hillier Parry (1755-1822) was the earlicst to describe exo-
phthalmic gortre, which he first observed m 1786 (the account was published
three years after tis death 1n Unpublished medical writings).%. ¢ In 1835
Robert James Graves (1797-1853) published, 1n the London Medical and
Surgical Journal a report of newly observed thyroid affections 1n women,
associated with heart palpitations and, 1n one case, with exophthalmos

Tt1s claimed that the first man to connect exophthalmos with goitre
was the great Persian physician, Sayyid Ismail Al-Jurjans {(about the year
AD 1136)% In 1722 the ophthaimologst Charles Saint-Yves (1667-
1736) described 3 cases of exophthalmos accompanied by cardiac pain and
slight goitre, but he failed to see any relationship between these symptoms
Some authors think that similar cases had been described earhier by
Morgagm (1682-1771), Wiseman (1628-1676), and others In 1802 Giuseppe
Flajam desctibed two cases of goitre with palpitation of the heart, Carlvon
Basedow (1799-1854) reported a case of exophthalmic goitre in 1840, and
drew attention to three main symptoms. goitre, exophthalmos, and tachy-
cardia, and Charcot 1n 1863 pointed out a fourth one, tremor In 1886
Moebius set forth the thyrogenous theory of exophthalmic goitre in these
words “ Graves® disease IS an intoxication of the organism resulting from
disturbed thyrord activity ”. The first metabolic studies in patients with
exophthalmic gostre were made by Friedrich Muller 1n 1893 and two years
later Magnus<Levy showed an increased metabohc rate in these patients
This brief histoncal review of the development of knowledge of thyroid
hyperfunction shows that our basic concepts are much less than a hundred
years old

Knowledge of thyroid hypofunction—myxoedema, a term introduced
by W M Ord in 1878—1s of even more recent date, in spite of the claim
that Wolfgang Hoefer described 1t as early as 1657.97 The first clear and
correct description of myxoedema was given in 1873 by William Withey
Gull (1816-1890) as * A cretinord state supervening 1n adult Iife 1n women .68
Not only the physicians, but some surgeons also recogmzed the existence
of hypothyroidism, foremost among them being Theodor Kocher (1814-
1917), J. L. Reverdin (1842-1929), and hs cousin A. Reverdin (1849-1908),

Some of the expenimental work that preceded these concepts deserves
mention A P Cooper 1n 1836 carnied out thyroidectomy in puppies,
and Jater observed the dulling of the faculties 1t caused. Wilhelm Rapp
noted certain thyroprival symptoms but ascribed them to operational trauma.
Montz Schiff (1823-1896) was the first systematically to carry out total
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thyroidectomy (in 1856-57) on various animals, the majonty of which later
perished. In 1884 he repeated these experiments, and found that death
could be f d by intra-abdominal 1 of the gland.® These
and a host of other expenments showed that the thyroid plays an essential
role 1 the orgamsm  Nevertheless, there were some who categorically
denied any function to the thyroid (Munk, 1887; Drobnick, 1888; Arthaud
and Magon, 1891), and attributed deficiency phenomena to the injury of
adjacent organs, especially the nerves.s However, the decisive factor 1n
the final apprassal of the significance of the thyroid came from the work
of surgeons, In 1883, at a congress of German surgeons in Berlin, Kocher
reported the changes following total thyroidectomy, the overall picture
of which he termed cachexia strumi He buted this d
directly and with absolute certainty to total extirpation of the thyroid, an
operation which, from then on, he rejected completely He stressed the
close relationship between cachexia and cretinism, and saw in the loss or
imparrment of thyroid function a cause common to both The differences
between the conditions, he felt, ke in the fact that cretimsm 1s congenital
and bhereditary. In September 1882, before the Geneva Medical Socrety,
J. L Reverdin described his 14 cases of thyroidectomy and, a few months
before Kocher, laid stress on the consequences that supervened 2-3 months
after the operation He ashed whether some unknown function of the
thyroid that had been excised did not enter into play, and from then on
decided to discontinue the practice of total extirpation  He recollected
that in one case he had removed one lobe only and the 11! effects had fatled
to appear. In Apnl-May 1883, in the Revue médicale de la Suisse Romande
te noted that the changes he had found to follow thyroudectomy were
identical with the myxoedema of English authors, and termed them
“myxeddme opératorre *. The long drawn out polemic between Kocher
and Reverdin as to who had prionity 1n these observations was recently
summarnzed (1951) in detail by Bornhauser.®

‘The 19th and 20th centuries

The 19th century witnessed substantal progress in biological and
medical research, supported more and more by objective and precise
methods The number of reports on endemic gontre grew rapidly and great
interest was shown in ascertaining the actual prevalence of goitre and
cretinism 1n various regions. The first of these epidemuological studies
was, 1n all probability, dictated by military needs; this was when Napoleon
ordered a systematic investigation of goitre because of the large numbers
of young men from certain regicns who were rejected by recrutting boards
as unfit for mihitary duties He might have been prompted to this step by
the viid impresston made on fum by the populations stricken by cretinism
which he saw at the time of is march into Italy through the Valais 3
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Towards the end of the 18th and the begmning of the 19th centuries,
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Moebrus set forth the thy theory of gortre in these
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exophthalmic goitre were made by Friedrich Muller in 1893 and two years
Jater Magnus-Levy showed an increased metabolic rate 1 these patients.
Thts brief historical review of the development of knowledge of thyroid
hyperfunction shows that our basic concepts are much less than a hundred
years old

Knowledge of thyroid hypofunction—myxoedema, a term introduced
by W. M. Ord in 1878—1s of even more recent date, 1 spite of the clawn
that Wolfgang Hoefer descibed it as early as 1657 7 The first clear and
correct description of myxoedema was gven in 1873 by Wilham Withey
Gutl (1816-1890) as “ A creunond state supervening in adult life 1n women ™%
Not only the physicians, but some surgeons also recognized the exsstence
of hypothyroidism, foremost among them bemg Theodor Kocher (1814-

1917), J. L Reverdin (1842-1929), and tus cousin A. Reverdin (1849-1908)

Some of the experimental work that preceded these concepts deserves
mention A P Cooper in 1836 carried out thyrordectomy in puppres,
and later observed the dulling of the faculties it caused Wdhelm Rapp
noted certatn thyraprival symptoms but ascribed them to operational trauma.
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thus theary was Roussingautt who, i 1831, drew attention to the sigmficance
of al sott 1n the Cordill of New Grenada (now Colombua)®
Further studics 1 % sppgested that the gotrogenie action of the hmestone
was duc more to the magnestsm than to the calcium salts The part played
by munerals in the production of goitre s sult unsettled, but expenmental
work by Heltwig® and others has shown that, under ecriain conditions,
caloium can exert 1 gutrogemc action

A relationship between sodine and gostre scems to have been suspected
saon after Courtats ssolated this clement 1o 1811 from ashes of the scanced
Fueeus vosiculosus 3 By 1816, rodine had atready been used m the treatment
of gore by Prowst,# and n 1820 Cowndet (1774-1848}) independently
1 ded 1odine ¢ for this purpose  He was prompted to
make this suggestion through tus discovery that Fucus veszculosus had been
used by Richard Russelt (1700-1771) n England for the trestment of gostre
and that 1n 1819 10dine had also been found by Andrew Fyfe {1795-1891)
10 sea sponges, long famed as 3 goitre remedy  He suspected that sodine
was the active substance wt both cases  On 25 July 1820, he gave a lecture
to the Swass Society of Naturaf Saienices 1 Geneva, i which he descnibed
the pathological anatamy of goitre, stressed that the thyrowd was ar organ
sut generis, albert of unknown function, and reported the first results of
wdine therapy © Saon, howeser, the use of 1odine m the treatment of goitre
met with marked opposiion because of s tovie side-effects {eacheva,
cardiac upsets, disturbed menses, subacute and evea chroaie mtoucation)
Coindet fard emphasis on correct dosage, for he himself noticed no untoward
effects w ks 150 patients, whom he kept on low doses  He mterrupted
medscation at the very first sipn of intowication, and later adopted an nter-
muttent form of therapy  Jean-Louss Prevost (1790-1850), however, found
that with Coindet’s regime certam 11 effects stil appeared, in spite of every
care, and fie concerved the wdea of a steady reduction 1in dosage At the
same time, he observed that amounts as fow as 09-20 mg produced a
noticeable effect on goutre, from which he deduced that gottre mught be
caused by a deficiency of todine or bromine in water and that prophylactic
doses of these elements might help prevent s onset. In 18446, together with
the ftatian, A C Maffom, he put forward for the fisst time the theory that
endemic goitre 18 due to todine deficiency 5

The odization of salt as a method of preventing gontre was first suggested
by Boussingault 11 1833 (as descnibed by Kelly & Snedden on page 43 wm
therr chapter on the Prevalence and geographical disiribution of endemsc
goutre} In 1849, Grange, 1 a letter addressed to the French Academy of
Sciences, recommended the rodizanon of kitchen salt m the rao 1 10000 17
Duning the next two years, the French chemest Chatin published a series of
papers desoribing the results of systematic sodine determunations on aur,
watef, gails, and anmat and vegetable foods from vartous locahties 1n
France On the basis of hus findsngs, he was able to dvvde these localities into




20 P LANGER

in 1845, a special commussion was appointed by King Carlo Alberto
of Sardimia to study the extent of goitre throughout tis Kingdom (the
provinces of Savoy, Nice, Piedmont, Genoa and the isiand of Sardinia)
and recommend means of combating 1t % A sumilar commussion was set
up 1n 1864 by the French Government Ten years later this commission
submatted 1ts report, m which 1t was recorded that 370 403 persons in
France above the age of 20 had goitre, and that 1n addition there were
approximately 120000 cretins and idots (the total population of France
at that ttme was around 36 million) At this period, government depart-
ments in several countries began to show interest in the prevalence of gotre
and cretmism  Statistical reports, based chiefly on conscription records,
appeared In 1881, for example, Sormani published the results of the
examnation of over Z millon recruits carried out between 1863 and 1876,
out of whom 42 863, 1 ¢, 209° had been declared unfit because of gortre.32
Thus, the widespread character of end goitre became evident  Neverthe-
less, all the writings from this peniod are charactenized by the lack of a
umform criterion for the evaluation of goitre (this still holds true today
1n spite of the great progress that has been achieved) Differences between
the findings of various observers were considerable, and 1t was practically

ble to make studies without running the nisk of reachung
paradoxical conclusions Moreover, most of the studies, being based on
milisary statistics, included only males, who are much less affected by
goitre than females

During the last 50 years, hundreds of epxd. ) 1 studies on
gottre have been carried out n all parts of thz world, and attempts have
been made to correfate prevalence with geophysical and geoch2mical
features, as well as with various other environmental factors These studies
are reviewed country by country by Kelly and Snedden in the chapter
Prevalence and geographical distribution of endenuc gotre (pages 27-233),
and no attempt will be made to summarize them here

Realization of the world-wide character of endemic goitre and of its
public health importance focused attention on its etiology and on methods
of mass prophylaxis As early as 1867, Saint-Lager ¢ had histed 43 duifferent
views on the causes of goitre, expressed by 378 authors. Nineteen of these
views attribute the disease to vanous propetties of water, to its ongin, or
to deficiency or excess of certmin mmemls 11 10 properties of the atmos-
phere ( lack of h
or electrieity, ete ), 6 to faulty nutrition, powcny and wsanitary living
conditions; and the remaimng 7 to sundry other causes, such as alcoholism
and consanguinity 1n marriage.

The view that gontre 1s caused by drninking certun kinds of water had
been widely heid since ancient times, as has already been mentioned It
was gencrally thought that a high content of certain minerals, particularly
calcium safts, was the factor principally volved. A strong adsocate of

4
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Present-day practice in the prophylavis of gostre s based on the teachings
of David Marine, who in 1915 declarcd that * endemic goitre is the casiest
Lnown discase 10 present ™. In the same year, Hunziger proposed that
goitre prophylaxis with 1odized salt be carried out in Switzerland.

The first large-scale trals with 10dine were carned out in {916-1920 by
Marine and Kimball in Akron, Ohio, USA, when they gave to about 5000
schooigurls, aged between §1 and [8, a daily dose of 0 2 g of sodium 10dide
s water for 10 days cach spnng and autumn (4 g of sodium iodide per
year).$t. #%. & The results of these trials demonstrated conclusively the pro-
phylacuic value of 10dine and the absence of side-cfects, despite the rela-
tively tugh deses, Mass prophylaxis with 10dized salt was first attempted in
Michigan sn 1924 In five years, the goitre rate fell from 38 6% to 9°;;
no toxe effects at alt were obserned  Nevertheless, the fear of Jod-Base-
dow and other side-effects has lingered on and continued to hamper the
introduction of iodized salt on a community scale in other areas  Thus,
the US Department of Agnculture Bureau of Chemistry 1nsisted on every
container of iodized salt being marked with a skull and cross-bones because
10dine was considered to be a poison It was also feared by some surgeons
that the use of 1odized salt would bring an epidemic of exophthalmic
goitre 10 is tran.  Many families refused, on vanous grounds, 10 use
iodized salt, and an attempt to enforce its use by federal legislation failed.

In spite of these difficulties, the consumption of 1odized salt gradually
increased 1in the USA, and dunng the 1920°s the 10dization of salt began
to be practised also in Switzerland and m the Valtellina province of Italy;
Canada, the Netherlands, New Zealand, Poland and certamn pans of
Germany followed a little later, and, more recently, 10d1zed salt has also
come 1nto use in some states of Central and South America

Further details of the early tnals with 10dized salt and of the adminis-
irative and legal problems encountered will be found in Kumbal  and in
the chapters speaifically devoted to these questions in this monograph
(sce pages 386, 404, 411 and 443)

In concluding this ustorieal survey—which makes no clamm to bemng

a comprehensive study of the subject—it should be pointed out that to
date no senious objection has been raised aguinst 1odsne prophylacs although
the umiversal and absofute validity of the 10dine-deficiency theory has often
been questioned Today, we possess an abundance of reports from all
parts of the world on the favourable effects of 10dine prophylaxis, and
if this method were universally adopted. 1t would appear possible at least
to achieve a great reduction in endemic gotre 1n the world, 1f not to eradicate
it completely This requires, however, concentration of effort and a long-
term, co-ordinated foliow-up of the effects of prophylactic treatment
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four zones, in which the incidence of goitre was inversely proportional to
the 10dine content of the environment  As a protection against goitre, he
recommended the supply of foodstuffs from non-gostrous regions, the
drinking of wine and pure, running water, the consumption of good food
of ammal onigin, and finally the use of 1odized salt. Chatin’s work was
repeated scveral times, but with varying results  This 1s not surprising
view of the extraordinary difficultres involved m the micro-determination
of the 10dine content of natural Some Investi (e.g,
Nadler, 1861) considered Chatin’s results to be faulty because they them-
selves failed to detect rodine in the atmosphere, 1t water, or in foodstuils.t
A tnibunal appointed by the French Academy of Sctences reported unfayour-
ably and Chatin’s findings fell into oblivion

Thus far, there had been no real experimental evidence to connect
10dine with thyroid bol but, 1n 1895, B d d that
the thyrotd contains a surpnisingly large amount of todine and succeeded
1n 1solating from the thyroid a substance which he called * thyrotodine ™,
contairing 10% of todine. When used m physiological experiments, this
substance brought about the same effect as thyroid 1tself.* Oswald pursued
the study of the chemical composition of the active substances of the
thyroid and 1solated thyroglobulin in 1899, and Kendall 1n 1919 1solated
crystalline thyroxine,® which C R Harington later (1926) prepared m
synthetic form #  These studies were decisive i showing 1odine to be
an essential component of thyrord hormone and paved the way for a renewed
interest m 10dine therapy and prophylaxis,

The more recent work on the euology, pathological anatomy and phy-
siology of end goitre 1s d here 1 this h and
will not, therefore, be considered here  Attention 1s particularly drrected,
however, to the proneer studies of McCarrison 1n India on the goitro-
genic action of polluted water (see pages 157 and 364) and to those
of Astwood, Clements, Greer and others on gottrogens i the diet, especially
in vegetables of the Brassica genus (see pages 66, 194, 281 and 359) A
review of the history of cretism and a discussion of its relationship to
endemtc goitre will be found tn the chapter by Clements (page 245)

Mass prophy laxis of endenuc gotre

d knowledge of the hical distrabution of endemic goitre
and of its frequency and intensity in various regions, together with a deeper
understanding of thyroid function and the causation of some of 1ts disorders,
has led to a full realization of the social sigmificance of goitre and of its
mmpact on the health of the community. Although the recommenda-
tions made n the last century by Boussingault, Grange, Chatin and others
for preventing goitre by the use of iodized salt were largely ignored, the
concept of mass prophylaxis by administering minute doses of iodine has
steadily gained acceptance duning the last forty years
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PREVALENCE AND GEOGRAPHICAL
DISTRIBUTION OF ENDEMIC GOITRE

F C. KELLY, BS¢, PhD, FRIC* &
W. W. SNEDDEN, M A, BSc. PhD.*

Goutre, as this suney shows in detad, occurs with svarying intensity in
almost every countey, few countries appear 1o be enurely free fromn, The
disease has been obsersed in the far north, i the tropics, and in the far
south: ¢ occurs quite independently of climate, season or weather  More-
over, 1 1ts intidence goitre makes no distinction of race, nanonality, colour,
creed or class; the North Amencan, the European, the Chinese, the Hima-
fayan Indian, the Turkoman, and the peoples of Centsal and South Amernica
afl suffer from 1t under certain conditions—some severely, some moderately,
some byt muldly

Without doubt the most notorious gostre centres of the world are
tocated i high mountain regrons—in Alpine valleys, i the Pyrences, on
the stopes of the Himalayas, and along the Cordillera of the Andes But
gottre 15 also known to oceur with considerable intensity in comparatively
low-Iying areas and even at sea level; for example, 1t 15 seen around the
Great Lakes basin between Canada and the USA, i the plains of Lombardy,
m the we-excortated parts of Finland, and in the low-lying Netherlands
Seven retsef maps * showing the distribution of endemic gotre in different
areas of the world will be found n the appropriate sections of the text
{Fig 1-7) These maps indicate only where goitre has been found but not
the sevenity of the enderme,

Stud of 1odme y have a ready explanation for these
diverse phenomena  They say that the types of terrain m which goitre 15
for the most part found, be they at high alttude or low, are just those
which have been subjected either to flooding ar to intense glaciaton and
from which most of the soil 10dme has beer washed out and carned through
the rivers to the sea. Dunng the last Ice Age, earhier sorls were swept sway

* Chtean Tadine Educatanat Burean, Londen, England
@ These maps have boen kiadly prepared by Mr C Duttos, Netrate Cotporation of Chle Liruted
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In India, there are said to be about 9 000000 goitre sufferers; and in the
USA, the number of men rejected for military service on account of goitre
was no less in the Second World War than in the First—namely, five in
every thousand examined. 1t 15 said #° that 1 000 000 working men in the
USA have hypothyrowdism unbehnown to them or thewr physicians
These and other similar facts are marshalled country by country in the
following pages. The survey is divided snto two parts, the first covering
the Americas and Europe, and the second, Africa, Asia and Oceania,

THE AMERICAS
North America
Canada, Umited States of Amenca, Mexico
Central America

temal d El Salvadory W
Domimican Republic

South America

Colombua; Venezuela: Ecuador; Peru; Bolivia, Chite, Argentina, Paraguay, Uruguay,
Branil

gua; Costa Rica, Panama, Cuba,

EUROPE
Northern Europe

fceland, Finjand, Sweden, Norway, Denmark, Estonian SSR, Latvian SSR and
Luhuanian SSR, Netherlands

Eastern Europe

Poland, USSR (exsluding Estoman SSR., Latwian SSRand Lithuaman SSR), Romana,
Bulgana, Yugosfaua, Albana, Greece

Central and szuthern Euvrope

Austnia, Hungary, Czech » Germany, Switzerland, Italy, Sicily and Sardinia,
Malta, Spain, Portugal

Western Enrope
Belgium, England and Wales, Scotland, Northern Ireland, Ireland, France

AFRICA
North-nest and West Afnica

Algena, Morocco; Madeira and Canary Tdands, Freeh West Afnca, Gambia,
Sierra Leone, Libena, Ghana, Niger, Brush Camerocons, Cameroun, French
Equatorial Africa, Angola
North-east and East Africa

Egypt, Sudan; Ethiopia and Entrea, Bntsh Somaliland, Uganda, Tanganyika
Central aud Sauth Africa

Belgian Congo and Ruanda-Urunds, the Rhodesias, Umion of South Afrca, Caprivi
Stnp, South-West Afnca; 4, § B a

Madagascar *
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and new soil-making matertals were generated by the grindag-up of virgin
crystalline rock containing, at the most, one-tenth the average iodine
content of mature agricultural sols  As the 1ce cover receded, replenishment
of the iodie 1 glacial and postglacial soil matertals began—a process
which 1s stll 1n progress The ttme since the start of this replemishment,
that 15, the ime since the disappearance of the great inland rce-sheets, js
estrmated ta be 180600 to 20 000 years for the central and northern parts
of Scandinavia and the northernmost part of North Amertca, and corre-
spondingly longer for the southern parts of the glaciated areas of Europe
and North Amernica  This accords with the fact that the frequency distribu-
tion of goitre tn North America and n a number of countries 1n Europe,
Asia and Australasta shows a close correlanon with the areas and extent of
quaternary glaciation where soils have not yet been sufficiently saturated
with postglacial air-borne oceanic 1odine (see Geochenustry of lodine %)
The number of goitrous people in the world 1s not known, but if the
tatist Jable for some may be taken as a gwde, the tota] 1s
probably not far short of 200 million. Although the geographical distuibu-
tion of gortre has not apparently altered in the last hundred years, the
intensity of the disease has substantially dechined n certain countries—
particularly those which have enjoyed rising standards of ving and an
enlightened outlook on public health The endemtcs in Switzerland, the
USA and New Zealand, for example, have been largely elrminated within
the past thirty-five years through the prophylactic use of rodized salt
Nevertheless, there are many countries where the prevalence of gosire
18 still exceedingly high and a matter of serious public concern, and many
others where the people live so near the erttical level of 1odine take that
whenever the slender resources of the thyroid gland are abnormally taxed,
as, for example, during the nutritional privations of war, epidemic outbreaks
of gontre result. Statistics for the year 1952 show that in eight states of
Mexico there were over 2 mullion goitrous people out of a totat population
of about 10 muliton, 1n El Salvador, 329 000 people out of 1856 000 arce
affected, Pinotti ™ estimates that there are 11 500 000 cases of gouire in
Brazil; 1n Finland, 2000 operative cases annually out of a population
of 3 5 milllon account for 30000 days of hospnial attendance; m Sweden
there are said to be 300000 people with goitre in a total popuiation of
7 mullion, Matovinovié ¥ estimates that some ! 400000 persons suffer
from the discase in Yugoslavia; Hungary has a goitre population of
500 000; % and in Italy, Cerletts ™ reckons that no less than 5 milion
persons are affected, that 1s, rather more than 10%; of the total populatian,
In England and Wales, 1n 1944, there were estimated to be some 500 000
cases of thyroid enlargement mn schoolchildren and young adults, %* and
Taylor  has pointed out that the loss sustamned by England, Wales and
Scotland through failure to 10dize salt must be immense f calculated in
terms of demands made on the medicat services and Joss of working time
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ASIA
Eastern Mediterranean

Turkey, Lebanon, Israel, Iran
Central Asia

Afghamistan, Pakistan, Kashmur, Nepal, Trbet, India; Assam, Ceylon
Far East

Burma, Thadand, Indo-China (Cambodia, Lacs and Viet Nam), Malaya, Indonesia;
Sarawak, North Borneo, Chima, Korea, Tawan, Japan, Philippine Islands

OCEANIA
Australasiz

New Gurnea, Australa and Tasmania, New Zealand
Pacific Ocean
Fuy Islands, Tonga (Friendly Islands), Cook Islands, Hawauan islands

The occurrence of endemic goitre has been recorded in all the above
countries So far as can be ascertained there 1s no published information
relating to countries not pamed above

Among those who have previously dealt comprehensively with the
geographical distribution and preval of end: goitre on a
tal or world scale are  Hirsch,® Sasnt-Lager,?® Bircher,? Clemow,! McCarri-
son,® Eggenberger,® De Quervain & Wegelm,® Pfluger,’' McClendon,’®
Greenwald,” the Chilean lodine Educational Bureau, London,® and the
Oficina Ed onal del Yodo, §: Chile.2

PART I-THE AMERICAS AND EUROPE

North America
Canada

Proceeding through Canada from west to east, centres of gortre are first
ed 1n Brittsh Columbia Some 50 or 60 miles # from Vancouver,
going inland from the head of Howe Sound, the disease 1s found in the
Pemberton valley and in the area watered by the Lillooet and Birkenhead
rivers. An interesting account of this district has been given by Kenh®
who relates that fifty years ago European settlers in Pemberton Meadows
suffered so severely from goitre, both in themselves and among therr cattle,
pigs and horses, that they almost dectded to leave the valley. Writing in
1949, MacDermot # records that owing to the admunistratton of supple-
mentary iodine 1n food and dninking-water, Pemberton Meadows is now
a healthy and thriving commurty

afemle=t6im
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Stonewall, both in the Winnipeg area, 859 of the children were sufferers
The Indian School at Waugh, in the cxtreme east of the province, was free
from goitre These particulars are taken from the publications of Hamilton
& McRae ¥ and of Abbott !* Evidence of iodine deficiency among people
in Winnipeg has also been noted by Edward.

The land areas surrounding the five Great Lakes lying across southern
Ontario and the states of Wisconsin, Michigan, Ohio, Pennsylvama and
New York 1n the north-castern United States have long been recogmzed as
notoriously goitrous  Goitre literature abounds in references to the disease
in this area, in both amimals and man. Edward ¥ observed 1t in the Japanese
Prisoners of War Camp at Angler on the north shore of Lake Superior.

Sixty years ago, Springle ¥ and Adami!* recorded goitre, or * grosse
gorge ", as common throughout the Laurentian mountams of Quebec

Ily in the tes of Terret Berthier, and St Maurice. The
disease was also frequent in the lower-lying country around Montreat at
such places as Vaudrew! and Beauharnois More recently, Greenwald
{personal communication to WHO, 1958) has eypressed the opinon that
gontre is probably stll common in the Montreal area and along the
St. Lawrence to at least ::ghty miles below Quebee. In a nutrition survey
of the Indian people int g the ps sur ding James Bay-~thi
southern extenston of Hudson Bay—undertaken by lhc National Com-
mittec on Community Health, small goitres were found m §3% of 728
subjects examined The majonty were in young women (Vivian et al %)
Since 1945 all salt sold through the Hudson's Bay Posts has been sodized
Canada, as a whole, adopted compulsory iodization of table salt in 1949.3

In the Province of Newfoundland, goitre was observed but once only
among 868 unselected people from St. John's and five outports, who were

d for clinical bioch dence of abnormalities due to defective
nutntion {(Adamson et al.*s). The fact lhal consumptwn of fish 1s high
no doubt for jodine suffi in N

United States of America

Although 1n recent times goitre has been largely overcome through the
mereasing use of 1odized salt, the disease 1s still recognized as a serious
regional health problem in the USA  Starr #° reported in 1958 that among
4500 men in industry in southern Califorma 7% had thyroid deficiency.
Projecting these findings, he estimates that one millton working men 1n the
USA have hypothyroidism unbeknown to them or their physicians

Considered 1n broad outhine, and geographically from east to west, the
goitre centres of the USA are found throughout the whole length of the
Appalachian range, 1n all states bordening on the Great Lakes, westward
through North Dakota, and 1nto the far western states of Montana, Idaho,
Utah, Oregon and Washii where the incid: is particularly heavy.

3
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The coastal valley of Beila Coola, 270 mules north-west of Vancouver,
15 also pecultarly sensitive to the disease. Other areas of considerable
prevalence m British Columbta lie to the east and porth-east of Vancouver.
These are the valley of the Lower Fraser river, the town of Kamloops,
around Lake Okanapan at Keremeos, Penticton and Vernon, and thence
northwards, including such places as Armstrong, Enderby and Salmon
Arm  Farther east. goitre occurs in the neighbourhood of the Arrow Lakes
and in the valleys towards the Selkirk Mountamns, To the north there are
centres i the Canboo Mountains, at the town of Prince George, and all
along the Grand Trunk Pactfic Rmlway as far as Edmanton it Alberta.

In Alberta, Walker * has seen a great deal of goitre 1 2 strip of territory
running due south from Edmonton to the northern border of the United
States Places affected are Ledue, Wetaskiwin, Lacombe, Eckville, Red
Deer, Big Valley, Olds, Didsbury, Calgary, High River, Champion and
Cardston It 1s also prevalent m the southern districts inigated by the South
Saskaichewan river from Lethbridge and Taber through Medicine Hat to
Gull Lake

Another part of Alberta where goitre 1s fartly common ltes to the north-
west of Edmonton mn the area drained by the upper waters of the Peace
and Athabaska rivers, and including such centres as Sexsmith, Peace River
and Barrhead An early account of goitre in this general area ts given by
D John Richardson,?* surgeon and screntist on Frankhin’s famous expedi-
tion to the polar seas 1n the north-west of Canada between 1819 and 1822.
* At Edmonton ", he notes, * the disorder attacks those only who drnk
the water of the niver The inhat of Rocky M House, sixty
mules nearer the source of the river, are more severely affected than those
at Edmonton, but at Carlton House, a considerable distance below Edmon-
ton, the disease 1s known only by name ™ Other wrters who refer to former
and more recent occurrences of goitre around Edmonton and n the basins
drained by the two branches of the Saskatchewan niver are 28
Hector,® and T H Whitelaw (personal communication to F J Shep-
herd 23)

In Saskatchewan there are of goitre at Sask A ding
to Binning,** ** a prevalence among schoolchidren of 12.3% in 1934 has
been greatly reduced by the admimstration of todine 1n various forms
Goutre 15 also found fasther south, 1n the country immediately surrounding
the town of Regzina  Other centres are at Qu'Appelle, between Regina and
Indian Head, at Bethure, Govan, Raymore, Cupar and Jtuna, north of
Regina, and 1 a strip of country runming from Shaunaven castward to
Weyburn (Jackes *)

Goitre studies of schoolchiidren have been made at widcly separated
places tn Mamitoba At Dauphine, 1n the west of the province, 747; of the
chiidren were affected  In the south, 21% of children at Morden had gotre.
At Winnipeg the goitre rate was 50%, and in the towns of Birds Hill and
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considerable extent in the coast towns of Orcgon, exemplifying the fact that
proximity 10 the sea does not necessarily guarantee freedom from the
disease. Darby and tus colleagues 3 found almost no goitre among the
Navajo Indians scattered throughout the and fands of north-castern
Anzona

The gotre situation 1n the Middle West—particufarfy in Ohio and Michs-
gan—has greatly improved 1 recent years owing to the introduction of
1odized salt and the official encouragement guen to its use. Brush &
Altland ¥ have reviewed the results of thirty years of goitre prevention with
1odized salt 1n this area  Their survey carned out in four Michigan counties
1n 1951 showed a gotre rate of 14% 1n 53 785 students, compared with a
rate of 38 655 1n 65 537 students from the same counties examined 1n 1924
Simularly, in Ohio the problem of enlarged thyroid 1s not nearly so acute as
it was 35 years ago A survey of 22402 chuldren n four Ghio counties,
completed 1n the spning of 1954 (Hamwi ), showed only 405°] with
enlarged thyroids. This compares with a prevalence of 32 3% among
21 580 children examuned in the same countics 1n 1925,

Some 1dea of the sigaficance of goutre 1 the USA may also be pained
from the medical records of regi for military service
during the Second World War  Referring to the occurrence of thyrod
disease among 13 million men examined up to January 1944, Rowntree 3
says that dunng p all doubtful cases were ¢ d
with the result that the rate was 5 per 1000, but, as manpower for the fighung
forces became scarcer, only the more cutstanding chimical pictures were
labelled actual disease—a fact which resulted 1n a recorded rate of 06
per 1000 Hyperthyrodism, in both war and peace, was more frequent than
hypothyroidism, he adds

Details of the US Public Health Service invesugations quoted abosve are
taken from Olesen 2 53 Other authonties consulted are Adolph & Pro-
chaska (Nebraska),® Altland & Brush {Michigan),* Cavanagh (Washing-
ton),® Daft (Michigan & Ohi10),3* Darby (Navajo Reserve),® Foote (lower
San Joaqun Valley, Califfornia),®* George & Flory (lower Rio Grande
Valley, Texas),¥ Greenwald (West Virginia),® Greenwald (Ohio & West
Virgimia),® Grollman & Gryte {western North Carolina),®* Hamw et al
(Ohuo),** # Hull (Colorado),*® Johnson (Kentucky),** Jordan & Canuteson
{Kansas),# Kenyon, Kelly & Macy (Great Lakes),®® Kimball (Chio &
Michigan),*? Mahorner (southern states),® Mahorner & Barrow {Deep
South),* Manne (Oh10),% Muller (Great Lakes)," Pennington (Kentucky),’*
Phillips {Texas),’s Phillips (south-western Virgima),® Richards (Utah),5”
Rowntree (recruits),® Starr (southern Calforma)

Mexico

In the upper basm of the Rio Grande del Norte begins a great Central
and South Amencan zone of goitre comparable with the vast endemics
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Except for isolated pockets of hugh d in Kansas—espectally where
1t borders on Missourn—and n the New Orleans district of Louisiana, the
great central plains are comparatively goitre-free, as also are the states on
the Atlantic seaboard and the southern states of Misstssippr, Alabama,
Georgra and Florida

The first rehable index of the over-all prevalence of goitre 1n the USA
resulted from the examinatton of 2 510 701 men drafted for mulitary seevice
dunng the Frrst World War  Nearly 12000 men had stmple gottre and
31%, of these were rejected because their necks were so large that the collar
of the military tunic could not be buttoned around them. The frequency
of the disease was greatest among recruits from the States of Washington,
Oregon, Montana and Idaho in the north-west and from the region of the
Great Lakes It was least in men drafted from the southern and Atlantic
coast states and most frequently seen i those of Scandinavian onigin

Later, between the years 1923 and 1929, systematic goitre surveys of
elementary schoolchildren were made m vartous states by the US Publc
Health Service  The results revealed a general distributton very much the
same as that shown by the earlier mtlitary survey, except that whereas the
examination of drafted men disclosed the highest ncidence 1n the states
of the Pacific North-West, the surveys of the Public Health Service indicated
the greatest incrdence to be i certan areas of the Middle West, that is, in
Ohio, Indiana, Hlinots, Mschigan, Towa, Wisconstn and Minnesota—states
grouped around the Great Lakes

Goutre rates 1n these areas were found to be igh. For example, i the
town of Cmcinnati (Ohio), 26% of the boys and 409 of the girls were
classed as having simple thyroid enlargement In the State of Minnesota
the endemic was even more severe, 413 of boys and 70% of girls from
13 different locahties showing evidence of thyroid enlargement  Conditic -
1n Michigan and Wisconsin were no better, rates of 40%, 60%, 70% and
even 100% were reported among boys and girls from certain localities in
these states

Throughout the eastern states, although some moderately high per-
centages are recorded by the Public Health Service, there 1s on the whole
much less gortre than there 1s around the Great Lakes and in the Far West
The State of Connecticut gave rates of 7% in boys and 29 in girls, and
Massachusetts 99 tn boys and 22% 1n girls There 1s almost no goitre in
ternitories east of the Blue Ridge Mountains Indeed, South Carolina is
famed for the fact that her friuts and vegetables have a high iodine content
and that, 1n goitre d there 1s neghgibk

As regards the Far West, statistics collected by the Pubhc Health
Service 1n the State of Colorado revealed thyroid enlargement in 25% of
boys and 30% of girls  Utah s a notoriously goitrous state, very high rates
bemng found in the locality of Salt Lake City. In Oregon, thyroid enlarge-
ment prevailed in 22% of boys and 389 of girls Goitre 1s endemic to 2
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More recent experience in Mexico * confirms the existence of very high
goitre rates 1n certan provinces and has proved the prophylactic reliability
of salt iodized with 10date instead of 1odide. Stacpoole 3 8 has devised a
new salt-odizng plant, capable of producing 5 tons per hour, expressly
designed to serve local requirements in severely endermc areas. In fus
description of this process he gives an account of some of the difficulties
encountered with producers and purveyors of salt during the installation
and :nitial operation of the machine at Pinotepa Nacional, Jamiltepec, in
the province of Oaxaca, where 1n some localitics goitre affects 80 94-909, of
the population

Historical aspects of goitre in Mexico and Central Amenca are dealt
with by Greenwald.®t

Central America

Since the establishment of the Institute of Nutrition of Central America
and Panama (INCAP) 1n 1949, extensive surveys have been made to deter-
mine the prevalence of endemuc goitre i Central America. As a result,
it has been shown that the dlscasc |s a serious public health problem

m G 12, Hond El §; , N Costa Rica and
Panama €5, 86, 67

Guatemala

A survey made in 1938 by Herrera ™ confirmed earlier findings by
Guerrero (1908) and by Diaz (1918) that gortre 1s a sentous condition 1n
Guatemala, affecting 50 % of the people in some localittes Dr Herrera estab-
Lished seven goitrous zones nvolving 16 departments: (1) Chimaltenango,
Sacatepéquez, Solold, the northern part of Escumntla and Suchitepéquez,
and the southern part of Quiché as far as Totonicapén and Quezaltenango,
(2) El Progreso and the south-west part of Zacapa, (3) the north-west part
of Juttapa and part of Jalapa, (4) the north-west of Quezaltenango and
San Marcos; (5) the south of Huchuetenango; (6) the north-west of Hue-
huetenango, (7) the north-west of Santa Rosa The Department of El
Progreso showed the highest prevalence

The most modern statistics are those compiled by Mahorner ™ and by
Scrimshaw and his co-workers in INCAP 7. 75, 78 They have found an over-
all prcvalcnce of 385% in the Departments of Guatemala, Escuintla,

Ch go and S; & some regtons of which showed rates
varying between 605 and 749 Imcrested also 1n the hmory of gmlre,
Borhegyi & Scrimshaw . ¢ have di from

and other sources pomting to the fact that goitre existed in Guatemala

hundreds 1f not thousands of years before the conquest of the country by
the Spamards 1n 1524,
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of the Alps and Himalayas It extends through Mexico and the Central
American Republics into Colombia and Vi 1a, along the Cordill
of the Andes through Ecuador and Peru as far as Chile and western
Argentina

According to Stacpoole,®? the greatest goire authority in Mexico,
endemic centres are found in all Mexican states bordenng the Pacific
except lower Califorma  Goutre also affects the mid-central and southern
parts of the country The north-central gulf- t of T lipas and the
Caribbean regions of Campeche, Yucatan and Quintana Roo are practically
exempt Most of the goitre centres are situated 1n the mountarmns, but there
are stretches along the Pacific coast where the disease 1s also to be found.

Up to the end of 1952, Stacpoole and two coll had d more
than one mithon children and adults n eight mid-central states, with a
total poputatton of over 10 mithon  The results of the survey (see Table 1)

TABLE | PREVALENCE OF GOITRE IN EIGHT STATES OF MEXICO

} sue I N
! “ ]

, Distato federal 3309367 [ 165 458 5

| Puebla 1691950 ‘] 405,068 2
Michoacsn ! 1470837 i 35359 2

I Merica 1483689 i 425838 2

l Guercero 952037 | 261811 2
Hidalge 81521 303282 3

, Morelas | 2119 135 651 %
Tiaxcala 5’ 290 5902 ( 108972 g a7

i

} Total 10311 104 t 2192505 ‘ 20

indicate that in these eight states there are more than two million people
afflicted with goitre, that is, a rate of about 209} for the whole area

The survey covered 3756 towns and villages within 858 townships
Rates of more than 809, were common tn many places and 1n some com-
muntties upwards of 90% of the population were found to be gortrous.

According to law, all municipalttres in which more than 20% of the
population are affected by goitre are obliged to use iodized salt exclusively,
and energetic measures are being taken to overcome the administrative
difficultics that prevent enforcement of the faw  Sinee 1950 pmphy!axis
by means of jodized sweets has been carried out among 50 000 children in
45 schoals wn the Federal District and in 80 schools in the State of Morelos.
The result has besn an average drop of 163 in goitre prevalence among
children in these schools
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goitrous people out of a total population of 1 856 000 (Cabezas, Pineda &
Scerimshaw )

Nicaragua

An cxamination of 2427 children carnied out 1n 1954 under the auspices
of INCAP gave the results shown in Table I (N. § Scnimshaw-—personat
commumcation, 1954).

TABLE 1| CASES OF GOITRE AMONG CHILDREN IN NICARAGUA

Thomber ot Namber | Peccentage |
: owet g ah g |
‘ ——— — -
Ceraza I santa Teresa . 187 ! & ! st |
. Diriamba 23 ! “ 197 |
N hatege . am s 130
. Masaa l\} Nindirt w oo ) . m2
“ Masaya ) £ 13
Mansgua San Rataet de) Sur | 1" €2 , 530 !
- [ ! 5 2 51
N ‘, Las Maderas ” 2 P )
[ ' Montelimar a | [t E- t
) - ‘ Managua } 457 ! ) 214 {
[N | Tiotape E 1 29
| Matagalpa | Matagatea L " T
i | C Dario .ot 1 4
| Total .oz | sso ' ns

These statisties indicate an average goitre rate of 22 6%, In the districts
of Santa Teresa (Carazo) and San Rafael del Sur (Managua) the rate
exceeds 50%

Costa Rica

Goitre statistics for Costa Rica are few, but they are sufficiently disquret-
mg to justify the official introd: of p Garcia ®
found a rate of 10 6%, among male pattents in a mentat hospital. He also
refers to a series of 1000 autopsies 1n which 45 goitres were noted  In-
vestigations 1n the canton of Puriscal by Urcuyo 8 revealed 27 cases of

thyroid abnormality among 1000 people examined ; 6 of these cases were
n men and 21 1 women
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Nodular goitres are common ta the highlands of Guatemala, by con-
trast, nodular goitres are m E! Salvador. Deaf-mut and
1diocy are frequently found tn assoctation with rodine deficiency in the
highly endemuc areas of Guatemala These sequela¢ were not observed
in El Salvador Wrnting of conditions n Guatemala as he encountered
them 1n 1950, Kimball * says ™1 have never seen such degeneration;
feeblemindedness and deafmutism were very frequent ™

Energetic official actton 1s being taken to combat goitre 1n Guatemala
by means of iodized salt Both 1odate and 10dide in doses of equivalent
1odine content have been tested and found equally effective. Expertments
on Guatemalan children reported by Scrimshaw and his colleagues ™ 77
show that after 32 weeks of treatment the gortre rate was reduced from 51
to 16 %, with 10date, and from 60°, to 23°, with 1odide

Honduras

In common with most other Central Amertcan countries the over-all
prevalence of goitre n Honduras 1s high  As part of the INCAP goitre
survey, Bomas and Scrimshaw 78.7% exammed a total of 12292 school-
children and 352 adults, comprising nearly 1% of the population 1n ail
15 departments, and found that nearly one-fourth (22.6%) of these people
had pathologically enlarged thyroid glands Shghtly less than 149 of the
gottres were readily visible with the head n normal position and fewer
than 13] had discrete nodules The highest rates occur in the Ajuterique
and Lejamam: distructs of the Department of Comayagua (73% and 745
respectively) and in the La Venta area of Morazin Department (64%)."

El Salvador

Goutre 1s endemic 1n all 14 departments of El Salvador.®® Durtng 1952
nearly 35000 schoolchildren of all ages from public and pnivate schools
1n urban and rural areas were examned by a gortre survey team under the
auspices of INCAP. Glands were not constdered enlarged unless they were
defimtely four to five imes the “ normaf ™ size .54

Of 8000 children examuned in the capital (San Salvador) only 113
were found to have thyrotds more than four to five tmes the normal size
Among the 26 400 children examined n the remainder of the country the
average rate was 22,8 %, with vaniations between 8.5 and 38 7%, depend-
ing on the department, Deaf-mutism, idiccy and cretimsm were not ob-
served The worst affected department was Ahuachapin.

On the basis of these studies, 1t 1s calculated that 119 000 chtldren 1n
E! Salvador out of a total school population of 673 000 are affected with
goitre., lf'lhcse average figures for schoolchildren can be taken as reasonably
of the popul as a whole, El Salvador would have 329 000

p
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ages of 10 and 14 years, are especially prone to the disease. The condition
is panied by under-devel sexual i 1ty, idiocy and
cretinism.  Sterility and other manifestations of reproductive failure are
common among women. The goitre seen in these areas is charactenstically
benign; toxic phenomena are never scen. La Pelada, El Salto, Manabao,
Pinarquemado, Boms, La Pefia and Vera Bellica are the most affected
sections in this arca. If iodine treatment is apphied in childhood excellent
results are obtained. Nothing can be done medically to alleviate goitres
in patients over the age of 20 years

South America

From earliest times the continent of South Amenca has presented a
fruitful field of study for the goitre investigator. Crotti *? recounts how the
first explorers of New Granada (now Colombia) were astonished to find
the banks of the Rio Magdalena inhabited by a race of ** heavy and stupid
savages of sluggish habit who passed their days in sleep ™ Among the got-
trous Indians of the Peruvian plateau, cretinism had reached such a degree
1n those days that it sequired nothing less than a papal bull from Paut 11E
(d. 1549) to convince the missionanes that these were indeed men with
souls to be evangelized. On the other hand, painstaking hstorical research
has convinced Greenwald *® that goitre was unknown 1n the Inca Empire
and did not appear there (i.c., 1n Colombra, Ecuador, Bolivia, Peru, Chile
and Argentina) until after the Spanish conquest of these countries This
15 1n hine with the views of Bengoa 1"

Today, the disease is found i almost every country of South Amenca
Summares of the history, prevalence and geographical distnbution of
goitre in South American countries up to the year 1950 have been made
by the Chilean Iedine Educational Bureaux of London and Santiago.? 3
Orr * and Kimball 72 are two other authonities who have written interesting
general accounts of goitre m South Amenca

Colombia

Endemic goitre in Colombia 15 a problem of long standing. Mutis 110
feported 1n 1794 that he had seen goitrous people on the upper Magdalena
River 1n 1760, that 1s, more than thirty years prior to the date of the written
record. In 1797 Gil de Tejada *** wrote about the cause and cure of the
disease 1n Santafé (Bogotd) Francisco José de Caldas, noted Colombian
naturalist and patriot, repeatedly mentions goitre 1n his wntings (1808)
Apparently he was the first to attnbute the disease to the quality of the
local drinking-waters—some excesstvely charged with ime and others
with caleium sulfate, 1ron, and decaying vegetation. About the same time
(1810) Camacho studied the distribution and extent of the Colombian
endemic and observed that the disease was frequent in the convents of
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More recent surveys by INCAP (N S Serimshaw—personal communi«
cation, 1954) revealed an average rate of 129, among 24 000 children
examined The following are the figures for five of the seven provinces:
Alajuela, 17%; Cartago, 12%; Heredia, 15%; Limén, 6%; San José, 8%,

Lack of jodine in drinking-water, monotonous diet, and hardness of
water are considered by De Girolami1 & Fallas Diaz® to be the causes
of the Costa Rican endemic  Cases of cretiism and deaf-mutism are of
sporadic occurrence

Panama

The Peruvian expert, Dr Arce Larreta, examined a total of 3540 persons
1n the Province of Chingui as part of the INCAP survey ™ He found gonre
tates as follows 2 5% in children up to 6 years of age (808 exammned);
509, in children of school age (1682 examined); and 75% in adults of 18
years or over (1050 examned)

More recently Reverte Coma ® . 2 has carrted out extensive goitre sur-
veys throughout Panama In Herrera and Chame the following percentage
prevalences were noted

Pre-schaol chifdren  Schoolchiidven Aduits
Herrera 680 6081 4685
Chame 165 2ti8 17.81

Many cases of eretinism and deaf-mutism were found. Reverte Coma 2
has also studied the * Anne Boleyn ” syndrome, the name given by Marafion
and his school to the simultaneous existence of goitre and polydactyhsm in
a patient He estimates that cases of polydactylism on the Panama Isthmus
number 1 1n every 2000 or 3000 inhabitants, the majonty being from areas
where goitre is endemic

Caba

Zones of end goutre do not app Iy exist in Cuba  Nevertheless,
sporadic cases occur with more than usual frequency in the regions of Sagua
de Tanamo, Morén, and Ciego de Avifa, Three of these, all in one family,
have been described by Schutte et al %

Dominicaa Republic

According to Purcell  numerous cases of simple goitre are found in
Santo Domingo., He mentioned El Cerado, El Pinar, Los Arroyos, El Coco
and Los Naranjos as the districts most affected.

De Ledn ® refers to the frequency of goitre among the country people
in the 1 zone of Jarat Women, and children between the
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ages of 10 and 14 ycars, are cspecmlly prone to the discase  The condition
is panied by under-devel sexual i ity, idiocy and
cretinism.  Stenility and other manifestations of reproductive failure arc
common among women. The goitre seen 1n these areas 1s characteristically
benign; tovic phenomena are never seen. La Pelada, El Salto, Manabao,
Pln:\rqu:mndo. Boma, La Pefia and Vera Bellica are the mos\ nﬂ'ec(cd
sections in this area. 1f jodine is applied in childh

results are obtained Nothing can be done medically to alleviate goitres
in patients over the age of 20 years

South America

From carliest times the continent of South America has presented a
fruitful field of study for the goitre investigator. Crott1 ™ recounts how the
first explorers of New Granada (now Colombia) were astonished to find
the banks of the Rio Magdalena inhabited by a race of * heavy and stupd
savages of sluggish habit who passed their days in sleep.” Among the goi-
trous Indians of the Peruvian plateay, cretimsm had reached such a degree
1n those days that it required nothing less than a papal bull from Paul 111
(d 1549) to convince the missionaries that these were indeed men with
souls to be evangelized On the other hand, painstaking historical research
has convinced Greenwald *® that goitre was unknown m the Inca Empire
and did not appear there (1.e., 1n Colombia, Ecuador, Bolvia, Peru, Chile
and Argentina) until after the Spanish conquest of these countries This
is 1n line with the views of Bengoa.!?

Today, the disease 1s found 1 almost every country of South Amernca
Summaries of the history, prevalence and geographical distnbution of
goitre 1n South Amencan countries up to the year 1950 have been made
by the Chilean lodine Educational Bureaux of London and Santiago?® 2
Orr * and Kimball 7 are two other authorities who have written interesting
general accounts of goitre in South America

Colombia

Endemic goitre in Colombia 15 a problem of long standing  Mutis 10
reported 1 1794 that he had seen goitrous people on the upper Magdalena
River 1n 1760, that 15, more than thirty years prior to the date of the wntten
record In 1797 Gil de Tejada '™ wrote about the cause and cure of the
disease in Santafé (Bogoti). Francisco José de Caldas, noted Colombian

hist and patriot, d} goitee 1n his writings (1808).
Apparently he was the first to attubute the disease to the quality of the
local dnnking-waters—some excessively charged with fime and others
with calcium sulfate, 1ron, and decaymmg vegetation. About the same time
(1810) Camacho studied the distribution and extent of the Colombian
endemic and observed that the disease was frequent n the convents of
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More recent surveys by INCAP (N S Scrimshaw~—personal communi~
catton, 1954) revealed an average rate of 12% among 24 000 children
exanuned The foltowing are the figures for five of the seven provinces:
Alajuela, 17%; Cartago, 12%, Heredia, 15%; Lamén, 6%; San José, 8%,

Lack of wodine in drinking-water, monotonous diet, and hardness of
water are considered by De Girolami & Fallas Diaz # to be the causes
of the Costa Rican end Cases of and deaf- are of
sporadic occutrence

Panama

The Peruvian expert, Dr Arce Larreta, examined a total of 3540 persons
m the Province of Chinqui as part of the INCAP survey ™ He found goitre
rates as follows® 25% i children up to 6 years of age (808 examined);
58% tn cluldren of school age (1682 examined), and 75% in adults of 18
years or over (1050 examined)

More recently Reverte Coma 5 %1 ¥ has catried out extensive goitre sur-
veys throughout Panama  In Herrera and Chame the following percentage
prevalences were noted.

Pre-schoal children  Schoolchilgren Adulss
Herrera 680 60 81 46 83
Chame . 105 2148 (78t

Many cases of cretinism and deaf-mutism were found Reverte Coma 2
has also studied the * Anne Boleyn " syndrome, the name given by Marafion
and his school to the simultaneous existence of goitre and polydactylism in
a patient He estimates that cases of polydactylism on the Panama Isthmus
number 1 every 2000 or 3000 inhabitants, the majorty being from areas
where goitre 15 endemic

Cuba

Zones of endemc goitre do not apparently exist in Cuba, Nevertheless,
sporadic cases occur with more than usual frequency mn the regions of Sagua
de Tanamo, Mordn, and Ciego de Avita  Three of these, ail in one family,
have been described by Schutte et af %

Dominican Republic

According 10 Purcell ® numerous cases of sumple poutre are found in
Santo Domingo He mentioned El Cerado, Et Pinar, Los Arroyos, Ei Coco
and Los Naran)os as the districts most affected.

De Ledn * refers to the frequency of goitre among the country people
in the i zone of b ‘Women, and children between the
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Bogotd, where well water of cxceptional hardness was used for dnnling
and cooking purposes {Socarrds 13),

A special interest attaches to the story of goitre in Colombia because 1t
was there that the famous French scientist, J B Boussingault,!® 11 put
forward for the first time (1831) the recommendauon that domestic salt
supplics should be 1odized to prevent goitre  The circumstances are these
1n 1824 von Humboldt ™ descnbed the oceurrence of goitre in the Andean
plateau and referred to the stnhang fact that the inhabuants of goitrous
locahities recogmized that salt from certmn natural deposits was more
beneficial than that from others  The following year, a young doctor
named Roulin, 1'* who had recently come to Colombia [rom Paris full of
wformation and 1deas about Condet’s new 10dine treatment of gostre,? noted
this and was instrumental 1n having samples of the salts analysed by Bous-
singault, On analysis Boussingault made the fi discovery that
those salts insuinctively preferred by the goitrous peoples contained most
1odine. This prompted fus recommendaunon

Although almost 130 years have passed since Boussingault’s advice
was given, 1t 15 only tecently that active steps have been taken to stamp out,
by means of 1odized salt, the senious degree of goitre wiich 1s still found
throughout almost the whole fength of the valicys of the Magdalena and
Cauca nivers  The decision to introduce iodized salt has been taken as a
result of several new and detailed goitre surveys

The first of these inquiries, published by Socarrds ' 1n 1942, showed
that 102 of 153 000 prospective recrusts for military service examined over
a period of five years were rejected because of simple goitre  in January
1945, the Department of Nutntion of the Co-operative Health Service
(Servicio Cooperativo Interamenicano de Salud Pablica) began a four-year
survey of the geographical distnbution and frequency of simple goitre
among schoolchildren from 7 to 14 years of age throughout the entire
country. Few, 1f any, more complete surveys of this kund have gver been
made anywhere in the world  The results, published 1n summary form by
Parra ' 13 and 1n great detal by Géngora y Lépez, Young & Iregui}®?
are shown in Table 111 They cover 183 243 children 1n 14 departments and
show an average goitre rate of 5262°;, the tughest figure bang 81 14%,
for the Department of Caidas

Commenting on this survey Parra ! 112 mentions that the departments
with the lowest goitre rates {Atlant Balivar and Magdalena) barder on
the sea coast, where there s a higher consumption of foods of marine
ongin  He also refers to the fact that dunng the fast thurty years simple
gortre has been 1nvading areas formerly untouched by 1t, e g, the Depart-
ments of Caldas and Antioqumia This 15 because the regional supply of
salt from 10dized sources has gradually been almost completely replaced
by cheaper salt of extremely low 1odine content from large mines near
Bogotd  Another mieresting conclusion drawn from the survey 1s that 1n
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Bogotd, where well water of exceptional hardness was used for drinking
and cooking purposes (Socarras %)

A special interest attaches to the story of goitre 1n Colombia because 1t
was there that the famous French scientist, J B Boussingault,'™. 30 put
forward for the first ttme (1831) the recommendation that domestic salt
supphes should be 10dized to prevent goure  The circumstances are these
In 1824 von Humboldt ' described the occurrence of gostre in the Andean
plateau and referred to the strking fact that the mhabitants of gottrous
localities recogmzed that salt from certain natural deposits was more
beneficial than that from others The following year, a young doctor
named Roulin, "¢ who had recently come to Colombia from Pans full of
information and 1deas about Coindet’s new 1odine treatment of goitre,* noted
this and was instrumental in having samples of the salts analysed by Bous-
singault. On analysis B It made the fi discovery that
those salts instinctively preferred by the goitrous peoples contained most
iodine This prompted his reccommendation

Although almost 130 years have passed since Boussingault’s adwvice
was given, it 1s only recently that active steps have been taken to stamp out,
by means of 1odized salt, the scrious degree of goitre which 1s still found
throughout almost the whole length of the vatleys of the Magdalena and
Cauca nivers  The decision to mtroduce 1odized salt has been taken as a
result of several new and detailed gottre surveys

The first of these inquines, published by Socarras !5 in 1942, showed
that 10% of 153 000 prospective recruits for military service examined over
a period of five years were rejected because of simple gottre  1n January
1945, the Department of Nutntion of the Co-operative Health Service
(Servicio Cooperativo Interamertcano de Salud Publica) began a four-year
survey of the geographical distribution and frequency of simple goitre
among schoolchildren from 7 to 14 years of age throughout the entire
country. Few, 1f any, more complete surveys of this kind have ever been
made anywhere 1n the world The results, pubhished 1n summary form by
Parra 11112 and in great detail by Gongora y Lépez, Young & Iregm,1o?
are shown in Table Il They cover 183 243 children i 14 departments and
show an average goitre rate of 5262%, the highest figure being 81 14%
for the Department of Caldas

Commenting on this survey Parra . B2 mentions that the departments
with the lowest goitre rates (Atlantico, Bolivar and Magdalena) border on
the sea coast, where there 1s a higher consumption of foods of marme
ongin  He also refers to the fact that during the last thirty years simple
goitre has been invading areas formerly untouched by 1t, e g, the Depart-
ments of Caldas and Antioquia  This 1s because the regional supply of
salt from 1odized sources has gradually been almost completely replaced
by cheaper salt of extremely low 1odine content from large mines near

Bogotd Another mteresting conclusion drawn from the survey 1s that in
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Among those who have made recent contnbutions to knowledge of
Colombian goitre are G Afanador ' who in a serics of 244 cases
found 82% to be simple goitres, 10% hypothyroid and 8% hyperthyrod;
Thonnard-Neumann !¢ who refers to the goitre problem in his assessment
of the poor nutritional status of the Colombuan people; and Correa &
Castro ' who describe the natural history of the discase 1n Cali.

Venezuela

From the Rio Magdalena in Colombia the goitre belt extends eastwards
mto Venezuela through the basins of the Meta and Apure rivers, and more
particularly along the Cordillera of Mérida, affecting such places as Pam-
plona, La Gnta, Tovar, Mérida, Trupillo and Barquisimeto, and continuing
as far as Valenaia and Caracas

The most authoritative account of endemic goitre 1n Veneczuela is
contained n the comprehensive health survey of that country by Bengoa.!?
He 1s of the opinion that goitre did not exist in Venczuela prior to the
colonization, owing to the typcal di dencies of the ind
tribes of the Caribbean countries. When the people began to live in settled
communities, however, goitre began to develop. Indeed, Bengoa refers
to the tradition that from the time of colonization practically everybody
1n Trujillo was gortrous, a fact which 1n those days marked out foreigners
and people without goitre as rare individuals

The 1ntensity of the goitre endemic tn several towns of the Republic 1s
seen in the following tabulation, which shows the percentage rates among
students examined in the year 1941

Locality Goitre vate Locality Goitre rate
£ %)
LaGmta 47 Pregonero . 12
Guarico 28 Cuscas 1n
Monte Carmelo 25 Tovar 5
Chejendé 18 Carvajal 2
Menda 13 Campo Elas 2
Biscucuy 12 Mucuchies 1

These rates are for cases of obvious goitre. Bengoa, ' from whose book
the data are taken, says that only 1solated cases of cretimism and deaf-
mutism are encountered, and that the goitre problem in Venezuela as a whole
does not have the same serious social significance as in some other South
Amercan countries  Nevertheless, he commends it to the notice of official
public health authorities, with the proposal that iodized salt should be
introduced to diminish the present intensity of the condition.

Heedful of this red light, the Instituto Nacional de Nutricién organized
a series of field surveys and laboratory studies in 1951 which confirmed
the high goitre rates existing along the Venezuelan Andes and footlulls
from San Cristébal at the southern end of the ridge through Trujillo,
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TABLE Ut PREVALENCE OF SIMPLE GOITRE AMGNG COLOMBIAN
SCHOOLCHILDREN, 1945-48

f Department Shiaren, Positice Percentage
i 1 Antioqua 20038 231 %73
! 2 Aflantico 4425 1012 2264
3\ 3 Bailvar 8097 ' 2333 2881
4 Boyach 8025 488 5345
! 5. Catdas 25280 2051 814
: 6 Cauca 6234 4960 7958
| ¥ Cundinamarca 34865 15909 4583
! B Magdalena §512 1268 M4
f $ Hulla 5137 { 4218 6998 !
| 10 Naddo L 48e 3787 l
‘} 11 Norte de Santandes 4130 ? 1684 on
! 12 Santander s 4993 a8 i
13 Totima 10941 5635 6064 '
14 Valie det Cauca ‘ 26264 i 13879 5284
Total ! 183243 ’ 96435 5262

places with soft or semi-bard water the goutre incidence 1s less than mn
locahities where the water is hard or very hard.
Where the endemic has been of long duration-—100 years or more—the

physique of the people 1s sub dard and there are evid of retarded
mental development and of cretinism
Goitre preventive lving the iod of the salt supply

for the entire country have been given offimat sanction, and Goéngora y
Lépez & Young ' have given a full description of the approved process
for 1odizing the salt produced from the natural deposits found at Zipaquird.

The average datly intake of salt per head 15 saud to be 15 g, and the
Tevel of 1odization adopted 15 1 part of 10dine 1n 25 600 parts of salt. That
1odized salt 1s effective mn reducing the degree of gotre in young Colombian
children is already evident from the results of a two-year tnal recorded by
Géngora y Lépez & Mc_na s08 Bcgmnmg n May 1950, a total of 8062
children from seven diff local in the Di of Caldas were
given iodized salt regularly As controls, 797 chiddren from two other
zones in Caldas and 1648 children from the city of Bogotd were given no
iodized salt. At a resurvey in Apnl 1952 the number of cases of goitre in
the 10dized salt group had diminished by 57.6% compared with the rates
obtaming in 1945-48. The goitre rate among the children not getting iodized
salt was the same in 1952 as was found n the 1945-48 sucvey.
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and half-castes are most vulnerable to the disease because of their extreme
poserty and poor nutntional status  This concides with the opinion of
Arcos, who mamtains that gortre persists 1n the rural arcas of Ecuador,
particularly 1n the narrow Andean valleys, owing to low standards of hving
and the tack of adequate medical and social services  Arcos confirms that
the disease 1s very extensive in the Province of Cotopaxi (formerly called
Léon), especially among Indian races. He thinks, too, that thyroid deficiency
1s the greatest single cause of decadence among these peoples.

Precise statistics are not available in respect of the Ecuadorean popula-
tion; but 1t 1s believed that goitre affects both sexes equatly It 1s particularly
evident at puberty and adolescence  Thyroid enlargement 15 alse known to
occur among domestic animals in Ecuador (Sinchez & Paredes '3?) Horses,
pigs and lambs are alfected

An exhaustive review of the history and folklore of endemic goitre 1n
Ecuador ts given by Ledn 19 He refers to the occurrence of the disease in
the times of the Inca Empire, when 1t was known by the Quichua term
ceotto or colo amound or p b , and traces its development
dunng and after the Sparush colomal era The frequency of gotre through-
out the Ecuadorean highlands has not only had its repercussions on the
medical, brological and soctal life of the people, but has also influenced the
national plastic and pictonal arts

Peru

Although goitre, cretinism and deaf-mutism have long been a burden on
public health in Peru, only recently have medicat officials been able to
convince the Government of the preventive possibilities 1n 1odized salt and
the need to make its use compulsory The Ministry of Public Health 1n
Peru has now orgamized a campaign for the prophylaxis of endemic goitre
by means of salt 10dized at the rate of 1 part of 10dine 1n 10 000 parts of salt

The location and intensity of the present-day endemuc in Peru was first
clearly defined by Salazar ! in a series of maps, on which oceurrence 15
plotted department by department Most affected are those departments
covering the central higher parts of the country Moving from north to south,
the following are the ten departments with the highest rates- Amazonas
(28 79%,), Cajamarca (3 63%), leert:xd (638%), Ancash (14 36"/)
Hudnuco (19 96%), Jumn (509%), 1 8.77%). A
(428%), Apurimac (9 88%) and Cuzco (492%) Cases of goitre in the
rematning 13 departments of the country occur 1n 2% of the population or
fess,

Burga,'* 13 who 15 1n charge of the Peruvian gortre campaign, has
drawn special attention to the differences between gotre conditions m
different parts of the Department of Amazonas There, the goitre rate 1n
low-lying areas—namely, 90 %—1is much greater than in the hlgher parts of

the Department, and mentai d. y and deaf-

are
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Tocuyo and the Carabobo area almost as far as the non-goitrous 2one of
Caracas  For instance, n the county of Batladates tn the state of Mérida
84.5% of 718 adults and 83% of 641 schoolchidren examined by Roche
et al 2 1% were found to have abnormally pafpable thyroids Garcia 12
encountered rates of between 229 and 96 % among groups of men, women
and chitdren from different {ocatities in Palmura and Pifiango, two districts
situated in the mountamous regson 1o the nosth-east of Ménda between
the states of Zuka and Truplto In Manuare vatley (Carabobo state)
Rodriguez - 1 records an meidence of 36 3% 1n the 381 persons he
exarmned, almost 169 of the total population of the district

Radiorodine clearance has been studied by Roche and his colleagues
on the inhabitants of the mountanous regions of Barladores and Tabay
in the far-west of the country and on goutre subjects from Manuare and
San Joaguin n the state of Carabobp W81, 18 11

Some 500 mules to the south-east, Roche * made sinular investigations
m the savanna of Kakur near the sources of the Ventvari river in the Amazon
territory of Venezuela Here, the 24-hour thyrowdal uptake of 1 was
measured 1n 53 welt-nourished Indians who had had little or no contact
with white men and who, with one exception, had thyrosds that were either
non-palpable or normal in size  The average ™1 uptake was 708 of the
admumstered dose, 45 of the cases had uptakes of more than 50% of the
dose  Uptakes of six controls, members of the expedition, were within
normal limits  If it be d that the d ated thyroidal avidity
for jodine sigmfies todine deficiency, the findings would supgest thar such
deficiency may exist without giving tise to the symptom of gostte

Eepador

From Colombia, the South American gorre zone passes southwards
along the Cordiliera into Ecuador, touching such centres as Quito, Cuenca
and Loja.

More thar 120 years ago, von Humbotdt (1824)® and Boussingault
(1833) 19 mention gostre as beng endemuc 1 Ecuador. In Liano Anciso
a case was seen in which the swelling was 14 mches (36 cm) fong and §
nches (20 cm) across  Although this is exceptional d: predisy
ta the appearance of such phenomena  There arc one oF two areas, however,
where gottre does not occur because the local sources of food salt are
sufficiently rich 1n sodme

Tn recent years the Ecuadorean gowre problem has been carefully
studied by Sanchez & Paredes 132 and by Arcos.t® Shnchez & Paredes state
that most gottre 1s found in the central Andean spine running fengthwise
through the middle of the country. The littaral zone to the west anq the
upper Amazontan arca on the east side—both of which are cou )
low-lying—are less affected. These authors clamm that the native Indians
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Department of Santa Cruz, in the east of the country. Similarly, in Tacua-
rembott and in Tanja, where goitres are very abundant, the words “cotudos™
and *cotos ™ are in common use to describe the peoples there. (See also
Ledn ¥ under Ecuador )

Worthy perhaps of passtng mention is the Jocal belief in certain places
n Bolivia that goitre co-ewusts with an abundance of alder trees which, so
1t1s conjectured, absorb all 10dine from the soil and render 1t 1odine-deficient.

Exact numencal statistics are not avatlable but, from his personal obser-
vations, Balcazar has d the following degrees of p fence to cight
of the mine departments of the country, arranged i order as nearly as pos-
sible from north to south. He says that over-all rates of 409 or more are
not uncommon 1n some provinees.

Beni Very abundant, especially in the Provinces of Cercado and Vaca
Diez, and in parts of Jtéfiez

Santa Cruz  Abundant. A rate of 17% among schoolchildren 1n the
capital ctty. Many cases 1n the Provinces of Valle Grande, Chiquitos and
Cordillera

La Paz Low incidence 1n the Yungas Provinces, but very prevalent in
practically all the others. Very n the p 1a of C
(Lake Titicaca).

Cochabamba Frequent in many provinces  Abundant in Independencia,
the capital of Ayopaya Province. Grave foci in Pasorapa, Toyota and
Emercque

Oruro Sporadic cases 1n several cantons

Potosi  An extraordinary number 1n Millares  Many cases 1n Taco-
bamba, Ancoma and Potobamba Grave foci in Condes and frequent cases
1n many other places.

Chuquisaca Zudéfiez Province 1s wholly goitrous. Many other places
affected.

Tarya. Very prevalent Main foci are m the capital and in the Provinces
of Cercado, Méndez, Avilés, Arce and O’Connor.

The gottre problem m Bolivia 1s bound up with lack of education, poor
housing, defictent nutntion, generally low standards of living and the
prevalence of venereal disease, alcoholism and indulgence in coca

The Bolivian Government plan to jodize all food salt used throughout
the country and to ensure this end propose to create a salt monopoly

Chile

Compared with other South Amerscan republics, Chile 1s not 2 gortrous
country. Dumnng his travels from Argentina over the Andes into and
throughout Chile in the years 1820 and 1821, Schmidtmeyer 16 especially
noted that * the inhabitants of Santiago, however, do not exhibit the same
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correspondingly serions. The drinking-water is from streams. In the
highlands, on the other hand, Butga found a rate of 30%, mostly among
adalescents. Here the water-supply comes from wells. Goitre 1n newborn
babies is common, and the disease is also seen m domestic anjmals, par-
ficularly dogs

In later and more comprehensive surveys covering the whaole of Peru,
Burga ¥ has confirmed his earlier opinions, pamely, that serous endemic
goutre 1s confined to the regron of the Sterra, that 1t 18 not found on the coast,
and that 1 the ristng and foothill country between these two zones the
disease has an miermediate severity, bewg wholly abseat tn same localities.

Burga's studies relating prevalence to altitude are among the best in the
goitre literature  Mowving inwards from the coast 10 an ascent of the Cor~
diflera one first encounters cases of goutre at 250-850 metres above sea-level;
at an elevation of 1000-3000 metres the frequency increases, attaining average
rates of 15%, to 259, and above. At this Jevel, the disease is characterized
by the presence of cretimsm, myxoedems, and a general state of hypo-

boli g also to d ic antmals. At an even greater height,

over 3300 metres, the goitre rate tends to duntnish again, until it recedes
to an almost insigmificant figure in places of highest altitude. In these
zones, creting and cases of myxoedema are rarely seen and it 15 difficult to
find any amimals with thyroid enlargement, These conclusions of Burga
and lus team 3% 2 are based on the of many t} ds of
men, women and children in 84 provinces of 14 dsstricts of Peru

A feature mentioned by Monge *! 1s the unusually large size of the
gostres found in Urubamba Province near the town of Cuzeo in the southern
part of Peru [t appears, too, that toxic gotre {Basedow’s syndrome) is
not uncommon 1 this area

Those interested m tustorical aspects of gowre i Peru are commended
to the writtags of Lastres *® 2 and of Greenwald & Lastres.t?

Boljvia

Qur knowledge of the distribution of goitre 1n Bolivia is dve, in the main,
10 the modern investig: of Bal 165 Ferpindez,'® and Ibafez.W?

As with other South Amencan republics, records of the Bolivian endemic
are several old Foll g the Spanish of the Incas carly
10 the sixteenth century and the reorgamzation of the country as a depen-
dency of the Viceroyalty of Peru, known politically as the Audiencia of
Charcas, Viceroy Francisco de Toledo (1569-1581) sent a commission of
* empingcists ” from his seat of government at Sucre to Zudanez, capital of
the province of the same name tn the Department of Chuquisaca, to cure
the goutee there, 50 serious had 1t become. . .

Significant, 100, 1s the fact that the Bolivian wo@ {or gortre, * coto ™
has given rise to the place-name Cotoca, a township in Cercado Province,
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TABLE IV PERCENTAGE OF THYROID ENLARGEMENT AMONG SCHOOLCHILDREN
N THE VARIOUS DISTRICTS OF THE SIX DEPARTMENTS
OF THE PROVINCE OF SANTIAGO, AND OF THE SIX DEPARTMENTS
OF THE PROVINCE OF COQUIMBO, CHILE

and diatrict eraedmyaid —n and district rlaraed ol
Province of Santlage
Santiago Tatagante
Lampa 7 Isia de Malpo 1
T ES Telxgante ”
Quilleura » Petatlor s
Curscavt » Maipo
Maipa s Paine 2
Florida 3 Buin 7
Renca 1 San Antonio
Collna 2 Cartapens o
Puenta Alto 19 San Antonlo 1
La Grenla E ! sants Domingo 1
Pirgue = | wovidad ”
San & de Maipo B | san Bemanto
Conchall 10 || catera de Tongo n
San Migue! 4 1 san Bemardo 15
Cisterna 5 || Menpitta
Las Condes 0 “{ € Monte )
Quints Normal 5 i\ Melipitia "
Nuhea o 1 Ame ®
Providencla 6 I maca pinto "
Bamancas 12 ' San Pedro 3
Santiage s i
Provinee of Coquimbo
La Serena || ©vate
La Serena 4 ;l Ovalle 1"
La Higuera 1 I Mante Patna 20
Elqul I Ponitaqui »
Vieuta 3 | sama ano 2
Pamuano 2 Combarbala
Cequimbo l\ Combarbela 2
Coquimbo 2 il Mapet
Andacolfo 2 [ Wrapel "
1\ Satamanca a8
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enlargement of the neck and head as the Mendozines: . ., 1 observed it in
women nhabiting cottages within a few leagues of Santiago, and in the
midst of wrigated grounds, but nowhere else in Chile during a journey of
above a thousand mules, along both the sea shore and the foot of the Andes”
Strain *** also came across only a few 1solated cases on his journeys through
Chile 1 1849; he was told by the people whom he met that goitre was
unknown in Chile until about 20 years before that time, when, according
1o tradition, the disease made its appearance simultaneously with the
introduction of the Italian poplar tree from Mendoza. Gilliss,**® another
traveller, writes 1 much the same sense.

On the other hand, there are those who believe that the disease prevailed
to a considerable extent 1n the colomal era, but has Jargely dechined with
improved conditions and the advance of time Romero ® says that
Santiago during the sixteenth centuty a connexson existed between the
prevalence of goitre among the aristocracy and the fact that they had thewr
own private sources of highly purified drinking-water, whereas the poorer
people obtained water from relatively impure public supphes Fashionable
panters of the tme performed marvels in disgmsing the goitres of ladies
who commissioned them to paint their portraits; efegance decreed the use
of ribbons of black velvet around the neck and other aids to concealment.
Some men, less concerned perhaps, allowed an unaesthetic and considerable
tamour to show above the neckerchief.

Places considered to be mildly gottrous today he in the area watered by
the Aconcagua rwver, particulatly around Los Andes and San Felipe
P. Martini (eited by Romero 162) of Los Andes mentions having seen gostre
on the mountain road through the Cordillera to Juncal in Argentina
Feferholtz & Oruz **® say that goitre 15 especially prevalent in Boco near
Quillota, which 15 to the north-gast of Valparasso

Farther south, cases are occasionally found along the valleys of the
Matpo and Cachapoal rivers, and at La Punta, a settlement just north of
Rancagua tn O'Higgins Province {Cabello & Zifuga; 1% Zudiga1%) In
tus neighbourhood, also, gortre has been noted at Doiiihue. At Teno near
Cunco, Alvarez ‘9 records a senes of 111 cases, of which only 2 were men.
He also observed a number of cretins and dwarfs. There are no estabhshed
foci of enderuc gotre in the Concepcidn area Suazo Figueroa 1 examined
the reports of nearly 2500 biopsies and autopsies and found indweations of
the disease 1n only 45 persons (i.e, 1 8), of whom 8 were men

The most recent and most comprehensive surveys are those carned
out by Donoso and his colleagues 14335319 op 39433 schoolchildren
distributed over 287 schools i the six departments of the Province of
Sanhiago, and on 8332 pupils belonging to 119 schools in the six departments
of the Province of Coquimbo. The over-all goitre rate 1n these two pro-
vinces 1s 10%-11%; but, as Table IV shows, sates of 20%;, 30% and nearly
407, are the rule in some dstricts
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239 for the whole province, with a maximum figure of 33 577 in Chicli-
gasta. Statistics (1939-45) " for Catamarca record a ratc of 1007 in a
school at Andalgald; and Lobo and lis colleagues found 32 68 % of goitre
1n 1500 children examined in La Rioja schools

According to a 1937 census of schools in 16 different places in Men-
doza, ™ gottre rates varied from 28% to 88, among young children, the
average rate bang 43.5%. In subsequent studres, Perinctti and collabora-
tors 15 18¢ found 24 150 cases of thyroid enlargement among 52 548 children
examined (1e., 46%) Of these, 609 were palpable goitres, 369 visible,
and 4% nodular, Data of a similar kind are available for the Territory
of Formosa and the Provinces of Corrientes and Misiones, in all of which
goutre frequencies of the order of 509 and above are found among children
of school age, 197, 181, 182, 190

Analytical researches by Mazzocco and Artas Aranda,’™ 17 and by
De Salas & Amato,1%® prove that goitre in Argentina is defimtely traceable
to 10dine deficiency in the waters, soils and foods of the affected districts.
An 10dine therapy campaign was Jaunched i the northern provinces of
Argentina 1n 1924 and again in 1938, control being exercised through
phystcians and teachers Tablets containing 5 mg of iodine were distributed
by the Public Health Service and 10dized sweets were also used Excellent
results were obtained, but on the basis of this experience 5t was decided that
if tablets are adopted as the prophyl vehucle, it 1s preferable to ssue
them 1n 10-mg 10dine strength. These may be given with safety even to
quite small chuldren No cases of intolerance were encountered

The Argentine Government 1s now tackling the goitre problem on a
broader basis, and strong moves are being made towards the general
introduction of 10di1zed salt in all the serrously affected zones Indeed, a
law has already been passed making this practice compulsory n the Pro-
vince of Mendoza.

Official concern 15 also reflected in the foundation of a Goitre Institute
1n the Faculty of Medicine at the University of Cuyo, Mendoza, under
the direction of Dr H Pennetti Here, important field and laboratory
studies of 10dine-defictency goitre have been carried out by Argentintan
scientists, 1 collaboratton with a team of experts from the famous Boston
school of thyroidologists. The expedition, led by Dr J B Stanbury of the
thyroid clinic of the Massachusetts General Hospital, demonstrated by
means of radioactive todine the great avidity of the thyroid of goitrous
Argenttman patients for artifictally admimstered iodine,19 1% This uptake
15 related to the degree of iodine deficiency and 1s mversely proportional
to the amount of 10dine excreted m the urine Attention was focused
marnly on people below the age of 35 years, all of whom had gotres; usually
these were diffuse, but a few were multinodular and of great size

Goutre literature pertaiing to Argentina is extensive. In addition to
the sources already cited, papers by the following authors have been con-
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QOther interesting Chilean contributions to gore knowledge are those
by Covarrubias,’® who writes on the relation between the thyroid gland
and pregnancy, and by Cid Krebs ! and Oberhauser Bund & Cid Krebs,?
who have studied the 10dine content of soils and waters m refation to goitre
prevalence in the Province of Santiago

Argentina

Nowhere 1n the west of South Amenca 15 gontre more widely diffused
than m those provinces and ternitories of the Argentine Republic bordering
the eastern slope of the Cordiflera~namely (from north to south), Jujuy,
Salta, Tucumén, Catamarca, La Rioja, San Juan, Mendoza, Neuquén,
Rio Negro, and Chubut. In thus great 1500-mule stnip of territory goitce
has been known since the Spanish conquest and 1t is of interest that one of
the earfiest and most unpresstve appeals for offictal intervention to deal
with the menace relates to this area. Writing of Mendoza Province m
1820 Schmidimeyer ¥¢ sayss

The greatest number of the inhabitants of thus state are afflicted with that unseemtly
and mmpunous disorder, the gostre, which prevails i so many pans of the world, and
for the preventian of which hittle progress seems 10 have hithertho been made: yet the
disease 15 such, as may justify an appeal to as well as to individuals, for
farther and f possible more effectual efforts, for the discovery of wts cause, and for the
mesns gradually 1o remove It cannot be supposed, that Providence should have
destined so many countries of the earth permanently to produce this evit, and the numer-
ous imhabiants compelied 1o reside 1n them, 10 be Sor ever subject 1o 11: mental or boddly
faculties are generally more or Jess affected by #t, and those who have been in the vathes
of Swisseriand {sic] and Savoy know, how often they are lost by this severe visitatian,
which, however, can only be viewed as one of the very many smperfections which meet
vs at every step, and are intended to draw fonth our fabours and our exertions for their

removal

Towards the centre of the country gottre 1s endemic in the Provinces
of San Luis and Cordoba, and a very high prevalence 15 found in the
Territory of Formosa and the Provinces of Corrientes and Misiones, all of
which are eastern areas adjoining Paraguay, Brazd andfor Uruguay.

The precise rates in the vanous provinces and terntories are not known;
but some 1dea of the intensity may be gathered from susveys which have
peen carnied out from time to time, particulacly on schoolchildren. Thus,
in some departments of Jujuy a gottre rate of 100% was observed by E.
Sola {cited by De Salas & Amato 1) i 1931. Later (1938), Lobo et al.}®
ercountered 17 goures in every 100 schoolchildren n the area of San
Pedrito. Salta 15 no less goitrovs. An ion of 1278 schooichitd;
by Lewis 72 in 1924 revealed 879 in boys and 887 1n gisls. Lobo ¢t al
found from 15% to 45% n Salta schools examined in 1938, and Ofiauvia 150
has described goitrous cretmism n the Province as recently as 1959, In
Tucuman rates of 65% in boys and 60 in girls have been secorded by
Lewis, and the 1938 survey (Lobo et alt™) disclosed an average rate of
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the cast and north-east of the country, and in the Department of Colonia
on the west side. In the capital, Montevideo, situated on the south coast
of the country, poitre docs not oceur, . »2

Thyrowd enlargement gccompanied by mentat d; among child-
ren in certain schools in the Department of Rivera {¢ g, at Sauzal) has
obliged the local education authonties to prolong the penod of a child's
attendance at school.

‘There does not appear to be any absolute deficiency of sodine m the
soils and waters of Urnguay. Likewsse, the thyroid plands of human
subjects, cattle and dags, cxamined post morsens, show a normat iodine
content, It seems, therefore, that the cause of goitse 1n Urugnay must be
sought in some goitrogenic factor i food which is responsible for creating
a relative deficiency of iodine.

Determmations of the calcium content of normal and pathological
human thyroid glands by Pérez Fontana and his colieagues ** showed
that hyperthyroid glands had a low calcium content, whereas the calcium
1n hypothyroid plands was iderat d. There were insuflici,
data ta establish a correlation between the amount of caleium jn drimking-
water and foods and the content of caltium in the thyrowd

Brazil

Endemic goitre i1s a problem of exceptional gravity in parts of Branl
Pinotfy % estimates that no less than 11 640 000 people in a totat population
of apptoximately 62000000 are affected The dwsease 13 parncularly
rampant i the southern States of Rio Grande, Santa Catanna, Parand
and S3o Paulo, the southcastern States of R de Janeiro and Minas
Geras, and the great central and western States of Goids and Mato Grosso
In the north and north-eastern parts of the country, gortre 1s perhaps less
noticeable; even so, the mtensity jn Maranhio and Piaui is considerable
(119} and there is a prevalence of around 9% 1n the vast territory of Ama-
zomas and Rio Branco

Pmott’s ¥° summary 13 given in Table V.

Gotds and Mata Grosso,

Towns especially affected with gostre an the interior of these states are
Natividade, Conceiclo, Arrayas, Goids, Goidma, and Culabj in the for
west Silva & Borges *? examined about half the chudren and young students
regularly attending public and private educational establishments in the
urban and surat zones of Cuiaba, Gaidna and Gotds—in all, 6803 persons
of ages ranging from 7 to 21 years The prevalence was very high in all
three zones, being 72% 1n Cwiaba, 66.6% 1n Goidnia and 81 % m Goias.
The rates were higher among coloured than among white children, in girls
than in boys, m the country than in the towns, in public than n private
schools, and in lower than in upper ecanomic groups.
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sulted 1n preparing the foregomng summary: Bustos,'® De La Barrera,®
Macearing, 174 7 Glascoaga,'” Perinetti,®* 13 Romero,®? and Schiavone.188

Paraguay

Goitre 15 extensive 1n the mountamons districts of Paraguay and has
been a pubhe health problem for many years It 15 recorded by Burton 1
that at one tume there was goitre in atmost every home in Asuncién. A

1 in Schrud: ’s Journal *? sugg: that the disease has been
known 1n Paraguay at least since 1820

Under the auspices of the Servicio Cooperativo Inferamerncano de
Salud Piblica, the present frequency of goitre in Paraguay has been deter-
mined from a study of recent hospital statistics and by the clinical exammna-
tion of more than 44 000 children between the ages of 6 and 16 years in
towns covenng the most densely populated areas of the country. 19, 197, 198

Peda ¥ and Jsast Flentas, % the two doctors cheefly responsible, found
an average rate of 23.57, among ctuldren, the frequency 1n guls being
four times that in boys Children of families 10 comfortable circumstances
were less affected than those from workimng-class homes. The hospital
records show that the great majonty of persons admitted for operative
treatment were between the ages of 16 and 45 years.

In view of the prevalence of goitre more or less throughout the whole
country, and the freg of i such as d and
cretinism, 1odized salt 1s officiaily recommended not only for children and
pregnant women, but afso for domestic ammals m the endemic zone.
Dunng the three years 1946-48, tablets of Ondine, each containing 10 mg
of 1dine, were admnistered to children n four schools at the rate of one
tablet per head weekly for about 20 weeks in cach year Before treatment
the goitre rate was 26 1%, at the end of the first year’s freatment it was
16.7%, by the end of the second year 1t had fallen to 8.2% and at the end
of the third year 1t was down to 4.8%,%

Umgoay

A searching mquiry 1n 1935 led Pérez Fontana, Bennati & Volonteno 2%
to conclude that goitre 15 not senously endemic in Uruguay Subsequent
studies by Proto 2 and by Bauza 1% and Bauzi, Cervifio & Salveraglio 200 29
suggest, however, that certam areas are suspect and that the existence of
a mildly goitrous zone must be acknowledged in the Departments of Safto,
Tacuarembd and Rivera towards the north of the country. Among school-
children, Bauzi et al.™ found visible goitres to the extent of 694 in Salto
and 17% in Rivera; amang older studeats, the proportion was 59% in
Salto and 14% in Rivera,

Elsewhese, sporadic occutrences have been noted in various placest
for example, in the Departments of Lavalleja, Rocha and Cerro Largo to
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the east and north-cast of the country, and 10 the Department of Colonia
on the west side. In the capial, Montevideo, situated on the south coast
of the country, goitre does not occur,*o. 02

Thyroid entargement accompanied by mental retardation among child-
et in certain schools wn the Depactment of Rivera (e 8., at Sauzal) has
obliged the focal education authonties to prolong the period of a child’s
attendance at schoot

There does nat appear to be any absolute deficency of wdine in the
soifs and waters of Uruguay. Likewise, the thyrod glands of human
subjects, cattle and dogs, examined post mortens, show a normal sodmne
content, It seems, therefore, that the couse of goitre in Uruguay must be
sought 1n some gowrogenic factar in food which 15 responsible for creating
a relative defimency of 1odine

Determinations of the calcium content of normal and pathologieal
human thyroid glands by Pérez Fontana and fus colleagues *° showed
that hyperthyroid glands had 2 fow caloum content, whereas the calcium
m hypoth d glands was Jerably aug d There were msufficient
data 1o establish a correlation between the amount of caloium i drinking-
water and foods and the content of calcium n the thyroid.

Brazil

Endermc goitre 18 2 problem of exceptional grawvity i parts of Brazil
Pinotu # estimates that no less than 11 640 000 people in a total population
of approximately 62000000 are affected The disease is particularly
rampant in the southern States of Rio Grande, Santa Catanmna, Parani
and $%o Paulo, the south-castern States of Rio de Janewo and Minas
Gerais, and the great central and western States of Gords and Mato Grosso
In the north and north-eastern parts of the country, goitre 15 perhaps Jess
noticeable, even so, the intensity in Maranbdo and Praw is considerable
(11%) and there is a prevalence of around 9% mn the vast territory of Ama-
zonas and Rio Branco

Pinotti’s B9 summary s given in Table V.

Gords and Maro Grosso.

Towns especially affected with gontre in the sntenor of these states are
Natwvidade, Conceiclo, Arrayas, Goias, Goidniz, and Cwabi in the far
west Silva & Borges %2 examined about half the children and young students
regulaily attending public and private educational establishments s the
urban and ruraf zones of Cwabs, Goiinia and Gotds—in all, 6803 persons
of ages rangmg from 7 to 2L years  The prevalence was very high in alf
three zones, being 72% m Cwabd, 66.6% in Goiania and 819 i Goids.
The rates were higher among colauted than among white children, in guls
than in boys, in the country than in the towns, in public than in private
schools, and in lower than mn upper economic groups.
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TABLEV PREVALENCE OF GOITRE JN VARIOUS REGIONS OF BRAZIL

Region and population :f;'rfeé'o'ﬂ'ﬁ: Tﬂ:f',ev;gaber

Central: 2200000

Mato Grosso

Goids 538 1150 000
South: 20 000 000

Sdo Paulo

Parang

277 5 500 000

Santa Cataring
Rio Grande do Sul
South-East: 16000 000
Mmnas Gerals
Espirito Santo 210 4300 000
Rio de Janelro
East: 6500000
Sergipe
Baha
North- 2300000

] 50000

Amazonas

Pard

Rio Branco 84 210000

Amapa

Ronddnia
North.East: 15 100 000

Maranhdo

18 350 000
Piaul

Ceard
Rio Grande do Norte
Paraba 08 70000

Pernambuco

Alagoss

Total: 62100000 11 640000

Sdo Paulo

An extenstve study of endemic goitre among infants, schoolchitdren
and college students 1n different parts of the State of Sdo Paulo has been
made by Dr Arruda Sampato.®* 2% Between 1940 and 1947 he examined
more than 22 000 indivsduals and found rates of from 5% to 10 in littoral
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distrcts, graduaMy increasing as he passed up through the valley of the
Pacahiba river into the highlands of the interior, where rates of 603,
70% and even 90% were encountered along the Serra da Mantiqueira,
which dominates the hinterland between the towns of Sio Paulo and Rio
de Janerro.

Goitre here is of the simple type. Its prevalence increases with age in
zones which have an average or low proportion, being about 20% higher
in children between the ages of 12 and 15 years than in those between
8 and 10 years In heavily affected zones the goitre rate reaches 2 maximum
even at pre-school age. Arruda 209 i foci of end
cretimsm in the areas ol his study and also refers to a case of almost total
colour-blindness 1n a goitrous patient which successfully responded to
10dine treatment.

Another considerable goitre centre in S3o Paulo lies 50 to 100 miles
north-west of the capital and compnses the infand towns of Campinas,
Botucati, Pirambdia and Anhembi Here, a goitre inquiry has been made
by Dr A. Lyra and Dr A. De Melo ¢ Albuquerque *** on behalf of the
Diretoria do Servigo do Interor. They examined 850 boys and 712 girls
from 5 schools 1n this region and found an average rate of 38.58% among
boys and 44.80% among girls. In a later publication, De Melo e Albu-
querque 2 refers to a rate of 70 6% among 3030 children examined by
tum at Campinas,

Parand, Santa Catarina and Rie Grande do Sul

More than twenty years ago Duarte Nunes *# reported that physical n-
capacity due to thyroid msufficiency was of frequent occurrence among
army recruits examined by lim 1n the military hospital at Cuntiba Men
with goitres were indolent, lazy and easily tired. After physical effort,
tremor of the limbs was a marked feature. For these reasons Duarte Nunes
recommended that anyone suffering from goitre be excluded from the
Brazihian army

This matter has recently (1955) been re-examined in great detasl by
Paes de Oliveira et al #7. 22 Inspection of more than 120 000 young men
of military age (19-20 years) drawn from neatly 200 municipalities m the
States of Parani, Santa Catanina and Rio Grande do Sul revealed that from
S0% to 809, of recruits were rejected for service on account of ili-health
and physical disability Among the causes of rejection goitre stands high,
rates of 25% being common 1n the upland areas of southern Brazil

Minas Gerais

The goitrous districts of Minas Gerass lie from 100 to 200 mules due north
of Rip de Janeiro at Barbacena, Ouro Préto, Sabara, Congonhas and
Conselheiro Lafaiete. The endemic presents a complex of symptoms
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simular to that described in other grossly affected areas—gmtre., cretinism,
deaf-mutism and mental debility. Chemical examination of the local
water-supply and vegetable foods clearly proves that the country 1s deficient
1 10dine. The antithyrod effects of the commonly used foods in Minas
Geras have been examined by Lopes 2

Dr Lobo Leite,® #** who 15 the recognized goitre authonty in this area,
found an average rate of 44% in the town of Lafasiete {Queluz) and sur-
rounding rural distucts With the co-operation of school officials he
estabhshed a prophylactic centre for the purpose of distributing todized

late to the schoolchildren twice a week A rate of 449 at the begin-

ming of the scheme 1n 1940 had by 1942 declined to 27%,. These two years
of 1odine prophylaxis also had the effect of greatly improving the mental
alertness of the children. Many obtained hugher marks and a larger number
were promoted than before the jodine treatment was introduced. The
preventive dose was ten times greater than the calculated need, but there
were no harmful results.

Additional evidence of the goitre rate among the general population
n Minas Gerais 15 provided by De Paula ®7 and also by Pinto Viegas,*™
who found 252 records of thyroid disease among the case-sheets of 2500
miscellaneous patients 1n a doctor’s private practice—a rate of 10%.

Rio de Janeiro

So great 1s the mtensity of the endemic 1n the mterior of the State of
Rio de Janesro that nearly ail the inhabitants are affected and any person
without goitre is regarded as abnormal. In 1944, out of every 1000 persons
examined and treated by the Servigo de Endocrinologia e Polichnica
General, there were 387 with disorders of the thyroid gland (Peregrino 2%°).

Amazonas and the North-East

So far as we have been able to ascertain, no records of endemic goitre
n the Amazon area existed before 1956, About that time Lowenstein
became aware of the disease in the rubber-producing focality of Belterra, a
community established by Henry Ford in 1934 south and shghtly west of
Santarém on a plateau overlooking the niver Tapajoz, one of the largest
southern tributanes of the Amazon river, it lies about 500 miles west of
Belém. Here, 1n 1956, Lowenstein found dental caries and endemic goitre
to be without doubt the main nutntional problems 1n a sample of 84 familtes
(413 persons) he examined
One year later, Lowenstein made follow-up visits to 75 of his onginat
84 famihes to find that owing to higher wages granted in the intenm, and
ly affording 1mproved nutritional conditions, goitre rates had
markedly regressed Nevertheless, a level of 109 to 207 15 even now
characteristic of this settlement,
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Northern Europe
Tceland

Endemic goitee does not occur in any part of Ieeland, nor has it ever
been known to have occurred there; goitre in schoolchildren has never
bccn de(ccl:d :md even spomdxc cases of simple gotre are rare. But hyper-

halmic gortre, appears to be relatively frequent
(Sigurjénsson 22 2%). In short, whenever diffuse gmtrous enlargement of
the thyroid does occur 1 Jeeland it 1s almost always accompanied by
fhyrotoxicosis  Thus, of 50 diffuse goitres examined by Sigurjonsson, 38
were d with Gr: d disease, 10 werce cases of simple
hyperthyroidism, and only 2 were considered to be without definite symptoms
of thyrotoxicosis

The absence of simple 1odine-deficiency goitre 1n Iceland 1s undoubtedly
due to the fact that the 10dine intake of the population is high because of the
large consumption of fish and fish products. This leads to an unusually high
concentration of 10dine in the thyrotd and 1s the reason why in Ieeland the
human thyroid 1s exceptionally small

In the adult Ieelandic male the average thyroid weight is about 14 g and
m the female, 11 6 g. This 1s about half the accepted normal weight (25 g)
of the non-goitrous thyroid in other countries. Correspondingly, the average
jodine content per gram of dry substance is 4.01 mg in glands from males
and 343 mg n those from females. This 1s double the average rodine
content (2 mg per gram of dry substance) of normal glands from other
non-goitrous countries It 1s clear, therefore, that the rofal amount of
iodine in Icelandic thyroids 1s more or less the same as that found in normal
thyroid glands elsewhere, namely, from 8 mg to 12 mg.

Finland

Wahlberg %% 2* distinguishes four gontre belts 1n Finland, extending
northwards from the coast of the Gulf of Finland into the central part of
the country which has the most lakes The most easterly of these belts
starts 1n the neighbourhood of Vipur and continues north-eastwards
around Lake Ladoga and across the Karelian Isthmus. Farther west, the
second belt runs northwards from Miehukkala (St.-Michel) towards Jappild.
The third regton lies immediately east of Lake Pajanne and the fourth west
of it, Lake Payanne thus intervening between these two goitrous areas
There 15 a definite but not very severe endemic in Helsinkt (Jarvinen &
Leikola 212 28%) and a considerable number of cases occur on the Aland
Istands (Lamberg et al 2'*). Only the coast of the Guif of Bothnia and the
south-western part of the country he outside the endemic zone.

On the basis of statistics obtained from the medical examination of

military conscripts over a pcnod of tcn years, Wahlberg concludes that
meidence depends on )l The four
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belts of high frequency are in that part of the country which was not sub-
merged at the end of the Ice Age—areas which, compared with others,
have a higher calcium and lower 1odine content of soils and waters

The prevalence of goitre i Finland 1n relation to environmental 1odine
supply has been investigated by Adlercreutz,#%2% by Virtanen & Vir-
tanen,?” by Vilkki,?* and by Jarvinen & Letkola 2 With the aid of radio-
active 1odme, Lamberg and his colleagues have carrted out numerous
metabolic and diagnostc studies 1n vanous endemic goitre areas of
Finland 2% #4%, 260 Adlercreutz analysed a total of 74 samples of water
from 60 different places 1n Finland and reached the conclusion that, generally
speaking, there 1s a posttive correlation between the occurrence of goitre
and a low 10dine content of water He found several excepttons, however,
notably at Vetel, a town in the Department of Vaasa, where a water supply
contarning httle 10dine serves both a definite gorire area and 1ts non-goitrous
surroundings, and at Vartsila, where goitre 15 associated with a water of
high 10dine content Likewise, the observations of Lamberg et al. are
consistent with the concept that endemic goitre in Finland 1s due cinefly
to 1odme deficiency, although contributory factors, such as naturalty
occurring gottrogens and hereditary and constitutional defects, are also
operative. Jarvinen & Letkola touch upon the part played by abnermally
high calcrum and chlorine content of drinking water 1n the absence of
suffictent 10dine

The daily iodine intake from food and the utinary iodine excretion of
men, women and girls from gortrous and non-gortrous rural areas have been
compared by A 1. Virtanen and E Virtanen, thus:

Goytrous grea Non-gortrous are@
men  women gwls  men  women  gwls

Total 1odive in darly diet (ug) . 5 s s e s
Uninary 1odine (seg per hitre) 203 207 200 263 240 270

The recent study by Vilkk: ®* deals with the 10dine content of foods
generally consumed 1n Finland and, 1 particular, with the todine content
of milk from two contrasted arcas—namely, Turku, where the gortre rate
15 comparatively low, and Kuopio, where the rate s distinctly above the
average for the country. Milk consumed 1n the Kuopto area, where goitre
15 pI appr i 40% less todimne than milk from Turku,
where the prevalence is Jow. The average 10dtne ntake per person per day
from all food sources 15 about 50 pg in the high-goitre area and about
70ug in the area of low prevalence Thus, the mean rodine supply in Finland

is iderably below the mini level of 100 g per head per day recom-
mended by the World Health Organization
On the ion of the actual incid of goitre in Finland, Wahlberg

records that the endemic 15 responsible for 2000 operative cases annually
out of 2 population of 3% mullion. These account for 30 000 days of
hospital attendance and give nise to numerous cases of chronic heart disease
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For the purpose of assessing the goitre situation in Finland, 1000 consecutive
parturients and their 1015 children (15 twin pregnancies) were examined
by Hiilesmaa #° in the First and Sccond Women's Chinics at the Umversity
of Helsinki Enlarged thyroids were found 1n 141 of these 1000 women;
but if one includes the cases in which nodules (adenomata) were detected
1n non-enlarged thyroids, then the percentage of abnormal thyroids in this
series of mothers nises from 14.1 to 28 4, as the following tabulation shows:

Number of  Number with  Number witkout
cases nodules modutes

With goitee . . 141 91 50
Without goitre . 859 143 e
Totat examined 1000 234 766

QOf 1015 1nfants born to these 1000 women, 139 were found to have goitre

The high proportion of cases with thyroid nodules is considered one of
the chief characteristics of endemic goitre in Finland. Out of 952 cases of
non-toxic simple goitre examned by Jarvinen and Leikola *** at Helsinki
University Third Medical Clinic and 1n the medical wards of Kiveld Hospital
no less than 483 (51%) had one or more thyroid nodules, the smallest being
pea-size.

Mortality from coronary disease among men is higher in Finland than
tn any other European country. Statistics suggest that cardiovascular
symptoms are more prevalent in the eastern goitrous part of the country
than in the western goitre-free arcas. On post-mortem examination Uotilla
et al.® found that goitre was commoner, and the average wesght of the
thyroid higher, 1n 250 persons who died of coronary sclerosis than 1n 250
persons who died from other causes. They conclude that goitre and arterio-
sclcrusls may have a pathogenic rclauonshlp, poss:bly through hypo-

d and the overproduction of thy hormone by the
pitwtary gland. According to Roine et al.#9 this parallelism between the
geographical distribution of goitre and cardiovascular disease may be related
to the sigmficantly larger intake of 1odime, ascorbic acid, and vitamin E 1n
the non-gostrous west than 1n the gottrous east of the country.

Todine deficiency 1n arumals 1s frequently encountered 1n Finland
R. Moberg (personal communication, 1949) says that the deficiency 1s so
acute 1n the Karkkila district that saucers contaimng alcoholic tincture of
1odine are customanly placed under the rafters of stables and cow-houses—
a practice that 15 claimed to yield especially good results 1n overcoming
reproductive falures Haaranen % has compared the thyroid weights of
pigs from north-cast Finland, where goitre 1s prevalent, with those from
comparable animals reared 11 & non-endemic coastal area. The former were
more than double the weight of the latter. Peltola & Vartianen 9 were
unable to prevent or alleviate thyroid enlargement 1n catile from endemic
areas and consider therefore that 10dine deficiency 1n food 15 not the sole
cause of gottre among animals in Finland
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Goitre prevention throughout the whole of Finland by means of iodized
salt is strongly advocated by Wahlberg, Uotila & Turpeinen;®® but if this
15 not ble on such a large scale, it should
certamnly be apphied at once m the most sertously affected areas—namely
Tavastehus, Vupuni (Vyborg), St.-Michel and Kuopto. A companson by
Jussila 4 of goitre rates among schoolchildren showed that the frequency
had fallen markedly between 1928/29 and 1953/54 in areas where the
standard of hiving had nisen and 1n communsties reached by propaganda for
1odine prophylaxis No change was seen in poorer districts with a low
standard of living.

Sweden

According to Greenwald,* the first report of goitre 11 Sweden dates
from 1815 and refers to 1ts endemicity in and around Falun 1 Kopparberg.
Today the disease has a farrly widespread distribution clearly defined by the
exhaustive studics of Hojer.?® ¢ From Vasternorriand and the northern
and eastern parts of Jamtland the gortre belt extends southwards through
practically the whole of Gavieborg and all Kopparberg, except the
north-western tip, into Yarmland, Vistmanland and the northern part
of Ostergotland  The southern goitre area extends from the Ustergotland
plain nto the Counties of Jénkdping, Kalmar and part of Kronoberg

Goutre-free or almost goitre-free areas are the plains of Skane, Halland
and Vastergotiand, the district of Bohuslan and the plain of Dal, as well as
the slopes of the tableland lying south-west of the city of Jonkoping The
most northerly part of Norrland and the islands of Oland and Gotiand mn
the Baltic are also goitre-free

Hojer and his survey team examined 29 000 people n 180 different
places and found that, in the most severely goitrous areas, the goitre rate
averages about 25%; but that there are many places where 15% of the
population are affected  They concluded that i all Sweden there must be
not less than 300 000 people with goitre

An nteresting feature of Hojer’s investigation 1s the way i which he
has been able to correlate gottre occurrence with the topogmph:cal Ie of
the Jand  His fullest account 264 many expl: ketches and
diagrams showing the kimd of terrain 1n which gortre 15 most likely to be
found. Deep valleys with overhanging mountains, and areas at the foot
of large slopes, are notorious gortre grounds  Plaes and high plateaux are
less affected.

In so far as Norrland rivers are concerned, Hojer confirms McCarrison’s
thests that goitre frequency gradually 1ncreases along a river valley as one
passes from the spurce of the river to its mouth. These north Swedish
rivers nise 1n goitre-free regions, pass through areas of sporadic occurrence
and eventually flow into lands of considerable gollrc intenstty. In south
Sweden, however, matters are quite the reserse. It is true that the Emén
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river runs from end to end entirely through endemic goitre arcas, but
in the case of the Svartin and Stingin rivers, goitre 1s more prevalent
in the upper reaches than in the lower. Simitarly, rivers in the County of
Blekinge, and those of Halland, flow from goitre areas into districts almost
goitre-free,

According to Hajer's observations, wherever the prevalence of human
gottre in Sweden 1s hugh, say, from 15% to 30%, onc may almost certamnly
expect to find goitre among domestic animals—horses, cows, sheep, dogs,
and cats. Whete goitre 1s of sporadic occurrence, Hijer occasionally saw
domestic ammals affected, but in goitre-free districts he never found any
goitrous ammals
Toxic goitre is not unknown in Sweden. As might be expected, its

ibution closely corresponds to that of simple endemic gontre (Sall-
strom *%7), This is in accord with experience in many other countries. As
regards cretinism, Hojer found about one case among every hundred per-
sons in districts where goitre is endemic. A special study earried out in
southern Sweden on the extent of mental deficiency in districts with varying
degrees of goitre shows that mentaf defici with §
prevalence of gotre,

The iodine content of mulk from various districts tn Sweden has been
determined by S)6strdm.2? His results lend support to the jodine-defictency
theory of goitre causation, Sjdstrom *** also determined the amount of
iodine 1n water samples from sixty of Sweden’s major water works; in this
mstance, however, he did not correlate the resultant data with goitre
prevalence

Prevention of goitre by 10dized salt 1s officially recommended in Sweden
and instructions on how to obtain and use the sait have been airculated by
the Royal Medical Department to all public health admimistrations and
mumcipal medical officers

£

Norway

The most goitrous dustricts of Norway are found m a belt extending
from the intersor of Telemark County north-eastward for about 120 nules
nto Hedmark County where the country around Lake Mjosa 1s particularly
affected Long recognized as goitrous, this zone was surveyed by Johannes-
sen ¥ 1n 1891 He tried to relate gortre occurrence with geological con-
formation and mentions strong endemicity n the country surrounding
Tynfyord, Randsfjord and Mjosafjord, and mn such places as Lier, Modum,
Ringerike and Toten

Kilostad,”* in a survey carried out 1n 1921, found a great deal of goitre
among schoolchildren 1n towns 1n central Telemark In some places the
rate was 80%, 907 or even 1005, Typical percentages, for girls and boys
respectively, were Bo, 45 and 55, Sanda, 74 and 96, Brunkeberg, 38 and
25, Flatdal, 55 and 44, Krokan, 29 and 80; Sandnes, 56 and 42; Utboen,
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ASand 57 Itis mteresting that in several of these places the goitre rate was
Tugher in boys than 1n girls; but the over-all figures for 537 girls and 510
boys tn the Holla, Lunde, Bo, Seljord and Kwiteseid areas were 57.5% 1n
guls and 55 8% in boys.

Studies by Nicolaysen 2 29 and by Lunde 282 refer to goitre
among schoolchildren 1n towns bordering the Oslo Fjord and in the neigh-
bouring area of Sandsvaer just south of Kongsberg. At Vittingfoss, for
example, the rate was 55, at Berg 38%, and at Komnes 40%,. Consider-
ably farther north, Nicolaysen found goitre i isolated districts throughout
Gudbrandsdal 1n Opland and Osterdal in Hedmark.

On the west coast of Norway cretinism occurs n the area immediately
north of Bergen and south of the Sogn Fjord (Skaar #1). North of the Sogn
Fjord the prevalence 1 relation to environmental 1odme supply has been
studted by Iversen, Lunde & Wilfert.? At the isolated village of Veite-
stranden 1n Sogn 709 of the 500 inhabitants were found to be gortrous.
Not far distant, the district of Vik in Sogn 1s goitre-free.

More recently, Devold & Closs ¥ carried out a goitre survey in the
district of Forsand near Stavanger. In this area goitre prevalence and
thyroid size increased with distance from the sea, from 19.8% in men and
299% m women 1n the group nearest the sea to 35 9%/ in men and 62.3%;
in women 1n the group farthest up the valley. Noteworthy was the finding
that consumption of fish by the people decreased as distance from the sea
ncreased

Denmark

The older hiterature repeatedly states that Denmark 1s free from endemic
goitre  More recently, however, 1t has been shown that certain parts of the
country have localized accumulations of goitre cases, not severe perhaps,
but sufficiently noticeable to warrant medical attention and the need for
preventive action  Thus, n 1933 Dalsgaard-Nielsen 2 discovered a com-
paratively Iarge number of goitres 1n Bedsted-Lo, a small panish in South
Jutland Iying between Aabenraa and Leogum Kloster. On more closcly
examining 40 unselected goitres 1 this area he found **¢ that 23 were
hyperthyroid, 6 were hypothyroid and 11 did not show any specal
characteristics.

The gottre problem m Denmark was subsequently elucidated more
thoroughly 1n a comprehensive monograph by Rosenquist 2** who investi-
gated the endemic arca along the river Gudenaa between Silkeborg and
Randers, particularly the district at Gern and Svostrup. He compared the
prevalence at these places with that in the goitre-free district of Sneybjerg
some 30 miles farther west, The percentage rates were as follows:

Moles Females
Snejbjerg (gortre-free} . 08 55
Gern (goitrous) . . . . 57 184
\ Svostrup (goitrous) . . . 122 302
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1n the two goitre Sistricts (Gern and Svestrup) 2 total of 2433 persons were
examined of whom 363, or 1499, were goitrous. Forty-x. oo {277, of
these 363 geitrous people showed symptoms suggssase of tovue goite.

Meuknzracht =7 and Iversen ™5™ Rave shown thar thyrotoucosis
increased noticenbly 17 Denmark during the Second World War. Meulen-
gracht’s evidence, denved from records of kospral adamsions, shows that
2 gradual nse ia the pumber of caes of thytotodvests duneg the period
193341 was followed by 2 scdden epward jump i {942, Tee comber of
cases seen in hus owe clime rose from 34 in 1941 o 118 12 1947 Moulen-
gracht copsidersd possitle statistical fallacies wn the returns, but corcluded
that both the steady rse between 1933 and 1541 and the ahrupt ioorease
in 1942 were real phenomera, though prokably mdependent He could
rot find any explanavon for the rise; the 1932 ™ eprdiemuc ™ could not be
ascnbed o the emotonal disturbazces of war, because 1z the kntonies of
his patients ke could fizd ro abnormal occurrence of mental enses. Further-
more, there was apparently o cofresponding meredse 1 thyrotouconts
in reizhbouring countnes mvolved iz the war.

Iversen,™ ™ who greatly amplified and extended Meuwfengracht's
original observations and brought the matter up to 1847, confirms that the
warume ocrease iz thyrotoucosss tn Denmark was a rzat one and got
stmply the reszlr of better duagnosis. His fzures relaung to the aty of
Copenhagen are pyven o the tabulation below  They revent a slow merease
1 inciderce from 1938 to 1941, a2 sharp nse beginnng ta 1942 and reachung
2 peak in I1%43-44, and a falking-off to 1947, when the mate was practcally
the same as 12 [939-30.

Year Cases per 1) X0
of papulason
1938 o it
1939 23
1930 23
1941 i
1942 .. R 7
1943 o
1542 83
1945 . 52
1944 3
1947 .. 2t
The psychologicat effects of the German occug are not keld re: 1

for the sudden change tn prevalence because the behaviour of the m\ aders.
durisg 1941, when the nse i thyrotoucosis began, was comparatrvely
mild and there was no further nse in 1942, when condutions became much
more etacting. Moreover, during the same period, the incidence and
severity of touc goitre tended to decreasz 1 Belgium and the Netherlands.

while in Norway a small mcrease in incidence during the early stages of the
German occupation was followed by a fall.

<
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Iversen pomnts out that wartime changes in diet may have played some
part and m tlus connexion puts forward the following interesting theory,
although without proof Before the war large quantities of soya-bean-oit
meal were imported nto Denmark for feeding cattle. These imports were
greatly reduced in 1940 and ceased entirely 1n 1941 and subsequent years.
Soya bean 15 well known to contain an anti-thyroid factor which, when
soya 15 normally used as cattie-feed, might find its way mto cow’s milk
and thus supply the human population with suffictent anti-thyroud factor
to keep down the incidence of thyrotoxicosts. If this were true, cases of
thyrotoxicosis would tend 10 increase in number when, as 1n wartime, the
supply of soya bean with 1ts content of anti-thyroid factor was cut off

These speculations find some support from what 1n fact were the very
opposite expenences of Belgium duning the war  Here, not only was there
no wmcrease in the absolute number of cases of toxic gotre, but the severity
of exssting cases appeared to decline  Side by side wath this was an increase
i the madence of simple goitre In explanation of these
Bastenie,®* who made the observations, points out that duning the war
the Belgian people tended to eat more and more vegetables of the Brassica
genus—cabbage, kale and the fike—which contain anti-thyroid substances.
I the increased sumple goure in Belgum was in fact of the “ cabbage ™
gontre type, then a reduction in severity might be expected 1n cases of toxic
gottre on the same diet. The opposite effects might therefore be expected
1f anti-thyrord compounds were withdrawn from the diet. Such, it 15 posta-
lated, was the case 1n Denmark during the war.

Estonian SSR, Latvian SSR and Lithuanian SSR

There does not appear to be much goitre in the former Baitic States
Adetheun’s data for Estoman schoolchildren are quoted by McClendon ¢
and show a goitre rate of less than 05% n the four districts Hapsalu,
Tallinn, Rakwere (Wesenberg) and Paide (Weissenstein). A later survey
by Ucke *7 confirmed that there 1s httle goitre in Estoma.

Goitre occurs 10 some districts of Latvia. Here, the special morpho-
logical charactenistics of the disease have been described by Minskn.2® #*

The sodine content of Latvian waters in refation to the distnibution of
goitre has been studied by Kupzis 2% 2 In pencral, where the disease 15
known to be absent or infrequent, as at Kemen, Mitau, Sifupe, Riga and
the surrounding coastal districts, Liepaja 1n the west, and Wolmar 1 the
north, waters contain between 2 pg and 15ug of iodine per litre. In contrast,
jodine contents of 0.1 pg to 2ug are found 1n areas farther mtand where
goitre is of common occurrence—namely, Zesvaine, Madona and Prickule.

Theses by Justus P2 and by Lewin,™ published i 1913 and 1928 res-
pectively, refer to the accurrence of goitre 1n Komgsberg (Kaliningrad) §ncj
other neighbouring towns in Lithuania and what was formerly East Prussia,

@ Now part of Poland
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notably at Memel (Klaipeda), Braunsberg {Braniewo), Lyck (EiK), Allen~
stein {Olsztyn), Neidenburg (Nidzica) and Osterode (Ostroda). Prevalence
was mild, being about 5.78% in girls and 3.08% in boys. Modern data on
gotre in this territory are Jacking.

Netherlands

The first reliable goitre statistics from the Netherlands were those of
Brand,* for whom the war of 1914-18 provided an opportunity to examine
46975 mobilized servicemen from all parts of the country. He found that
10% of men from the Rhine-Maas area in the centre of the country had
goutre, whereas only § 4% of those from the Province of Gromingen in the
north were affected.

Subsequently (1924), the Central Board of Health of the Netherlands
Government set up @ specal commission to study the goitre problem 1n
greater detail and to advise on appropriate measures to remedy a sitnation
which had app Iy been getung ity worse during the previous
25 years This commussion—composed of clinical men, chemusts, patho-
logists, bacteriologists and other experts—reported 1n 1932 on the examina-
tion of 34 000 chiidren and adults in schools and factaries.®#

These new statistics for the most part confirmed Brand's distnbution
data of 15 years earlier and, as a result, a very detailed goitre map of the
Netherlands has been made Broadly speaking, the eastern, central and
southern parts of the country are prone to be gortrous, whereas the western
and northern regions are almost free from the disease.

Immediately to the east of the Zwider Zee a considerable incidence has
‘been found 1n such places as Wolvega, Steenwijk, Hoogeveen, Meppel and
Kampen. At the south end of the Zee goitre occurs among the people of
Harderwyk, Hilversum, Bussum, Naarden and Weesp Towards the eastern
fronuier the 1ncidence 1s liable to be high 1n Emmen, Koevorden, Almelo,
Enschede, Diepenheim, Boekelo, Winterswyk, Aalten and Doetinchem,
Centrally, hugh figures were found among schoolchildren in the Betuwe
(“rnver ™ area) at Tiel, Wamel and Leeuwen, and at Hoven, Amhem,
Ede, Renkum and, parncularly, Kuilenburg, Gorinchem, the Krimpen
area and Breda In the extreme south and south-cast of the country the
survey revealed goitre 1n Roermond, Eindhoven, Roosendaal and Bergen
op Zoom, and on the western seaboard 1t has been found at Hillegom,
Lisse, Sassenheim, Noordwyk and Warmond.

Places which are goitre-free, or have a neghgible prevalence, are Assen
and Gronmingen 1n the north, Zutphen in Gelderland, and Gouda and
Barendrecht 1n the western part of the country  ¥n a recent nutntion survey
of Ijssefmonde, goitre was encountered occasionally by Kaayk. 3

An interesting study of gostre 1n the south-east corner of Friesland has
been made by Pasma 3" %8 He refers particularly to the mumapality of
Qoststellngwerf, where 40% of the children were found to have thyroid
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enfargement In the same area goire 15 common at Weststellingwerf and
among very young children at Wolvega., Pasma observed that the intel-
fectual fevel of the affected children was much below that of children who
were gottre-free Conditions 1 south-east Friesland are in marked contrast
to those n north-west Friesland, which is entirely non-gostrons

As part of the work of the Goitre Commussion, Dr J. F. Reith, of the
State Institute of Public Health at Utsecht, carned out a large number
of anatytical studies which prove conclusively that deficsency of iodine in
the dnnking-water 1s the cause of goitre i the Netherlands.3%4. 23 The
nverse relationslup between the goitre rate and the iodine content of
drnking-water s clearly secen in the tabufation below, which shows the
percentage of goitre found among schooletuldren in various towns and the
content of todine 1n the water %0t

Gatere rate Jodhme Gowre rare | Jodne,
CQ fgper hured G fugpentitre)
Hoogeveen 66 36 Harderwigk 45 23
Renkum 58 13 Doetinchem . . . 44 24
Roosendaal 55 1s Kampen 41 09
Alemio 53 30 Steenwpk . . . 36 11
Gonachem 52 30 Bergen op Zoom 3 11
Arnhem 30 10 Meppel 2 11
Kutenburg . 30 16 Zutphen . 9 363
Ede 48 25 Gouda 6 698
Breda 47 17 Barendrecht 0 892

On the basis of their mvestigations the Goitre Commitssion reached
the conclusion that, on an average, the daily intake of iodine from food and
water was deficient by 80 . per head of population  Accordingly they

ded that dnnk ter m goitre regions should be fortified
wnh potassium todide so that each individual would receive approximately
80 pg of additional 1odine per day The per capur consumption of tap-
water m prepared food and for drinking purposes was estimated to be
1.5 htres dasly. It was therefore decided to raise the rdine content of
tap-water by 50 ug per litre

The rodiang tnstallation used by the mumcipal water departments

d of a glazed-st mung: 1 which 100 hares of 2 95 or
1%, solution of potassium jodide were prepared. The addiion of this stock
solution to the main reservorr was achieved by means of a regulated
dropping-needle, and the raised 1odine content was checked by periodical
analyses

The Netherlands is the only country where gortre prophylaxis by iodized
water has been successfully applied for any length of ttme on 2 large scale
1n the hands of the Netherlands avthorines 1he method has yielded resufts
which compare favourably with those achieved in other countries by jodized
salt. For example, at Kutlenburg a rate of 40% among children in 1931 had
declined to 18 by 1937,ta 14%, by 1939 and to 4 %, by 1941.
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Unhappily, plans to set up additional sstallations to supply iodme-rick
tap-water throughout the country had to be abandoned on account of the
1939-45 war indeed, the Germans stopped this form of prophylaxis
enuirely and it has never been revintroduced.  As an ahernative, the public
health autharitics advocated that all salt used for making bread be wodized
i those pati which had previously apphed the 10dized-water
method of prophytaws. Accordmgly, a decree came into force in 1942
making 1t compuisory for bakers in those particular mumeipalities to use
only jodized salt—the so-called * Jobroze ". Wnitmg i 1952, De Jossehn de
Jong ¥ states that Jobrozo (which contatns 1 past of 1odiae w 33 000 parts
of salt) s now used compulsonly for bread-making in 260 communities.
Onginally Jobrozo was hat more expensive than salt; but
the Royal Netherlands Salt Industry now produces 1t at the same cost. The
results of this method of preventing godtre i the Netherlands have recently
been described by Hipstey,* who has mtroduced the method in Australia

Wiate officiatly controlied prophylaxss, first with 10dized tap-water and
tater wath bread salt, was gradually being apphied town by town, a hvely
public awareness of the goitre problem became evident, and places not at
once covered by the official measures began to sntroduce vanous uncon-
trofled prophylactic procedures of their own To regulanze these independent
activities the Royal Netherlands Sait Industry put on the market an wodized
saft, called “ Jozo ", for general use. This contamns 1 part of potassum
sadide 1 200 600 parts of salt, and between 1932 and 1951 ts production
tose {rom 520 000 kg to 10 million kg

All the most up-to-date information on endemic gontre in the Nether-
{ands, including the results of preventive measures, has been brought
together recently (1959) in a p volume published by the
O ion for Health R 1 under the authorsip of Pasma, Terpstra,
de Wi, Kroes, & Langeveld.®* The mun conclusions from this remarkable
survey deserve bricl meation

of large of schoolchiid from all over the
country shows that, apart from icipahties whete 1odine prophylaxis has
brought about a decrease 1n gowtre rates, only a few localities are goitre-
free, namely, Zutpher, Gauda, Amersfoort, *s-Hestogenbosch, Barendrecht
and Moordrecht Tt 15 stated that m these places absence of gonre is due
to the fact that there 15 a sufficiently high jodine content in the tap water,
the level being more than 40 ug per Itre  The remaining parts of the country
stilt exhibut goitre 1n varying degrees of intensity. For instance, low rates
are seen in the provinee of Zeeland; very high rates m the Gelderse Ach-
terhoek.

Results of the Nethetlands survey support the view that todine defictency
1 the primary cause of endemic gottre in the conntry Food 1s the most
important natural source of sodine, drinking water raaks second, and, if
the iodine content 15 high, may be the decisive prophylactic source of the
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element Proximuty to the sea 1s of no practical consequence. In test subjects,
thyroid uptake of radioactive 1odine 1n an endemic area was avid and
rapid, 10, 311

Medical examunation of children with and without goitre (but com-
parable 1n regard to age, sex and social class) revealed a better nutntional
state m the gortre-free group; onset of puberty is on the whole a year later
1n goitrous than in non-goitrous children, systolic blood pressure is signifi-
cantly lower m goitrous children, and in the itellectual and emotional
sphere, gortrous children are at a disadvantage compared with their non-
goitrous counterparts

The Netherlands goitre campargn 1s a model of what can be done with
determimation and efficient management to rid a country of this disease.
Within 20 years the youngest generatton—children below 5 years of age—
has been freed from the menace of goitre; serious cases are no longer
observed among aduits, the prevalence of moderate thyrord enlargement is
decreasing steadily, and no harmful consequences of rodine prophylaxis
have been reported (De Josselin de Jong 301),

This account of goitre 1n the Netherlands would be incomplete without
mentron of the recent mvestigations of Binerts, 2. 2 who, building upon
the earlier studies of Brouwer and Wiertz, has clearly shown that as one
passes from severely goitrous areas through mildly gorrous areas to regions
where there 1s no gortre, there s a corresponding nise in the 10dine content
of the cow’s milk collected

Eastern Europe
Poland

Practrcally the whole of the south of Poland 1s goitrous The discase
occurs with high intensity mn the Vowvodship of Krakéw, in Lower Silesa,
and all along the northern slopes of the Carpathian Mountains westward
1nto Sudetenland. In these parts the gortre rate 1s always about 109/ and
m some Jocalities—notably n the My$lenice and Nowy Sacz districts of
Krakéw Vojvodship—rises to 40% or even 602 (Hauke; ¥ Samelson; %
Chodzko & Tubiasz; ™1 Tubjasz, 2 3 Nowakowski %), In 1953 Czyzewskt
et al *® examined 6000 people in Lower Silesia and found pronounced
thyroid enlargement i 17.8% of 3195 women and 1n 9 8% of 2805 men.
Krél & Stylo32 found 382 of cases among the 48 774 persons they exa-
mined in the Vowvodshup of Krakéw in 1957,

Gottre 15 also endemic 1n central and eastern Poland, in such places as
Poznan, Zielona Géra, Krotoszyn, Leszno, Kalisz, £.6dz, Warsaw, Kielce
and Lublin, Here, the prevalence, although significant, 1s somewhat lower
than in the south, being 139 in districts around Poznar and 2174 to 2897
at Krotoszyn (Czyzewskt & Falkiewicz ®1%), The disease is not endemic 1n
the Voivodship of Bralystok in the north-cast of Poland where Karbowski hetd
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examined 3421 men, women and children during 1953-1957. Nevertheless,
Karbowshi adwses the application of 10dine prophylaxis as a safety
measure,

Surveys are now in progress at Gdask, Sopot and Gdynia on the Gulf
of Danzig, and at Koszalin somewhat farther to the west, to ascertain
whether gostre 1s of current public health significance 1n the northern section
of Poland Intcrest will centre on whether the findings confirm those of
Liek 3335 published between 1925 and 1929 that goitre does in fact occur
1n this area, albeit without great sesenty. Incidentally, Lick 1s one of those
who reject the * jodine-lack ™ theory of causation.

Before the 1939-45 war a Natonal Gotre Committee was established to
collect statistical data and to apply prevention by 10dized salt—a measure
mtroduced 1n the Vowvodship of Krakéw on 1 January 1935. The results of
this commuttee’s work, available in papers by Tubiasz 3 and Heller,’®
show that an average rate of 17 6% of goitre among military recruits in
Krakéw Vowodship over the five years prior to salt 1odization was reduced
to 2% by 1938, that 1s, after three years of 1odized-salt prophylaxis, This
rapid and marked decrease in the goitre rate occurred with a salt rodized
at a level of 1 1n 200 000 and only sn districts where the salt was employed
Tt was not observed elsewhere.

Post-war mvestigations have established that the distribution of goitre
1n Poland corresponds m general with that prevailing before the war, but
the intensity of the disease has increased The endemic 15 severest in the
south, and individuals who have left goitre-free districts to come to live in
Lower Silesia are known to develop goitre there It appears, too, that a
hitherto unknown endemuc focus of considerable intensity exists 1n the
region of Poznan. According to Heller,*® the nsc in goitre incidence in
Central Europe {a similar increase has been found 1n Germany) was to be

d owing to q ve and qualitative defects of diet duning the war.
He also attributes the nise to changes in fertiizer practice. In former times
Chilean nitrate of soda, which contains a significant proportion of 10dtne,
was extensively used in Poland; 1t has now been superseded by synthetic
mtrogen fertihzers contatning no 1wdime  Another contributory factor is
said to be the cessation of kelp-burning for 1odine on the coast of Brittany.
Considerable volumes of 10dine vapour from this source were carmed inland
by the prevailing winds, and Heller estimates that at one time about 14 tons
of atmospheric 10dine annually fell in rain on to Central European soils.
The validity of this 1s fully d 1n the Geocl: y of
Jodine 312

The increased post-war sevenity of the disease has prompted the Minustry
of Health to institute a preventive campaign on a national scale, and
Provincial goitre commuttees have been set up in Krakéw, Lublin, Poznas,
Warsaw, Ka}ownce, Rzeszéwa and Kielce, with the duty of mapping the
extent of goitre in Poland and orgamzing the distnbution of iodized salt.
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Todized salt was re-instituted in the Vowvodship of Krakéw in 1946 and was
introduced for the first time in that of Wroclaw n 1949

To make it possible for just compansons to be made of results from
different districts, the Ministry of Health have recommended the adoption
throughout Poland of a umform scale for measuring the degrees of goitre.
A modification of the classifi of Nowakowski is favoured—namely,
group 1, in which the enlargement is less than half the size of the fist of
the person cxamuned; group 2, visible thyroid enlargement equal to half the
size of the indwidual’s fist; group 3, enlargement equal to the size of the
individual’s fist; group 4, enlargement greater than the size of the indwvidual's
fist.

A unique feature of the Polish p ign 1s the proposal to
transfer for a time all pregnant women and small children from endemic
valleys to higher localities where goitre is non-evustent  This “ settlement
operation ™, as it 1s called, 15 based on experience in Switzerland, where as
long ago as 1849 1t was found that children transferred 1n this manner did
not develop goitre to such an extent as those who had not changed their
habitation

An evaluation of the jodine prophylactic programme in Lower Silesia
has recently been made by Czyzewski et al 3%

USSR (excluding Estonian SSR, Latvian SSR and Lithuanian SSR)

In point of goitre distnibution, the vast terntones compnising the Union
of Soviet Socialist Republics may conveniently be divided 1nto three sec-
nions—European, Caucasian, and Asiatic

European section

In the European section eastwards as far as the Ural Mountains, which
form the natural physical boundary of Europe, goitre occurs endemucally
1 several places  To the north-west numerous cases are found on the eastern
shores of Lake Ladoga and in the area between Lake Ladoga and Lake
Onega, particularly 1n the valley of the nver Oyat and throughout the
dsstrict of Olonetz. This focus may be regarded as an extension of the
Finnmsh endemic

Byelorussia (White Russia) exiubits goitre 1n and around Minsk, and,
farther south, in the marshy low-lying country draned by the Pripet and
the Beresina nivers where about 209 of the schoolchildren are sufferers,
but there 15 no cretimsm The Ukraine has several goitrous localities,
notably at Chernigov n the north-west and at Sum, Kharkov and along
the Tim river nearer the centre. South-eastwards from Kharkov there 1s
goitre 1n the industnal distnet of Lisichansk-Rubezhansk.

The higher mountamous country towards western and south-western
Ukraine bordening on Poland, Czechoslovakia and Romania 1s severely
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Batum itself there 1s an ntense focus in the mountanous districts of
Adzharistan,

In 1938, Gelovani %% reported what was then a new endemic locality
in Letshkhoom, an upland area of Georgia bordening on the lower part of
Svanetia Here, 529 of the people suffer from goitre and there is much
cretinism  The water-supply of Letshkhoom willages 15 derived from
shallow wells, to which the larger domestic ammals also have access, and
which have been proved by chemical analysis to contarn little or no rodine.

In central Caucasia there is a goitre focus in the valley of the niver
Aragwa in Georgia north of Tiflis At the east end of the range 1n the
vicinity of the Caspian Sca there are centres of goutre at Gumbsk and Laksk
in Daghestan, and near Shemakha 1n the Republic of Azerbaidzhan west of
Baku. Goitre occurs also in the extreme south of the Caucasian region,
particularly at Ordubad where the provinces of Nakhichevan, Armenia and
Azerbaidzhan adjoin  The overall goitre rate at Ordubad 1n 1959 was 28.89;
(Alikishibekov %),

Asiatic section

Eastward beyond the Caspian Sea, over the great Kara Kum desert and
through Turkmen, there lie the Republics of Uzbek, Tadzhik and Kirghiz,
which together encompass one of the most notorrous goitre areas of the
world In Tadzhik an mverse rel hip has been found between the
prevalence of goitre 1n certawn districts and the amount of 1odie present
local foods and water Experiments to control goitre by the 1o0dization of
bread have been undertaken 1n these localities

The central Asiatic endemic begins at Bukhara and Samarkand and
reaches 1ts greatest intensity 1n the Region of Ferghana (Kirghiz), especially
1n the Chatkal Mountains, around the towns of Tashkent, Kokand,” and
Andizhan  To the south of this area, abutting on the extreme north of
Pakistan, lies the Pamir plateau, where mn some valleys—notably that of
the nver Wany which flows into the head-waters of the great niver Oxus
(Amu-Darya)—the entire population without exception 1s said to suffer
from goitre The gouitre endemic of Ferghana and the Pamur plateau s
continuous with that extending south-eastwards through Kashmir and the
Himalayas

Grouped with the Ferghana focus 1s the endemtc found throughout the
mountams of Semirechensk in “ The Land of the Seven Rivers ™ between
Lake Issyk-Kul m the north of Kirghiz and Lake Balkhash in Kazakh
(formerly Turkestan) It was i this part of the world that Marco Polo
saw goitres when on his famous travels from Venice to the court of the

Grand Khan 1n Chma about the year 1275 After passing through the high
Pamirs he came to the Chinese provinces of Kashgar and Yarkand at the

@ Kokand ha been described a3 * a ity of cretms * (Brar med J 1905, 1, 34)
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goitrous in many parts, An extension of the Polish endemic is found at Lvov
and 1n the Regton of Volhynia, where the disease 1s reported to be mainly of
the hyperthyroid and large collord type, accompanted by considerable dental
cartes and severe disturbances of the circulatory and digestive systems.

Farther south, the Carpathian mountains carry the malady from Czecho-
slovakia and Romania into the West-Ukrainian areas of Stanislav Bukovina,
Chernovitskaya, and northern Moldavia. Immediately to the south of
Chernovitskaya there 1s a zone of huigh prevalence (56.5 %) 1n the Vaskovskij
district along the foothills of the Prut-Siret watershed. Here, the drinking
waters contain an average of 0.55 ug of 10dine per hitre, whereas throughout
the Kelmenecky district 1n the neighbouring Prut-Dniester watershed to the
east, the local drinking waters contatn 2 15 pg of iodine per litre (Shvetz 1)
and, correspondmgly, no goitre is seen

Another goitrous regron in the European section of the USSR les to
the north-centre, relatively close to Moscow. The areas affected are to the
north-east of Moscow at Yaroslavl, Kostroma and Ivanovo, and to the
south at Serpukhov, Ryazan, and along the niver Oka which drains part of
the Central Russian Uplands

Proceeding eastwards towards the Ural Mountains one crosses a belt
stretching from Kirov in the north to Saratov in the south. In the northern
part of this belt, goitre 1s found on the Vyatka river near Kirov and in Mari
Region between Gorks, Chuvash and Kazan The adjacent province of
Tatar 1s also goitrous Farther down the Volga basin goitre occurs in the
regions of Alatyr, Ulvanovsk, Penza, Kuznetsk, Syzra and the lower Volga
town of Saratov The valley of the niver Sok and the neighbouring area of
Kubyshev (Samara) east of Syzra are also reported to be goitrous.

In the main cham of the Urals goitre 1s found at vartous places, but
particularly in the centre, on both the western and eastern slopes. The
valley of the river Sylva and the nearby towns of Perm (Molotov), Debessy,
Kungur, Krasnofimsk and Birsk are the chief seats of the disease on the
western slopes. On the Stbenan side, Sverdlovsk and Chelyabinsk are the
principal goitre regions of the central Urals

Caucasian section

In the Caucasus, centres of goitre and cretimism are found all along the
southern declivities of the mountains In the north-west, the valley of the
Kuban nver, which flows westward through the Terrtory of Krasnodar to
enter the Black Sea just south of the Sea of Azov, is stated to have a goitre
rate of40/4 among the female population. High rates are also found in the

djoining areas of K haevsk and Kabardino-Balkarsk, cspecrally
amund the Elbrus group of mountains.

In Gruzia (Georga) the valleys of the nvers Ingur, Adzharis-Tskhali
and Rion, which flow near Kutaisi into the eastern end of the Black Sea
north of Batum, are well-known goitre areas, and n the nerghbourhood of
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clucidate whether incidence 1s related to excesses or deficiencies of mineral
elements in the local soils, waters and foods. These climical and geochemical
suneys amply support the rodine-defi theory of ton, a conclu-
sion with which all investigators, although maybe working n areas widely

T d, are ly and p ly 1n ag As a
consequence, organized preventive measures have been instituted under
government auspices 1n almost every part of European and Asiatic Russia
where goitre occurs

One or two salent features of this All-Union effort desene mention
here:

Several mvestigators hase been preoccupied with the environmental
relationship between high manganese and low iodine. At the Kazan
Medteal Institute 1t has been found that in ordinary foods a lugh manganese
and a low ascorbic acid content goes hand in hand with a high incidence of
endemic gontre Swmlar research in the adjacent Fatar Region has estab-
lished that a high soil content of manganese occasions a reduced content of
10dine 1n the soil, thereby leading to goitre occurrence (Kamchatnoy 3. 367),
Gurevich 3339 reached the same concluston from his studies in far-
eastern Pnmorsk

As regards absolute 10dine content of soils, waters and foods, Shul-
pinov ¥ found m Man Region that dry soil mn areas of high endemicity
contamed 122 2 ug, tn areas of moderate endemicrty 267.8 pg, and 1n areas
free from goitre 1597 pg of 10dine per 100 ¢ The 1odine content of
the potato 1n highly endemuic areas was only one-thirtieth of that of
potatoes grown 1n non-goitrous areas Savchenko,$. 4% who has made an
“10dine map " of the Ukraine, found that the prevalence of endemic gostre
was greatest when the 10dine content of water did not exceed 1-2 pg per
litre, moderate when water contatned up to 2-3 pg per litre, and low when
the level reached 3-4 g per hitre

Results of 10dine prophy are d by many observers
Bergman 3% testifies to their effectiveness in Transcarpathia. A re-survey of
the Sverdlovsk region m the years 1957/59 revealed goitre rates one-fifth to
one-third of those prevailing 1n 1929/31 when 10dine prophylaxis was first
mtroduced  After five years of systematic treatment with 1odized salt
{1952-1956/57) 1n the Stamslav area, goitre rates fell from 10.9% 10 69%in
the whole poputation, from 29% to 15% 1 expectant and nursing mothers,
and from 17% to 11% among schoolchildren. The beneficial results of
long-term 1odine prop p ding over 25-30 years,
have been documented by Nikolaev*® for Russia as a whole, and by

Mamedov and Oredzhiev 37 for the Caucasian republic of Azerbaidzhan,

in the all-embracing biogeochemical studies carried out m the USSR,
animal goitre has not been forgotten Few countries can boast a map more
detailed and comprehensive than that prepared by Koval'sky 37 showing
areas in which deficiency or excess of mineral elements in the soil may affect
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extreme western end of the Takla Makan desert in Sinkiang (Chmese
Turhestan) Writing of the people 1n Yarkand, Marco Polo % says: “ They
are 1n general afiicted with swellings in the legs, and tumours in the throat,
occastoned by the quality of the water they drnk ™ The leg swellings were
due to elephantiasts

Elsewhere mn the Asiatic sectton there are three major goitre areas These
Ire 1n the south of central Sibena, one at the head-waters of each of the
three great parallel northward-flowmg Siberian nvers—the Ob (or Obi),
the Yenses, and the Lena

Praceeding from west to east, the first of these three dustricts extends
from the Altar Mountains, at the north-west corner of the Mongolian
plateau, northwards to the town of Tomsk The endemic is especially
severe i the mddle and west Altay, that 1s, in Qyratsk, and covers the area
of the sources of the rivers Ob, Bya, and Katun 1n the east Altar district of
Kusnetz

The second focus hies 1n the upper basin of the Yemser and centres
round Tulunsk, a town on the trans-Stberian rarlroad midway between
Krasnoyarsk and Irkutsk. The niver Uda flows northwards through goitrous
regions at this pomnt  Somewhat to the south-west of Krasnoyarsk the
disease 1s nife in the Khakassia region where 1t has been a special problem
among children and adults on the stte of the Abakansk raiiroad construe-
tron  Sull farther east one encounters a considerable endemue around Lake
Baikal and the head-waters of the river Lena. Here, in the neighbourhood
of Irkutsk, about half the population are gostre sufferers In the middle
reaches of the Lena a gotre belt stretches for more than 600 miles from
Kirensk to Yakutsk.

East of Lake Baikal, in Buryat-Mongol and Chita (formerly Trans-
Baikalra), goitre 1s found 1n two more or less circemscribed areas—one m
the district watered by the niver Chilok, which flows into the south-gast
end of Lake Baikal, and the other on the eastern stopes of the Yablono
Mountains, particularly at the town of Nertchinsk and at the confluence
of the Shilka and Argun with the Amur, tivers which form the boundary
between this part of Soviet terntory and the north of Manchunia  Here,
the goitre rate may reach 74%  Arndt 3 records that gostre 15 often found
1n assocation with Jocal endemucs of osteo-arthriis  Domestic ammals are
also affected with goitre in this area.

Finally, at the extreme east of the USSR gaitre 15 found in the Primorsk
Regon, that stap of mountainous eastern seaboard terntory extending
from the mouth of the river Amur in the north to Viadtvostok it the south

Goitre prevention throughout USSR

Throughout the whole of the Soviet Union an enormous amoum_ol‘
systematic aud painstaking analytical and survey work has been carried
out to establish the causes of gostre mn different parts of the country and to
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elucidate whether incidence is related to excesses or deficiencics of mineral

* elements 1n the focal soils, waters and foods. These chrucal and geochemical

surveys amply support the iodine-deficiency theory of causation, a conclu-

s1on \\nh which all m\csngalors although maybe \\urkmg 1n areas widely
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orgamzed h:nc bccn msmulcd under

government auspices in almost every part of European and Asiatic Russia
where gottre occurs

One or two salient features of this All-Union cffort deserve mention
here:

Senveral investigators have been pr d with the )
relatonship between high manganese and low 1odine. At the Kazan
Medical Institute it has been found that in ordinary foods a hugh manganese
and a low ascorbic acid content goes hand in hand with a fugh 1neidence of
endemic goitre. Similar research in the adjacent Tatar Region has estab-
lished that a high soil content of manganese occasions a reduced content of
1odine in the soil, thereby leading to goitre occurrence (Kamchatnov 6. 267)
Gurevich 3% 3% regched the same conclusion from tis studies in far-
eastern Primorsk

As regards absolute 1odine content of souls, waters and foods, Shul-
pnov ¢ found in Man Region that dry soil in areas of high endemicity
contained 122.2 g, in areas of moderate endemicity 267 8 g, and in areas
free from goitre 1597 pg of 1odine per 100 g The 10dine content of
the potato in highly endemic areas was only onesthirtieth of that of
potatoes grown in non-goitrous areas. Savchenko, 19 who has made an
“iodine map " of the Ukraine, found that the prevalence of endemic goitre
was greatest when the sodine content of water did not exceed 1-2 pg per
litre, moderate when water contamed up to 2.3 pg per litre, and low when
the level reached 3-4 g per. 1|lre

Results of iodine prophyl are ded by many observers
Bergman ¥ testifies to their effectiveness 1n Transcarpathia A re-survey of
the Sverdlovsk region 1n the years 1957/59 revealed goitre rates one-fifth to
one-third of those prevarling in 1929/31 when 10dine prophylaxis was first
wtroduced  After five years of systematic treatment with todized sait
{1952-1956/57) in the Stanislav area, goitre rates fell from 109% t0 6.9%
the whole population, from 29% to 15% 1n expectant and nursing mothers,
and from 179 to 11% among schoolchildren. The beneficial results of
long-term 1odine prophyiactic programmes, extending over 25-30 years,
have been documented by Nikolaev @ for Russia as a whole, and by

Mamedov and Orudzhiev ™7 for the Caucasian republic of Azerbaidzhan

In the all-embracing biogeochemical studies carried out in the USSR,
ammal goitre has not been forgotten Few countries can boast a map more
detatled and preh e than that d by Koval’skij 37 showing
areas in which defictency or excess of mineral elements 1n the soil may affect
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human and animal health Soils of the non-chernozem zone of the Soviet
Unton are poor in copper, cobalt and 1odimne, a fact that influences the
content of these mucroclements in fodder plants and therefore leads to
anmal diseases due to their deficiency,

The foregoing review of goitre distribution throughout the USSR s
based on information taken from the comprehensive treatise on the subject
by Arndt 3 and from papers by the following authors; localities with which
particular authors are specially concerned are given within brackets

European section : Aber (Ukrame), %8 Antonov (Stanislav); % Bergman
{Transcarpathia), *** Chekalov (Kostroma and Ivanovo); ™ Davidova
{Transcarpathia), *° Fedinets (Transcarpathia), 3% Flonnskn (Yaro-
slavl); 3% 355 Goncharov (Tatar & Man); 37 Jomsyants (Smolensk); 362
Kamchatnov (Kazan), %* Kamchatnov (Tatar & Many); 3% 37 Karpova
(Yaroslavl; %8 3% Khantonova (Sverdlovsk), 3% 3 Kutsherenko
(Ukrane), ¥ 3 Kutsherenko, Judina & Kutsherenko (Chernigov);®!
Kutsherenko, Judina & Rimak (Volhynia), *2 Landishev (Tim Ruver), 38
Lyapustn  (Urals), %  Mayer (Arctic), 3 Meshchenko (Transcar-
pathua); 3. 394 Plotnikova (Sverdlovsk); %% Primak (Ukraine); *** Rodn-
janski  (Byelorussia), ¥ Rybalkin  (north Bukovina); ¢ Savchenko
(Ukrame), 1. 49 Schermann (Mari); ¥° Shinkerman (Bukovina); 3t 412
Shmagma & Usmanova (Tatar), * Shulpinov (Man); #3 Shvetz (Cherno-
vitskaya); ¢ Skatkov (Moscow district); 417420 Tabakov (Birsk); 4%
Tikhonova & Shifman (Lisichansk-Rubezhansk); 42t Tsartkovskaya et
al. (Lisichansk-Rubezhansk); 42 Udod (Stantslav Region). 3%

Caucasian section  Alfeev (Karachaevsk), 3 Alikishibekov (Ordu-
bad), 338 Aslanishvili (Svanetia); 3! Balakhovskaya et al. (Daghestan), 34 313
Egorov & Orudzhiev (Azerbaidzhan), 3 Tonisyants (Azerbaidzhan); *¢t
Kalishevskaya (Onskn, Georgia); ** Kuznetsov (Karachaevsk); % Mame-
dov (Azerbaidzhan); 3¢ Mamedov & Orudzhiev (Azerbaidzhan), 3
Nikolaev (Kabardino-Balkarsk); 28 Nrzhibrtski (Karach k), 491 Slavin
(Kabardino-Balkarsk}), 2t Strunnokov (K h k); %2 Valedinskaya
(Kabardino-Balkarsk); 127 Zhukovskt (Karachaevsk).®¢

Asiatic section : Abdulakhatov (Uzbek); 3% Belikhova (Abakansk); 3¢
Bolotova (Abakansk); 3% Chukamn & Lewtin (Andizhan), *** Gurevich
(Primorsk), %5 39 Gurevich & Mukhina (Pnmorsk}, *° Khazan (Tadzhi-
Listan); 32 Khvorov & Ionisyants (Krasnoyarsk); 3 Kolomiitseva (Tadzhi-
kistan); ¥5 Kruchintna (Uzbek); % Masumov (Ferghana); % Mirochmk

(Khakassia); ¢ Nikolaev {Khakassta), % Obluarov (Uzbek); #* Shka-
renko (Uzbek)

Romania

The most highly gortrous regions of Romania hie along the Carpathian
Mountains running from north to south of the country, and along the
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Transylvanian Alps from west to east. Studies by Cimpeanu #*t and by
Danielopolu and co-workers #2437 contain a wealth of information, with
numerous distnibution maps and iflustrations showing what must be
among the saddest and most dustressing cases of gortre and cretinism ever
photographed

‘Two areas in which Danielopolu and his associates made a detailed
investigation are Bukovina in the north (now part of the Ukraine) and the
District of Sibiu, which hes in the centre of the country on the northem
stopes of the Transylvantan Alps. In Bukovina, the Czeremosz valley, which
traverses the Romanian-Ukraiman frontier, 1s highly goitrous, as also 15
the valley of the Moldavitza in (hc Distuct of Cimpalung-Moldawvia.
Here, 46% of the inhat d by Damclopolu had goire. At
Ispas 1n the Bukovinian district of Storopinet (now 1n the Ukraine) 465 cases
were seen in seven small hamlets, Allhough simple gomc was commonest,
there were many cases of i f-mut: and 1m-
becility.

Among the communes wmvestigated i the Transylvaman district of
Sibw were Tilmacwil with a gontre rate of 21.5%, Sibiel with 2 rate of 50%,
and Cisnddie with a rate of 25.4%,. At Ighisul-Nou, 1n the valley of the
Tarnava Mare tmmediately north of Sibw, Damiclopolu found 31.7% of
goitre. Zlatna in the District of Alba Iubia to the north-west of Sibu 1s also
very gottrous

Gortre 18 prevalent m cenam p:ms of Moldavia, on the east side of
Romamia  And ined the schoolchildren of thirteen Mol-
davian towns and found rates of 20 29 at Faltcens, 24.1% at Jassy, 24 5%
at Roman, 34 1% at Piatra Neamt and 13 5% at Baciu,

In Romama, goitte 1s notonously a disease of poverty. The inhabitants
of all the small goutrous willages surveyed by Damielopolu were very poor
and lived under exceedingly pnmitive housing conditions—very often a
whole family i one badly ventilated and 1ll-It shack together with their
domestic anumals  There 15 least gotre among the men who pass a large
part of their time n the as d and
burners Social environment 1 relation to unﬁmess in mibtary recruits in
Romania duning the years 1941-46 has been the subject of study by Banu
& Dinu,* who mention goitre as one of the causes of rejection for service.

Romana now takes her place as one of the countnes which has tackled
the goitre problem with vision, determination and system. Prior to the year
1944 the State health authonties had done almost nothing to arrest the
disease  Shortly before that time attempts had been made to introduce
1odized sait” and prophylacuic dosage with Lugol’s solution into some
communities, but as these lacked official stimulus and supervision httle
came of them Not until 1947 did the Mimstry of Health entrust to

@ Pastion recommended its nse an 1908 (Rum med Rev, 1, No 1, 61}
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Dr S M Miueu the task of organizing an anti-goitre campaign throughout
the country.

Under Milew’s direction, fresh surveys were undertaken by specially
trained teams of endocninologists, a gostre map of the country was burt-up
prece by piece, and preventive measures were set on foot  To cover all the
chatcal forms and degrees of the goitre mamfestation in Romania, Mifcu
mtroduced the term * endemuc thyreopathic dystrophy”, a three-degree
classification to which all cases can be grouped according to severity.
By a wider coverage of the country. and by umform methods of examination,
Mifeu and his colieagues gave precision to earher assessments of the extent
and seriousness of the endemuc  Detailed surveys among schoolchitdren
belanging to communities M the Jiul valley to the south west, along the
course of the Arges river from Pitests throngh Giesti to Bucharest, in the
Muscel region towards the centre of the country, and i the districts around
Ploest: and Slanic, revealed rates varying from 20% to 909

Concurrently with these wnvestigations, preventive action with iodized
salt (10 50000 strength) was mnstituted. An iodide tablet (1 mg KI) has
afsa been used. Seven years of expertence with these methods have been
uniformly good The rate among schoolchildren has been cut by anything
from one-fifth to one-third, Schools in the Muscel region, for example,
showed a rate of 81 8% n 1950 and by 1354 this had been reduced to
46 5% as a result of wodine prophylaxis No more cases of crefimsm or
congemtal goitse m chifdren below the age of 4-5 years have been reported.
Milen and Negoescu #*! emphasize also that no accidents ot ill-effects due
to mass prophylaxis with 10dized salt have been observed.

Full details of alt the many-sided aspects of these recent Romanian
studies are avalsble 1n numerous papers and 1n several impressive volumes
published under Milew’s editorship 8 438

Bulgaria

Mass examination of 971 864 schoolchildi n 4036
throughout Bulgaria showed that thirty-two provinces were affected with
gortre in 1958, twelve severcly  The endemic regrons are in the mountainous
parts of the country, except for a few 1solated foci, coastal areas are goitre-
free (Penchev et al 3%)

The disease 15 markedly prevalent afong the banks and tnbutarnes of the
west Bulgarian niver Struma, which rises in the Vitosha Planmna south-west
of Sofia and has a general north to south direction, eventually flowing
through Greek Macedonia and entenng the Aegean at the Gulf of Stimon
on the east of Thessalontka In Greece the speifing of the name changes to
Strofima, and 1o classical tumes the river was known as Strymon.

The word “ Struma ™ 15 often used, especiaily 1z German literature, as a
synonym for goitre—~the adjectives  * scrofulous ", “strumous™ and
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“ goitrous * being nearly interchangeable. Some say that the river was
named after the disease. It seems much more likely that the disease took the
name of the nver 10 whose valley it abounds,

Two left-bank tributaries of the Struma, the Rila and the Bistnitsa,
flow through exceptionally goitrous country where surveys have been made
by a team under the leadership of Penchev,!3% and by Tsvetkov.!*? On
the upper course of the Rula (which joins the Struma midway between Sofia
and the northern border of Greece) 62 % of a total of 3810 people examined
1n seven commumities had goitres  Newcomers into the area are not long n

contracting the disease, and ism and deaf-mutism are of
occurrence On the lower course, a rate of 50 4% was recorded among more
than 5000 people examined in the tups of Stob, Poromi! and

Kocherinovo near the confluence of the Rila and Struma In these lower
stretches of the river, cretins and deaf-mutes were not evident

More than 300 families (609 of all houscholds) were examined for
thyroid enlargement by Tsvetkov 42 in the township of Bistritsa situated
on the nver of the same name flowing through the extreme south of Sofia
province into northern Macedonia  Here, 47 3% of the inhabuaats were
found to be suffering from goitre

The city and district of Plovdiv towards the centre of the country 1s yet
another goitre area 1n Bulgana Khaidudov, Chervenivanov & Armenkov 452
associate the goitre endemtc 1n this region with low nutntional standards and
poor lving conditions

The goitre rate among adults and schoolchildren 1n the town of Teteven,
about 50 miles north-east of Sofia, was investigated by Ticholov ! 1n 1926
and agam 1n 1947. In the former year about 10% of the total population
were affected; by 1947 this over-all figure had risen to 209, and the rate
among schoolchildren was as high as 80% In the willage of Ribantza, a
strong focus of endemic gostre situated about 12 km from Teteven, no less
than 819 of boys and 89% of girls were found to be goitrous m Ticholov’s
1947 investigation Teteven was ongnally supplied with water from local
springs and wells; 1n 1939 the source of supply was changed to water
carned by aqueduct from the neighbouring river Beli-Vit. It has not been
possible to determine the iodine content of both wetl and niver supplies, but
Ticholov assumes that alteration m the chemical quality of the drinking-
water 15 the cause of the increased inctdence of goitre in Teteven.

On the recommendation of Penchev,*® Khaidudov 42 and others, steps

are now being taken 1 Bulgarra to apply 10dine preventive measures on a
communty scale

Yugoslavia

Endem:c goitre 15 a serious public health problem in Yugoslavia, con-
tributtng much to chronic 1ll-health and lowered output; 1t adds signifi-
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Dr§ M Mileu the task of organizing an anti-goitre campaign throughout
the country.

Under Mileu’s direction, fresh surveys were undertaken by specially
trained teams of endocrinologists, a goitre map of the country was built-up
piece by piece, and preventive measures were set on foot. To cover all the
chimical forms and degrees of the gotre manifestation m Romania, Milcu
ntroduced the term “endemic thyreopathic dystrophy ”, a three-degree
classification 1nto which all cases can be grouped according to severity.
By a wider coverage of the country, and by umiform methods of examination,
Milcu and tus colleagues gave precision to earlier assessments of the extent
and seriousness of the endemic Detailed surveys among schoolchildren
belonging to commumties 1n the Jwl valley to the south west, along the
course of the Arges river from Putest: through Glestt to Bucharest, 1 the
Muscel region towards the centre of the country, and 1n the districts around
Ploestt and Slanic, revealed rates varying from 20% to 90%.

Concurrently with these invesugations, preventive action with iodized
salt (1 1n 50 000 strength) was instituted. An 10dide tablet (1 mg KI) has
also been used Seven years of expenence with these methods have been
umformly good The rate among schoolchildren has been cut by anythung
from one-fifth to one-third Schools tn the Muscel region, for example,
showed a rate of 81.8% i 1950 and by 1954 this had been reduced to
46 5% as a result of 10dine prophylaxis No more cases of cretinism or
congemtal goitre i children below the age of 4-5 years have been reported.
Mitlcu and Negoescu ** emphasize also that no acaidents or ill-effects due
to mass prophylaxis with 10dized salt have been observed

Full detaiis of all the many-sided aspects of these recent Romamian
studies are available 1n numerous papers and in several impressive volumes
published under Milcu’s editorship 438 418

Bulgaria

Mass examiation of 971864 schoolchiid m 4036
throughout Bulgaria showed that thirty-two provinces were affected with
goitre 1n 1958, twelve severely The endeme regions are in the mountainous
parts of the country, except for a few isolated foci, coastal areas are goitre-
free (Penchev et al #92).

The disease 1s markedly prevalent along the banks and tributaries of the
west Bulgarian river Struma, which rises 1n the Vitosha Planina south-west
of Sofia and has a general north to south direction, eventually flowing
through Greek Macedoma and entening the Aegean at the Gulf of Strimon
on the east of Thessalonika In Greece the spelling of the name changes to
Strofima, and 1n classical tmes the nver was known as Strymon.

The word * Struma ™ 1s often used, especially in German fiterature, as a
synonym for goitre—the adjectives * scrofulous ™, * strumous ™ and
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confirmed the well-known finding of many earlier investigators that goitre
develops more read:ly in rapidly growing children—the lall: heavy, ra(he.r
dull pupils at school The physiological demand for thyroid homonc is
less in smaller, highter ctuldren, among whom thyrowd enlargement is con-
sequently less evident.

Extending their studies from the Croatian mainland to the adjacent
Adriatic 1slands, Ferber & Buzina (quoted by Horvat & Maver 47} noticed
a high incidence (40%-46%) of gaitre on the island of Krk, whercas on
other neighbouring 1slands the disease is very rare or wholly absent. On
closer investigation of this nteresting phenomenon, Horvat & Maver 47
reached the conclusion that goitre in Krk 1s the result of a complex nutn-
tional deficiency involving not only lack of jodine but afso deficiency of
vitamin A. Subsequent studies with ' do not, however, entirely support
this supgestion; it seems that a low iodine intake, aggravated no doubt by
factors impainng 1odine utibzati 1s the d goit ducil
agency (Buzina et al ;% Horvat et al *7%).

Bosma and Herzegovina

Although endemic gottre in Bosnia and Herzegovina has been a subject
of Intermittent study for more than 80 years—indeed, since Austnan replaced
Turkssh rule in 1878—exact information did not become available until the
modern surveys of Zarkovié & Radovanovié #** conducted under officia
auspices In 1953 the Yugoslav C for Medrcal Scit R h
sponsored a study m the distnict of Srebremca north-east of Sarajevo and
found 75% of all schoolchildren had manifest gortre.$. ¥ Three years
later (1956), an organized mass examination of 34 343 persons of all age-
groups over six years drawn from 975 settlements spread throughout the
entire Republic of Bosnia and Herzegovina (approximately 1% of the total
population) exposed an average gontre rate of 20% among males and 33%,
among females The districts of Briko, Sarajevo, Gora¥de, Fojnica and
Trebinje m the eastern section of the country, and Banja Luka in the north,
are hyperendemic regions  Contrary to earlier assumptions, the Sava nver
valley 1n the north was found to be as strongly goitrous as the Drina valley
n the south

No positive correlation was established between the amount of iodine in
drinking water and the prevalence of goitre 1 Bosma and Herzegovina, but
this, as Zarkovié and Radovanovié 494 say:

- cannot be taken as proof that lack of 10dine 1s not the most important single agent
i the epidemiology of gaitre  Fuest of all, the analysis of one sample of water—let alone
a sample taken at the time of the lowest water-level m sources and wells— cannot be
conudered representative of the annual content of 10dine and sts!l less of the rodine
content 11 a decade  Bestdes, water 1s not the only source of todine for the population
Big differences n the types of food and in their 10dine content are charactenstic of Bosnea
and Herzegovina, and certain foods might compensate for or aggravate the lack of todine
m the water  Finally, the differences m goitre prevalence among people with equal con-
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cantly to the cost of State medical care. The general distribution of the
disease has been described by Sumitch,#? by Mihohé,*2 by Ramzmn, Butié
& Lukié,* and by Matovinowié; #% detarled surveys of particular areas
have been made by numerous other workers whose findings are noted
below, the occutrence of thyroid enfargement in domestic animals js
discussed by Jovanovié, Pantié & Markovié, 995, 476, 43 gnd the problem of
goitre in the army has been the concern of Ceramilac.’®®

The gowtrous area extends continuously for more than 500 miles from
Slovenia m the north-west to the extreme south-western corner of the
country in the neighbourhood of Bitoly {Monastir) and the lakes Presba
and Oknda in Macedomia  The only goutre-free areas he along the Adnatic
coast and throughout Vopvodina in the north-east. The mtensity of the
endemme vanies. Tt ts highest on the banks of the nver Tbar and n certan
valleys of the Ztatar Planima in the sandjak of Novi Pazar, 1 ¢, 1n the south-
western part of Serbia  Slovema, too, has high rates; and sevenity 1s con-
siderable in Croatta, i Bosma and Herzegoving, and in northern Monte-
negro  Goutre 11 Yugoslavia is mostly located 1 high mountam districts
and tablelands, but 15 also found m river valieys and i the plains.

Sloventa

In the north-west of the country (Slovenia) there is considerable goitre
throughout the head-waters of the rivers Sava and Drava (Danube) between
the towns of Lyubljana and Manbor (Marburg) This centre, which 1s an
extension of the Klagenfurt-Graz goitre area 1n southern Ausina, has been
specially studied by Arko, % who mentions the following places as gonrous:
the mountams of Kozjak, Pohorje and Haloze, and thie low-lying area of
the Pannoman plam i the viamty of Beltinei. Arko very carefully examumned
257 children (up to 14 years of age) 1 the village of Zetale near Rogask
Statina and found gottre in 60% of them

Croatia

An invesugation of the Croatian willages of Rude and Braslovje, m the
near victnity of Zagreb, undertaken jomtly by the Institute of Hygtene and
the Chime of Internal Medicine, Zagreb, showed thyroid entargement in
83 39 of 856 persons examined. More than 58% of these cases had severe
gotres of the first degree, and 10% of the total population of the two willages
were handicapped for hard physical work on that account  Twenty cretins
were found among the 856 people examined (Ferber et al.; 37 Matovino-
vié ¥9), Buzina et al #7 say that in Croatia goitre 15 most widespread in
the district of Jastrebarsko south-west of Zagreb and in Virovitica situated
due east of the capital almost on the Hungarian border.

Prebeg et al™ examined 21482 Zagreb schoolchildren in 1953754
prior to the compulsory jodization of salt and found an overall goitre rate
of 46 5%, the proportion baing 42.27; in boys and 5097 in guels. They
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dwarfism, stenlity or low vitality In sheep, the thyroid enlargement was not
so pr d but poor I ion, poor wool production, and a high
mortality rate among lambs were noteworthy. Stenlity, low milk yield, short
lactation, 100 frequent sr!ent heat, and poor condition of young stock are the
ymptoms of hypothy P dincattle Little abnormality was seen
n pigs. Horses also suffer from goitre, the incidence being higher in primitive
than in important breeds. Affected ammals were less able to work, and
stallions had decreased sexual impulse. Foals do not develop normally and
are often stunted

Owing to the seriousness of the goitre endemic in Yugosfavia, the
Government 15 QIVing every support to control programmes, and, 1n keeping
with recommendations made by the Wotld Health Orgamzation, has
passed a law, cffective from I July 1954, requinng the iodization of salt at a
level of 10 mg of potassium 1odide per kg of salt. Salt-iodization plant has
been installed on a pilot scale and will be increased until ail salt distnibuted
for human consumption is todized in conformity with this regulation
(Matovinowié; #%° BroZek & Ferber #9)

Albania

1n Albana thyroud disease is bnown at Berat towards the south of the
country There 15 no published Iiterature on goitre 1 Albama; the fore-
gomg mformation was communicated privately by C Eveipidi (1948)

Greece

Reports commusnicated privately by Evelpidi (1948) of goire 1 and
around Poroy, Djuma and Sérrai (three towns situated on the edge of the
lowland Gretian slopes where the Struma valley broadens into the plans
of Greek Macedoma) and also farther west at Karadjova in the Yianmitza-
Vodeni area, have been confirmed by Hadpdakis #5 Hys field enquiry,
part of a State programme to improve Mother & Child Welfare, involving
the chmical examination of almost 12 000 children and youths, disclosed a
goitre rate of 537 in an appreciable number of villages in the northern
distriets of Greece, especially in T a, Maced and Epirus
Although 10dine deficiency could not be chcmmally proved, the fact that 1in
some goutre p! s d £ g iodine
wdicated the probable influence of this agency

Central and Southern Europe
Austria

Gontre has long been a concern of Austrian preventive medicine  Pro-
phylactic admi: of p it iodide with rock salt 1n the
proportion of 1 part of md:de in 10 000 parts of salt was strongly recom-
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sumption of wodine might be produced by a series of other influences, including diffeting
doses of vanous gontrogenic factors.

Serbia and Montenegro

Much has been wntten about the severe south Serbian focus, which
meludes the valieys of the Lim, Uvac, and other nivers flowing from the
Zlatar Plantna, the towns of Nova Varos, Prijepolje, and Novi Pazar, and
extends eastwards over the nver Ibar to the Kopaonik and Jastrebac
Mountains in Moravia, with a southwards branch into the Kosovo-Polje
plains and the valley of the nver Vardar at Skoplje Simié et al.%% found a
rate of 6% t0 12% in 147 famubies (758 individuals) 1n three vitlages of the
Sumadya region. Gvozdenowié 42 records 2 morbidity varymg from 37.87%
10 60 7%, among the people of Mataruge in the Kraljevo district of central
Serbia, and o the village of Gornia ¥ mn the J b
Kaitié & Radmil ¥ diagnosed nodular gostre 1 no less than 366 (57.6%)
out of 759 persons examined Olive Lodge ¥7° 1n her book Peasant Life in
Yugoslana wnies that 809, to 85% of the population of the sandiak suffer
from entarged thyrowds

The detailed survey made by Schneider & Ganss**! in the villages and
valleys surrounding the Ziatar Plamna offers good examples of the variations
i prevalence which may occur within a comparatively small area. At
Hisardiik, a smail mountain village of 250 people situated on the southern
slope of the deep valley of the river MiloSevo, 60 out of 80 persons examined
had pathologically enlarged thyrowds Further up the same valley, at
Karaula, there was no goitre at afl; nor could any cases be found at KaZevo,
a settfement close to Hisardaik. Similarly, in the not-fas-distant Kosatica
valley the upper reaches are poitre-free while the lower part 1s distinctly
gottraus. High up on the top of the Zlatar Plateau tself, goitre is com-
pletely unknown, but 1n the northern dechvities at Nova Varos and lower
down the Bistrica valiey “ lovely ” goures are seen,

Schneider & Ganss ** attribute these variations to sharp distinctions in
local geology and topography. Gontre occurs oply in valleys, not on pla-
teaux. Valleys in which the slopes are chiefly covered with soft rich soils are
not goitrous; those with steep wall-ike sides scantily covered with poor soit
favour the disease. The incidence is Ingher where faults and folds predom-
nate, and at the intersection of strata of different apes.

In northern M 0 pgoitre 1s prevalent tt h the upper basin
of the niver Lim, particularly 1n the neighbourhood of Bijelo Polye, and
cretimsm is of frequent occurrence (Gusi€ et al#?). Macedonia at the
extreme south of Yugoslavia is another region of high prevalence, especially
in mountain areas where chestnut trees abound (Petrav 59),

Jovanovié, Pantié & Markovié 475 478 33 descihe hypothyroidism occur~
ring among domestic animals in areas where the human populztion.suﬂ'crs
from goitre. Goats showed most thyroid enlargement but no signs of
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for instance, the rate for children is 49%. The fact that 119 of Bad Hall
children have goitre in spite of a high iodine intake from water is evidence
that iodtne deficiency is not the whole ctiological explanation; goitrogens
1n food, bad hygiene, or other factors may also be involved (Kopf *%).

Studies of the occurrence of endemrc goitre among people who have
moved from goitre-free areas into affected areas have been made by
Schreckels. 308 He examined 2220 such people 1n and around Salzburg and
found that within a year of coming to live in the goitre arca 40% of them
developed thyroid enlargement. The longer the people had been settled
in the area, the higher was the prevalence of goitre among them,

A feature of the gottre endemic 1n Austria stressed by Krieberng %04 1s
the increase 1n prevalence which has taken place in post-war years, especially
n the newborn  This happened both after the First World War (Abels %)
and after the Second. Sollgruber ° gives the followmng figures: among
4800 newborn infants examined in the ten years 1944-53 in the maternity
ward of Dornbirn hospital in Vorarlberg, the average gonre rate was 7%;
1n the two years 1952 and 1953 the rate was 119 and in the first quarter
of 1954, 20%. Sollgruber treats these infants from the third day of life
with large doses of 1odime spread over several days. He strongly recommends
the general use of 10dized salt and considers it should be the standard salt
on sale everywhere, untreated salt being obtainable only on special prescrip-
tion Kopf 2 records that, in Vécklabruck, administration of potassum
1odide to pregnant women, preferably from the fourth month, reduced the
goitre rate 1n the newborn from 479, to about $9/ in the space of two years.

Hungary

According to Kiss, ** there are 500000 goitrous people in Hungary.
Endemic cretimsm 1s sard to have been known in the country since the
14th and 15th centuries 3 Broadly speaking, goitre 1s confined to three
main parts of Hungary—the northern frontier, the west-centre and south-
west, and the neighbourhood of Debrecen in the north-east. The Great
Hungarnan Plain m the centre and east of the country 1s goitre-free.

Upper Hunganan localities affected are: Magyardvar, on the river
Leitha in the extreme north-west, where a percentage prevalence 1n school-
children of 33.3 has been recorded; Komarom, with a rate of 35%; and
Tatabanya, with a rate of 59 3% among children Farther east, children
1n the northern towns of Vac, Salgétanan and Miskole m Upper Hungary
showed rates of 9.3%, 17.5% and 14 5%, respectively. In the department
of Négrad due north of Budapest on the Slovakian border, Kiss 5 examined
11207 -t 13 e POV .
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mended by Kostt ¥ in {855, more than 100 years ago. With the exception
of a few districts in the Danube valley and 1n the direction of the Hungarian
plamn 10 the cast, practically the whale country is goitrous. From west to
east the most notonous localities are:

(1) The Province of Vorartberg, winch 1s bounded by the Swiss Alps,
Lake Constance and the Algauver Alps to the south of Bavaria. Here, the
district of Montafon south of Bludenz 15 speciatly affected

{2) The Tirol, especially 1 the narghbourhood of Telfs and Innsbruck.

(3) The Province of Saleburg, parttewlarly along the river Salzach at
Zelt-am-See and Taxenbach, The aity of Salzburg itself has a high gotre
rate

(4) The Province of Kiirnten (Cannthia), especially the area around
Klagenfurt This wncludes the valley of the river Drau (Drava) and the
towns of Friesach, Wolfsberg and St Paul

{5) The Province of Stetermark (Styria} where the areas around Murau
and Judenburg have a high mncidence. The fown of Graz on the ¢astern
edge of the Stynan Mountains and many other places along the valley of
the rver Mur are muldly gortrous.

{6) Upper Austna m the viainity of Vocklabruck, Bad Hall, Steyr, and
Rohrbach nortth-west of Linz

{7) The extreme east of the country 1s the least affected. Nevertheless,
many cases are found 1n Burgenland Province on the borders of Hungary,
and 1 Vienna, the capital city (Schroetter, 9 Burtscher & Sprenger; **°
‘Wagnet-Jauregg, 3 #2 Bauhofer, 47 Kopf; 3 Kutschera-Aichbergen 5%),

The prevalence throughout Austria 1s high, Taking the country as a
whole, 44.2% of boys and 48 1% of gils were found to be goitrous m
the 1923-24 survey of 686000 schoolchidren orgamzed by Wagner-
Jauregg. St 512 The highest regional rates were in Vorarlberg Province,
with percentages of 58 9 in boys and 63.6 m girls  The lowest rates were
1 Burgenland Province, with 15 9% in boys and 19.5% i girls. The cuty
of Vienna showed percentages of 41 I m boys and 46 2 1 girls.

“The sitvation 1 more recent times is scarcely fess acute. A survey of
five groups of Viennese civikans under United States occupation jn 1945
reveated non-toxic diffuse gostre in from 21% to 429 of those examined,
the rate 1n children under 14 years being 38% in boys and 35% m gurls
{Davidson et al.%*) in the Upper Austrian town of Rohrbach, notonous
for us high goitre rate, the percentage with thyroid enfargement was 31
ta 1952 compared with 66 in 1946, The drop is due to the adoption of
jodine preventive treatment. At Bad Hall, an Upper Austrian watering-
place well known for the high 1odine content of its drinking-water, ?bout
11% of schoolchildren are affected. In contrast, the rate amang children
tiving outside the town s nearby distncts is 359 or even higher. [n Steyr,



PREVALENCE AND GEOGRAPIICAL DISTRIBUTION 89

from goitre 1s found where the water contains more than 25 ug of 10dine
per Nitre. If the 10dine value is between 13.5 g and 25 pg per hitre, pro-
tection against the discase depends on the hardness, while for values be-
tween 5 pg and 13 5 pg per lutre freedom from goitre 1s aseribed, irrespective
of the hardness of the water, to 2 high content of iodine in the sol. Where
the water contains less than 3 ug of jodine per litre, goitre appears whether
the water is hard or not.

Todized salt (10 mg of KI per 1000 g of salt) was officially introduced
1nto certain parts of Hungary in 1948, and the results of five years’ prophy-
laus by this means have been summatized by S6s & Szabé>** The most
marhed improvement has occurred 1n the west and north of the country,
particularly among children, No very sigmfi duction 1n preval
has been noticed in the south trans-Danubian region.

Czechoslovakia

Maps prepared by Feix, Rezler & Silink, % 20 on the basis of the
examination of 44 262 men and women and 85 060 children from all districts
of Bohemia and Moravia in 1947-48, show that thyroid enlargement of
every lype 1s prevalent to a considerable degree (hmughoul the whole of
these regions of Czechosl 12 In some the frequency may
be as high as 100%, among women

Data on the distnibution of goitre 1n army recruits collected by Klima 3
in 1933 reveal a marked focus along the Erzgebirge on the Saxony border
to the west of Bok pecially in the hbourhood of Karlovy Vary
(Karlsbad) and Pilsen. This western belt extends round the northern
Sudetenland frontier, through such places as Usti and Liberec, and links
up with the Silesian goitre districts of south-west Poland

Determinations of the urinary output of 1odine by individuals 1n 29 west
Bohemian communities situated tn the neighbourhood of Liberec, Usti,
Prague, Pilsen and Karlsbad have been made by Vohnout & Pihar 5% On
the p that the 10dine 1s 100 pg per head
daily, the results show that people 1 these regions have an ntake of iodine
defictent by 30-80 g per day.

During the years 1949 to 1954, Hostomsk4 et al #43 treated 1931 Prague
children in age-groups from 3 to 15 years with thyroglobulin plus rodized
salt 1n strengths of 11n 100000 to 1 1n 40000 A considerable decrease 1n
the s1ize of both meditm and small goitres resulted. In the Prague area,
goutre 15 also reported from the towns of Dob#if, Roudnice and Sufice
{Fleischhans, 3t Bilink & Mardikovd %0) In Sulice and neighbourhood,
all schoolchildren and most workers m the Union of Agricultural Co-

were d by HoraZkova & Pokorny,5** who found hyper-
thyrondnsm to be the most common type of thyroid disturbance even where
cretinism is traditional. The intensity of the endemic 1n thus district has
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tyén communsty could offer only two cases among 1800 inhabstants. Here,
the local water, known as “ Jodaqua ”, 1s regarded as * medicinal ® and

among other therap mgredients a high proportion of iodine,
Besides being goitre-preventive, * lodaqua ™ 1s seputed 1o have significantly
beneficial effects on generat health, especially in reducing abnormally high
blood p In Budapest and surcounding districts, from 5% to 12% of
children are smd to be goitrous (Gortvay; % Bodnir & Straub; %
Straub; 52% 52 §4s, Fekete & Molnar 535}

In the west-central part of the country near Lake Balaton, children in
the towns of Siimeg and Tapolca showed rates of 319 and 1019, re-
spectvely; but at Tihany, which hes immediately on the lake shore, there
is no goire (Stranb$¥%) A ding to Véi$" schoolchil are con-
siderably affected 1n the town of Kaposvir, which lies between Lake Balaton
and Pécs  In thus general area, too, a gortre endemic among the children
of Komld has been reported by Virbird, Szava & Koch3 In Pécs self,
thyroid enlargement 15 commonly seen in newborn infants, among school-
chitdren (who exhtbit a rate of 109, to 139} and 1n older people {Hal & Hor-
vath, ¢ Horvith and co-workers 1. 51%)  The jodine content of food and
water in relation to gostre 1 Pées was determined 1n 1933 by Scheffer 52
and again in 1949 by Horvith, Nogradt & Danos™® The latter study
showed that one part of the city supply contained 4 5 pg of 1odine per
litre and another part 1.5-2.0 ug per litre  Gotre was commoner in that
part of the city supphed exclusively with water of the Iower 1odine content

In the extreme east of Hungary, lttle goitre 15 seen, but there are excep-
t1on: tably m the hbourhood of Diebrecen, where the following
goitre rates have been recorded by Straub & Tdrok: s Hajduhadhaz
(81 7°), Vamospéres (22 6%). Ujhuta (40%-50%), Ohuta (50%-60%).
Budahegyhozség (§2.2%) and Omassa (833%). In 1947, Kiss % drew
attention to the increasing presalence of goitre in Nadudvir, in the Debrecen
area
A feature of the gottre Iterature of Hungary 1s the several attempts
that have been made to find out whether the radwoactivity of sods and thesr
fluortne content are factors imphcated i the causation of goitre  Straub &
Keovies 32 tude from their that goitre will not develop
from the of fluor; waters sf the indwvidual has
access 10 a sufficiency of iodine  If, however, the 10dine supply 1s defictent
or the utilization of todine in the thyrotd 1s disturbed through excess of
dietary calum or for some other reason, then the gortrogenie action of
fivorine can manifest wself.

From the results of 1odine determunations on more than 700 samples of
water colfected from gonrous and goitresfree areas, Szabd, Remends &
Demeczky ¥ established without doubt that endemic goitre in Hungary is
mawly due to todine deficiency; the degree of hardness of water may also
play a pant. Independently of hardness or other factors, complete freedom
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During his surveys in the district surrounding Ostrava 1n the extreme
north of Moravia, Dole¥ek ** found a refatively large number of goutres
associated with hypertension and other related disturbances. Doleek 18
among those who stress the importance of gortrogenic factors in the local
foods and the need to employ rational prophylaxis,

Farther east, in Slovakia proper, gottre has been the subject of spectal
study in Banska Bystnica *®' and in the Zitny Ostrov area immediately
south-east of Bratislava where Slovakia abuts on Austma and Hungary
between Vienna and Budapest. This focus 1s noteworthy 1nasmuch as the
discase is more prevalent in the lowlands than in the surrounding mountains
(Tomének; %3 Podoba, Németh & Grmelov; %% Németh & Podoba ),

Following an extenstve survey of the Zitny Ostrov area by the Bratislava
Institute of Endocnnology n 1949, jodized salt was introduced in October
1950, first at a level of 1 1 200000 and later at a level of 1 tn 100000. A
resurvey carried out 1n 1954 on 17 750 persons of both sexes, ranging in age
from 6 to 20 years, showed that there had been a distinct recession of the
endemc, a decrease in the number of nodular cases, and a striking diminu-
tion 1n the size of local goitres (Németh & Podoba 1),

Finally, in the extreme east of Czechoslovaka there lies Carpathian
Ruthenia—now part of the Ukramc——\vhcre, in the vivid description of
Suk,%7 goitre and 1ts and dema) may be
seen at their worst, Here, thc most wretched centres are the poor villages,
in which, duning the unfavoumb]c winter months, the people hve an un-
healthy Life in dark and cold unventilated huts. They consume large quanti~
ties of cabbage—raw cabbage, pickled cabbage, boiled cabbage and
cabbage water. Indeed, cabbage 1s the staple diet. The goitrogenic effect of
cabbage 15 revealed in the data collected by Suk 1n a number of out-of-the-
way villages 1n the Carpatiuan highlands (see Table VI)

It 15 seen that the percentage of cases without goitre js much higher 1n
all wvillages taken together than 1t 15 1n the three villages where the con-
sumption of cabbage 1s excessive

TABLE VI GOITRE PREVALENCE IN CHILDREN AGED 6 TO 14 YEARS IN SOME
VILLAGES IN THE CARPATHIAN HIGHLANDS

All villages
taken together

Three vilages with

Results of examination excessive cabbage diet

number | parcentsde | number | percentage
Without godre 13 252 25 o1
Slight gortre 262 @ sl 151 549
Medum gortre 100 85 747 5 2040 909
Large goitre “ ]

Total examined
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decreased since the removal of people from the most seriously affected
areas, nevertheless, prevalence remaimns high and presents a grave health
probl peciatly among children 1n upland areas  The systematic use of
iodized salt 1s strongly urged by the authonties

With the object of measuting the prophylactic effect of iodzed salt
adnunistered over a period of years, Silink, Reisenaver & Chaloupsky 5
recently (1959) evolved a pracedure to solve the problem of uniform and
ObjCCf:VC mapping of goitre The vatue of their method has been demon-

tions on the standardization of 1odized salt and on the means of removing
nfluences affecting its prophylactic effictency have been made by Reisenauver
& Lakar %7 and by Silink & Reusenauer.5st

Moravia, the central part of Czechoslovakia, 15 heavily goitrous, parti-
cularly 1 the north. Local gontrogemc factors have been nvestigated by
Siltnk & Mardikova,” who determined thiocyanate vatues in the blood of
volunteers from Sumperk in northern Moravia and Rowénice in Bohemia,
two districts where goitre 15 rife. These values are higher in autumn, when
the of frwit and bles 1s greatest, than m the spring, and
there 15 a direct relatonship between the amount of thiocyanate in the
Blood and the degree of thyrod hyperplasia,

This does not mean, however, that th itsell is the
factor, because the serum thiocyanate values m the goitre subjects from
Sumperk and Roudnice are no hugher than those found in subjects who
had been given less than 0.1 g of potassium throcyanate by mouth for long
perads without the th having any goitre-producing eflect wi 3
Sihink & Margikovd argue, therefore, that the foods consumed by the
mhabitants of these districts contain not only a substance capable of raising
the blood thiocyanate level, but also a specific gortrogen which they have
not been able to 1dentify

Podoba ¢t al.5* found a significant difference in the weight and histo-
logieal picture of thyrotds from rabbits fed raw cabbage alone, and from
those fed mixed vegetables of the Brassica genus, both raw and cooked. The
gowrogeme effect of the cooked muxed vegetabies was fower than that of
the raw mixed vegetables and significantly fower than that of raw cabbage.

Vomela 57 has studied the Holelov and Fryitat areas of castern Moravia
wn great detail In the mountains, extreme forms of goitre and cretinism are
common; 80% to 90% of the mhabitants are afiected in some villages.

Here, the general picture 15 o one of hypothyroid On the
Moravian plains, on the other hand, goitre also occurs but1s accompanied
by tachycardia, hthal and ather of hyperthyroid

Zones of intermediate altrtude show gaitres of both types, even within one
fammly.
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During his surveys 1n the district surrounding Ostrava in the extreme
north of Moravia, DoleZek *# found a relatively large number of goitres
associated with hypertension and other related disturbances. Doleek is
among those who stress the importance of goitrogenic factors 1n the local
foods and the need to employ rational prophylaxis.

Farther east, in Slovakia proper, goitre has been the subject of special
study in Banska Bystrnica 3% and in the Zitny Ostrov area Iimmediately
south-east of Brauslava where Slovakia abuts on Austria and Hungary
between Vienna and Budapest. This focus is noteworthy masmuch as the
disease 1s more prevalent in the lowlands than in the surrounding mountains
(Tomanek; 38 Podoba, Németh & Grmelovi; 3** Németh & Podoba )

Following an extensive survey of the Zitny Ostrov area by the Bratislava
Institute of Endocrinology in 1949, iodized salt was mtroduced 1n October
1950, first at a level of 1 in 200 000 and later at a level of 1 1n 100000 A
resurvey carried out 1n 1954 on 17 750 persons of both sexes, ranging 1n age
from 6 to 20 years, showed that there had been a distinct recession of the
endemic, a decrease 1n the number of nodular cases, and a strniking diminu-
tron 1n the size of local goitres (Németh & Podoba 5t),

Finally, in the extreme east of Czechoslovakiz there lies Carpathian
Ruthenta—now part of the Ukraine—where, in the vivid description of
Suk,5 goitre and 1ts and d ) may be
seen at their worst. Here, the most wretched centres are the poor villages,
1 which, dunng the unfavourable winter months, the people ltve an un-
healthy hife in dark and cold unvenulated huts. They consume large quanti-
ties of cabbage—raw cabbage, pickled cabbage, boiled cabbage and
cabbage water. Indeed, cabbage is the staple diet. The goitrogenic effect of
cabbage 15 revealed in the data collected by Suk 1 2 number of out-of-the-
way villages 1n the Carpathian highlands (see Table VI)

It 1s seen that the percentage of cases without goitre is much higher in
all villages taken together than it is in the three villages where the con-
sumption of cabbage 1s excessive

TABLE VI GOITRE PREVALENCE IN CHILDREN AGED & TO 14 YEARS IN SOME
VILLAGES IN THE CARPATHIAN HIGHLANDS

taken ogttner exebacive Cambage Tt
Results of exammnaton | TN AT excessie cabbage diet
number | percentage | number | percentage
Without goitre 138 22 2 91
Shght goitre 202 485 151 st9
Medium gotre 100 18 5' "1 o 2 :} 209
Large goitre “ ] 2 116

Totat examned . 539

l
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The foregoing 15 but an outline of the goitre problem in Bohemia,
Moravia and Slovakia, Medical terature of Czechoslovakia in recent
years 1s iich in research on regional and etiological problems, of which only
bare mention 15 possible here: Németh,® and Németh & Stukovsky 52
on the d: of bone develop among children in goutre districts;
Silink et a1 53 and Reisenaver, Sihnk & Rohling 57 on the jodine metabohsm
of people m goitrous areas of Bohemia and Moravia; Langer and his
colleagues *7%%* on the role of calcium and other dietary factors n the
genesis of goitre in Czechoslovakia, Verner 32 on the nferior intelligence
and mental capacity of children m goitrous regions; and Stukovsky et
al ¥5. 556 on the parallelism between human and ammal goitre i western
Slovakia.

Germany

Proceeding from the south to the north of Germany, it 15 possible to
distinguish five mamn goitre zones one extending from Baden-Baden and
the mountaws of Bretsgau and the Black Forest eastwards through Wurt-
temberg and southern Bavana to the Austrian border; one in the Vogtiand
and Erzgebirge on the north-western frontier of Crechoslovakia; one
stretching from the borders of Luxembourg north-eastwards along the
Hunsruck and Taunus ridges through Hesse and Lower Francoma inta
Thunnga, one compnsing Munstertand, parts of Westphata, and the
Bergische Land near Dusseldorf; and one i Brandenburg, extending from
the region of Cottbus south-eastwards into Polish Silesia

The first of these zones includes the Kaiserstuhl area, the valley of the
river Kinzig and the towns of Wolfach and Freudenstadt m the Black
Forest, the towns of Hechingen and Gestingen i Wurttemberg, and & large
number of places along the Austrian frontier between Lake Constance and
Salzburg Among these southern Bavanan centres are Lindan, the Algauer
Alps, Kempten, Landsberg, Schongau, Weitheum, Garmusch, Wolfrats-
hausen, Tolz, Ebersberg, Miesbach, T Pfarrkirchen and Berch-
tesgaden  Goutre 15 also said to oceur m the Bayrischer Wald along the
north bank of the Danube between Regensburg and Passau

The second important zone lies between Plauen and Dresden It covers
the Vogtland and the north side of the Erzgebirge and takes in Averbach,
Freiberg, Chemnitz, Oelsmtz, Schneeberg, Marnenbery, Zwomitz and
Annaberg.

In the third distinctive area, incidence 1s not excesstvely high but there
are, nevertheless, some well-marked gotre centres  Between Luxembourg
and Koblenz the disease occurs in the Eifel distict north of the Moselle
river—natably, at Prum, Bitburg and Witthch  On the south of the Moselle,
the town of Bernkastel and the neighbouring ridge of the Hunsriick are
affected. Across the Rhine to the east of Koblenz there is goitre within a
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circle drawn through Siegen, Giessen, Wiesbaden and St G 1

This includes the Westerwald and the Taunus country immediately north of
Wiesbaden where Komgstein is a known focus. A traveller proceeding
north-castward from Siegen to Kassel would find goitre cases at Wittgenstein,
Biedenkopf, Frankenberg, Fritzlar, Rotenburg and Melsungen. In the
Mannheim-Frankfurt area there is goitre on the Odenwald and n the
Spessatt country, the town of Heppenheim to the north of Mannheim
deserving special mentton. Farther east, one finds the discase on the upper
Tauber river, at Rothenburg in Middle Franconia, along the Sterger Wald,
where Iphofen 1s a well-known centre, and at Gersfeld 1n the Rhdngebirge
west of Meimngen. In Thuninga, the towns of Weissensee and Schmalkal-
den are said to be affected,

Fourthly, there 15 an arca of slight endemicity in the Dusburg—
Dortmund—Dusseldorf triangle and in the Bergisches Land, a region which
nises 1 plateau-like terraces from the Rhine near Dusseldorf. The nature
of lhyrmd disorder here has been described by Leicher.#® Dunng their

m of the status of children mn the Briush
Zonc of Germany, Widdowson & McCance *” found cases of thyroid
enlargement n the municipal orphanages at Duisburg and Wuppertal-
Vohwinkel

The fifth zone 1s found in the far east of Germany. It begins at Guben
and Cottbus and extends south-eastwards to join the goitre belts of south-
west Poland and northern Czechoslovakia  Goitrous localities of spectal
note 1nt this region are Spremberg and Hoyerswerda

Throughout the past hundred years the geographical distrtbution of
goutre 10 Germany has remained faurly constant, but the intensity of the
disease has been subject to marked fluctuation  After the First World War,
German physicians reported an increase i prevalence all over the country,
even 1n areas normally goitre-free, like Nuremberg, the Ruhr district and
the North German Plain By the end of the 1920°s this outbreak had
subsided The same happened after the Second World War  An upward
trend 1n the frequency of thyroid disease became noticeable around 1942,
Between the end of the war and the close of 1950 this had developed into an

much more wid d and severe than that which
occurred after the 1914-18 war. The following figures given by Ligdas $11
are typical of many reports They relate to schoolchildren 1n Dresden and
other towns n that arez of Saxony.

Goitre rare (%)

1948-49 1949.50 1950-51
School beginners . 91 1n9 144
Fourth-year scholars 87 191 198
* Confirmands ™ 116 190 226
Trades School 130 180 236
High Schoot 122 162 28

Trades High School , 162 204 377
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These post-war goitre waves are due, s 15 apparent from many reports,
to dietary deficiency during the war period, Proof of this'is found in the
fact that certain well-fed groups of people—for example, cooks, interpreters
and occupying troops—escaped the goitre wave. This is also borne out by
Haubold’s tvestigation of schoolchddren in Bavaria, where the goitre rate
fose to 427, while only 9% of children 1n occupying American families
were affected.

Arguments have been advanced by Haubold 69653 that the specific
dietary deficiency responsible for the post-war gortre wave is a decreased
intake of vitamin A and carotene. His goitre surveys in the Welheim
district of Upper Bavania show that in villages where the vitamin-A and
carotene contents of butter and herbage are exceedingly low, the goitre
rate is more than double that 1n willages where these dietary factors are
substantially more plentiful  The gostres occurning under circumstances of
vitamn-A deficiency are of the hyperthyrowd type, and 1t has been shown
by Bukatsch, Haubold & Lackner %2 that treatment with vitamin A or
carotene causes regression of the goitre and amelioration of the signs of
hyperthyrowdism,

On the other hand, Ligdas *'* maintains that, in spite of the imnteresting
observations by Hauboid, deficiency of 10dine 1n natural form remains the
factor chuefly responsible for the post-war gottre waves. At the beginning
of the Second World War the German people were consuming an average
of 12 kg of sea-fish per head per annum  Dunng the first five years
following the end of the war the people hardly ever saw sea-fish at all,
according 1o Ligdas. The between agnicultural food producti
and the occurrence of goitre among schoolchildren 1 the Berlin area
has been examined 10 detay] by Habermann 596 3% 3 gn excellent seres of
papers

In the years between the two wars, prophylaxs by 10dized salt, “ Voll-

salz ™ as 1t 15 called 1n Germany, had been tned in many areas; but owing to
the fear of possible harmful effects {(now known to be without foundation)
more propaganda against the use of jodized salt has been advanced in
Germany than m any other country in the world, Gloel,** Medical Officer
of Health at Landsberg 1n Bavana, reported i 1934 that as a result of the
almost exclusive use of 1odized salt a strong, healthy, non-goitrous genera-
tton was growing up in the goitrous districts of Bavaria, notably at Kempten.
He deplored the fact that in fus own district the practice had been abandoned
for fear of iodine porsomng Where iodized salt had been in general use
since 1924, Gloel did not find a single case of thyroid enlargement among
pupils of a schoo! he mspected in 1930 Four years later, however, owing
10 the withdrawal of iodized salt, 75% of the children in the same school
were suffering from thyroid enlargement. He also records that provincial
teachers had noticed a corresponding decline in the average intelfectual
capacity of children beginmng school hife.
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Today the situation in southern Bavaria is little better than in 1934,
and a strong plea for the re-introduction of sodized salt has recently been
made by Bauer.* In co-operation with five medical colleagues he examined
a total of 45 818 schoolchildren in the localities of Miesbach, Chi
Traunstein, Berchtesgaden, Pfarrkirchen and Donauwdrth, and was
“shocked ” to find gortre rates of 80% and even more n some places. In
the Donauwdérth area, for example, 93% of young people in Egelstetten
had goitre, 61% 1n Ellgau, and 779 in Genderkingen, while Donauwsrth
itself, with 23%, was relatively immune.

Hundreds of papers have been wntten about goitre in Germany
Entrics 573 to 628 in the bibliography at the end of this chapter are selected
as dealing more especially with distribution and prevalence

Switzerland

Endemtc goitre has long been a serious health problem in Switzerland,
Practically all parts of the coumry are prone to the dlscase, and in many
locahties it 1s markedly d with mental d and
other disorders Indeed, the burden of cretinism has becn a heavy charge on
public funds. In 1923 the Canton of Bern alone, with a population of httle
more than 700 000, had to hospitalize 700 cretins incapable of any social hife,

Cantons where the incidence has always been high are Aargau, Zunch,
Schaffhausen and Thurgau in the north; Appenzell, St Gallen and Grau-
biinden 1 the east; Bern, Luzern and Un 1n the centre, and Fribourg and
Valats in the south-west There 1s less goitre in the north-western cantons,
Basel, Solothurn and Neuchatel

Thanks, however, to the official encouragement given to the general use
of rodized salt the situation has greatly improved tn recent years. Goitre
rates have fallen steeply and deaf-and-dumb institutions have been closed or
diverted to other purposes (Wespt %5 7). Recrutment statistics provide

dence of this d d trend Table VII (Schaub )

TABLE VI INCIDENCE OF GOITRE AMONG ARMY RECRUITS (N SWITZERLAND

vour T R
1 1900 26285 2451 02
1905 2448 3083 1169
1314-18 151106 3403 225
1921 2283 1817 553
1925 a6 1218 209
1935 20627 38 "
193945 228 101 340 15
1945 31654 2t 13
1947 31366 2 07
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shows that between the years 1925 and 1947 the number of exemptions from
multtary service on account of goutre fell from 31 per thousand to less than
1 per thousand. The recession began with the introduction of sodized salt in
the early 1920's and has been maintained ever since

The same decline 15 seen in the goitre statistics relating to young people.
For ple, an i 1m 1937 of schoolchifdren in the Canton of
Valais—a region particularly affected-—gave the results shown i Table VIi{
{Bayard 6%}

TABLE VIl INCIDENCE OF GOITRE AMONG SCHOOLCHILDREN (N THE CANTON
S

OF VALA!

, Normaj | Papable | Entarped |Pronounced|
. Period | thyrolds | thyroids neck goifres
| (44 ‘ [vA] (%) (4]
| 1
' 1920 (Belore introduction of 1odized salty ( 38 ' 543 149 20
I !
' 1934 (Ten years after introduction of
| 10dized sal in 1924) * 705 713 21 015
i !

!

At three towns 1 the valley of the Broye, a singularly gortrous atea of
the Canton of Vaud, where 20% to 40% of conscripts were usually rejected,
Messerlh % has shown that between 1921 and 1951 thyroid enlargement n
children has very greatly decreased  The statisties are as follows; they
should be considered 1m the light of the fact that since 1924 100% of all salt
consumed by the people throughout the Canton of Vaud has been todized

Locality Golire rate (%)
w2 937 1951
Avencties 89 ur 71
Payerne. . . 180 224 40
Moudon 75 183 49

Similar results have been obtained from many different parts of Switzer-
land, and all responsible investigators agree that the descending curve of
merdence can be correfated with the penod over which supplementary
1odine has been introduced mto the diet of the population The sale of salt
is not a federal but a cantonal matter, 1 accordance with the salt faws of
jndtvidual cantons, Accordingly, the introduction of 10dized sait has differed
markedly from canton to canton, both 1n point of time and in regard to the
quanuty sold. Gore statistics coinaide precisely with these facts. Thus,
the reduction in the number of conscripts rejected on account of goutre
begins much earher 1n those cantons which mtroduced prophylaxis in the
years 1922, 1923 or 1924 than in those which did not introduce it untit
1929 or 1930, Furthermore, as is evident from the statistics shown in
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TABLE 1X RELATION BETWEEN CONSUMPTION OF IODIZEQ SALT
AND REJECTION OF ARMY RECRUITS ON ACCOUNT OF GOITRE

Average consumption of fodized Average number of rejections
2alt per canton, expressed as on account of goitee, per 1
Cantons ® | & percentage of total sait consumed Tecrults calted up

1910-22 | 1923-32 | 193342 | 194347 | 1910-22 | 192352 | 193342 | 194347

1109 Nigee [ 753 %5 960 363 167 18 03
10 to 17 Nit 300 681 868 301 212 60 07
18 10 25 L 85 251 535 %2 22 87 15

* 1109 Nidwalden, Vaud, Zug, Schafthausen, Schwyz, Obwalden, Vatais, Neuchatel, and

Appenzell Ausser-Rhaden i

10 to 17* Ticino, Glarus, Url, Appenzell Inner-Rhoden, St-Gallen, Geneva, Graubinden,

and Thurga
1816'25 Zurich, Bem, Luzern, Frbourg, Sotothurn, Basel-Stadt, Basel-Land, and Asrgau

** The singfe exception is the Canton of Appenzell Ausser-Rhoden, where jodized salt was
Introduced In 1922

Table IX (Schaub %), the magmtude of the reduction is directly parallel
to the absolute amount of 10dized salt consumed.

In his assessment of the resulis of gontre prophylaxus i Switzerland
published by the World Health Organization 1n 1953, Nicod %57 remarks
that the only canton which has almost entirely resisted the use of iodized
salt, that of Aargau, 1s the one which still rejects the largest number of young
people on account of goitre  Nicod”s later review %2 (1957) of the progress
of gotre prevention by 10dized salt in Switzerland re-emphasizes emphati-
cally its effectiveness and safety,

The dental canies problem 1n Switzerland has prompted Wespt and his
colleague Eggenberger %%, ©97. 8% (5 recommend the manufacture and
distribution of a dual-purpose salt enniched with 200 mg of sodium fluonde
and 10 mg of potassium 1odide per kifogram of salt

The literature on Swiss goitre )5 extensive; 1n the bibliography at the
end of this chapter, only a few of the more important epidemiological
studies are cited 2° 82

Ttaly, Sicily and Sardinia

The many descriptions of goitre and cretinism to be found 1n the classics
and in Itahan literature of the Middle Ages show that thyroid disease has
been a problem in Italy from earliest times Indeed, its seriousness and
persistence mnto the mneteenth century prompted one of the first and most
competent goitre surveys ever made under government ausptces  This was
the Commission of nineteen members appointed 1n 1845 by King Carlo
Alberto of Sardinsa to investigate the extent, nature and causes of the
disease throughout his Kingdom, which 1n those days compnsed the pro-
vinees of Savoy, Nice, Piedmont, Genoa and the 1sland of Sardina.’

7
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shows that between the years 1925 and 1947 the number of exemptions from
military service on account of goitre fell from 31 per thousand to less than
1 per thousand The recession began with the introduction of iodized salt n
the early 1920’s and has been maintained ever since.

The same decline 1s seen 1n the gottre statistics relating to young people
For le, an cx in 1937 of schoolchildren 1n the Canton of
Valais—a region particularly affected—gave the results shown n Table VI
(Bayard %)

TABLE VIII INCIDENCE OF GOITRE AMONG SCHOOLCHILOREN IN THE CANTON
F VALAIS

‘ Normal | Palpable | Entarged [Pronounced
Period thyroids | thyroids |  neck gotres
) ) (¢4 (4]
| 1920 (Before Introduction of lodized salt) 288 543 e 20
1934 (Ten years after Introduction of
\ lodized salt In 1924) 705 273 2t 015

At three towns 1n the valley of the Broye, a singularly goitrous area of
the Canton of Vaud, where 209 to 40 %, of conscripts were usually rejected,
Messerlt 5 has shown that between 1921 and 1951 thyrotd enlargement 1
chuldren has very greatly decreased The statsstics are as follows; they
should be considered in the light of the fact that stnce 1924 100% of all salt

d by the people througt the Canton of Vaud has been iodized

Locahry Gotre rate (3})
1921 937 1951
Avenches 78.9 241 71
Payerne 780 224 40
Moudon 735 183 49

Sumilar results have been obtained from many different parts of Switzer-
land, and all responsible investigators agree that the descending curve of
ncidence can be correlated with the period over which supplementary
iodine has been introduced nto the diet of the population The sale of salt
15 not a federal but a cantonal matter, 1n accordance with the salt laws of
individual cantons Accordingly, the introduction of 10dized salt has differed
markedly from canton to canton, both in point of time and 1n regard to the
quantity sold. Goitre statistics coincide precisely with these facts, Thus,
the reduction In the number of conscripts rejected on account of goitre
begins much earlier in those cantons which introduced prophylaxis in the
years 1922, 1923 or 1924 than in those which did not introduce 1t until
1929 or 1930. Furthermore, as is evident from the statistics shown in
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who have written especially about these regions are Pighini,™? Muggia,?! 75
Frono,®* Cancellara,* Paccagnella,™ and Turn® Their investigations
indicate that in the area between the Alps and the river Po thyroid enlarge-
ment is found sn 20%-30% of schoolchildren. In high districts
these figures may rise to 50%-60% and in certan commumnities may reach
even 70%-80% Indeed, rates of 1009 are not unknown (Ambrosi ).

In the great north-central plains thyroid disease 1s much less severe,
but acute episodes do arise from time to time as, for instance, that recently
described by Denes & Andreotts ¥ at Carmignano di Brenta, a municipality
in the grape and cereal-growing country 9 mles north-cast of Vicenza 1n
Padua Province. Here, signs of thyroid enlargement were first noticed 1n
1947, attained their greatest sevetity by 1950, and then disappeared.

Apart from the main Alpine belt and the sporadic outbreaks in the
northern plains, goitre also occurs 1 the Ligurian Apennines immediately
north of Genoa (Bagnasco ®7). A large number of places in the Etruscan
Apennines due south of Modena are also affected. For instance, Mucct ™2
records rates of between 10% and 60 among boys and girls at Montese,
Magreta, Guigha, Mirandola and Riolunato  The etiology of acute gotre
in the valieys of the Secchia and Dolo rivers has been invesuigated by
Pighini & Gualdi; ™ and Businco *® has desenbed at length all the cie-
cumstances surrounding a goitre focus of unusual seventy in the district
of Sestola near Monte Cimone. Somewhat further south 1s the Province
of Pistoia, where an epidemic of goitre in young people occurred 1n the war
years 1941 to 1946 (Bizzamn *°)  All sarts of theories have been advanced
to account for this outbreak-—nitnites and sulfur compounds in the water-
supply, emotional factors due to war stress, and so on—but 1t seems that
food defictency during the period of emergency is the most likely cause.

In Tuscany, also, epidemic goitre has been noted by Nassi & Calamari ™7
in the region of Montespertoli, an upland vilfage about 16 mules south-west
of Florence Clinical examination of the children led to the conclusion that
an nfection acting on a population in a state of nutritionat deficiency and
border-hine thyroid adequacy was the cause The most recent accounts
of gotre 1n the Province of Florence are those by Maghenimi & Zecchi 79
and Maghenint et al.’#? They examined 1756 children aged 6 to 14 years
m the communes of Londa, San Godenza, Vicchio 1 Mugello, Pontaswieve
and Rignano sull’Atno, and found goitre rates varying from 36% 1n Londa
10 70% 1n Rignano  Goitre was evident 1n 69 out of 97 mentally subnormal
and 1n 77 out of 134 mematly normal children

Due east of Florence towards the Adriatic coast, a centre of severe
endemic goitre lying in the upper valley of the river Conca on the eastern
slopes of Monte Carpegna has been minutely described by D’Alo ™ The
affected area, which 15 horseshoe-shaped, 15 bounded by the Faggiola and
San Paolo on the east, by Monteboaggine and the Carpegna massif on the
south, and by Mosnte Palazzuclo and Costagrande on the west. The most
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Modern reviews of the goitre problem 1n Italy have been undertaken
by Ciocch1 ™3 77 and by Costa and his school,” %7 both of whom refer
particularly to the outbreaks of acute goutre that occurred in Piedmont
during the war years of 1940-1945, According to Costa & Mortara,™?
endemic goitre, widespread in the last century and in the first decade of the
present, subsequently began decreasing in the north of Italy while increasing
somewhat in central and southern parts of the country About 20 years
ago, however, the phenomenon of eprdennc gottre made its appearance in
the north, this has given nse to much rescarch to determune 1ts cause and
its relationship 1o the endemic type In Costa’s view, the endemic noxa in
Italy cannot be identified with goutrogenic factors or jodine deficiency in
local foods and waters; no substantial differences have been shown between
endemic and non-endemic areas.

Cerlett1 ™ 15 convinced that even today five million people in Italy
(1e, 102 of the population) are affected by thyroid disease. The Itterature
of Italian goitre, of which we cite 100 papers,®?® 2 15 certainly the most
extensive of any country i the world

Geographically, the endemic occurs to a varying degree thronghout the
whole of the Alpme region in the north of the country, m a semi-ctreular
belt extending from the Ligurian Alps through Predmont, Lombardia and
Trentino to Venezia in the east The disease 1s found not only in the upland
valleys, but also n the plains north and south of the river Po, although to
a much smaller extent.

In the Region of Piedmont, wtensively studied by Cerruti ** and by
Mortara,”®® the places particularly affected are, first, the towns of Cunco
and Saluzzo, where outbreaks of acute goitre occurred among troops
1n 1940-41 (Anglesio *%6) Children from various schools 1n the districts of
Cuneo, Saluzzo and Alessandria were recently (1957) examuned by Mortara
& Martinett: *5! who found that the disease still affects the rising generation
1n these places Farther north are the district of Aosta and the valley of the
Dora Baltea at the foot of Mont Blanc, long a noted centre. It has been
surveyed fully by Trikurakis 7¢ 7% and by Ragg & Marocco,”" %6 and
was the focus of an outbreak described m 1948 by Voghazzo & Forni ™
Nearby, 1s the Canavese region, the chief centre of which 1s Ivrea where
acute forms of gortre 1n adults have been noted by Maggiorottr,™®

In this same general area goitre is seen at Vercellt and in the valleys of
the Sesia and Ticmno nvers. Also affected are the Province of Varese
between Lakes Maggiore and Como; the town of Como itself; the valley
of the nver Adda and the mountains of Valteltina and Sondrio in the
extreme north; the alpine hinterland of Bergamo and Brescia, including

Breno and the valley of the Chiese; the valleys of the Pejo, Sole and Rabbi
west of the Trento-Bolzano awis; the Region of Trentino-Alto Adige (which

includes the Dol ); Val ; the neighbourhood of Belluno; the

Carmic Alps and the district acound Udune in Venezia-Giulia. Authorities
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adults and 49 % of children showed thyroid enlargement, and 58 ; of adults
and 419 of children, dental fl No direct ionship between the
two conditions could be established; the greatest scventy of fltorosis was
seen in people with no thyroid abnormality.

In Sardimia the prevatence of goitre among schooichildren has been
studied 1n the Province of Caghari by Corda 7 and by Desogus ¢ In
the middle-west of the country, goitre is endemtc in the town of Santu-
lussurgiu and 1ts surroundings, but cretinism 1s unknown (Ferrans et al.”)

At Sondrio and 1n the Valtellina gortre prophylaxis by iodized salt
(1 50000) had, by 1938, been 1n vogue for about fourteen years with good
results {Lutrario; ™ Ambrosi; %* Cerrutt ™} In that time the number of
cases showing obvious enlargement fell from 5797 to 147, Besides the
general decrease in thyroid size there was a lowening of the wnfant-mortality
rate and improved mental alertness among children Iodine preventive
measures have also been applied 1n the Valle d’Aosta by a commuttee set
up by the public health authonities of the Region Todized chocolates, each
contaming 10 mg of potassium 10dide, were distributed to schoolchiidren
at the rate of two per week, and in some schools open wide-mouthed bottles
of tincture of 10dine were exposed Good results were obtamned from the
chocolate tablets, but no benefit followed the exposure of 10dine tincture.

Malta

D C Wilson (personal communication, 1955) says she has seen goitre
1n Maltese people who come from the north and west of the sland where
the water-supply 1s derved from wells It 1s of interest that waters obtamned
- . by . . Lo, s

Spain

There 1s a great deal of goitre in Spain - Almost all mountainous districts
are affected, some to a serious degree  Particulars of the distnbution are
denived from four principal sourees® (1) the 1927 report of the Commssion
of Inquiry on Goitre, set up by the Spanish Government in 1921 under the
direction of Marafién; 71 792 (2) the long and smportant series of nvestiga-
tions (1947-56) conducted under the leadership of Ostiz de Landazun of
the Faculty of Medicine, Granada, and the Department for Goitre Pro-
phylaxis, Board of Health; 763 7% 88, 813 815 (3) the reports 788 810 of the
well-known Barcelona endocrinologest Cafiadell, in collaboration with the
Swiss 1nvestigators Eugster & Dieterle; and (4) the accounts of goitre in
the Province of Sevilla by Rivero Fontin and co-workers % 8t The
lustory of goitre m Spam has been written by Greenwald ™ who sheds
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mmportant nhabited centre m the locality 1s Montecerignone. Extreme
poverty, malnutrition, wretched living conditions, and unhygienic ili-lit and
badly ventilated houses are the unhappy lot of the people 1n this area.

Goure 15 endemic m Umbria and throughout the Marches in central
lealy, especially along the tiver Tenna i the Montegallo area and it other
parts of the province of Ascolt Piceno (Scoccianty; 772 Balice; 8% 6% Prp.
zurra, ¥ Piizurra & Modolo; ™* Tarozz 17%)

In the west, the disease is known 1 the Latium uplands i the Viterbo
areas (but not in Viterbo itself) to the north of Rome {Cerletti ) and at
Giultanello 10 the pansh of Cort to the south of Rome. This latter focus
has been carefully studied by Di Porto & Antomott,” who point out that
the district 1s extremely voleanic and suggest that the prevalence of goitre
may be due to an excess of silica in the local foods and waters, a theory in
agreement with that of Trikurakis 778

Very high goitre rates (40%-80%) are reported by D’Amora ™ from
villages 1n the Sorrento peminsula At Lauro, a village in the uplands about
30 mules east of Naples, 9% of boys and girls between the ages of 5 and
14 years were found by Sainsbury ™ to have gostre, The marn formation
in the area 15 Iimestone and the water 1s deep spring with the low 1odme
content of 2 1-22 pg per hitre  The dietary standards are poor and the

ption of fish negligible. Qn the opp side of the country, goitre
centres are found both on the sea-shote and 1 the hills of the (argano
pemnsula (Cerlettt 2), In Lucana thyrowd enlargement ts noticeable at
several places, particuladdy sn Potenza Province (Ambrosi; 3 Calbi; ®7
Pitzurra & Ponzio, 7% Barbueri, %0t Pitzurra, Modolo & Mon %63y Throat
measurement of elementary schoolchildren at Palazzo San Gervasio, a
town lyng between Canosa and Potenza, has enabled Cancellara ®* to
calculate an index of thyroid enlargement which he finds useful for determtn-
ing the incidence of thyroid disease in a given section of the population.

In the extreme south of Italy, a Lttle-known area of endemuc goitre has
been described by Criscentt 718 Thys includes the districts of Savucy, Taverna
and Maranise, in the Province of Catanzaro, where the people hve very
Targely on chestnuts and rye, and where the soils are derved from granitic
rocks and archaean crystalline schists. At Taverna 93 % of schoolchildren
were found to be sufferers; at Savuci the rate was 773,

Focy of enderue gottee and eretinism 1n Sicrly have been described by
Coppola 7 who refers especially to Nicosta in the Province of Enna as
a noted centre A prevalence of 29 % among schoolchildren in the munici-
pality of Barcellona Pozzo di Gotto on the north-east seaboard was observed
by Spadare & Alfaro % 10 1955, Dental flucrosis was noticeable in n.h:gh
percentage of the goitre cartiers A re-survey of the area by Previtera,
Molino & Pagano ™8 {n 1958 revealed lower rates, due it is bclicvfd to
. s 4 ¢ bitant
improved water supply. In 1957, Ti gs s
of the willage of Motta Camastra (Province of Messina); of these, 427 of
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whence 1t spreads over the Astunias, Oviedo, Ledn, and into the valleys of
Galicia In the extreme north-western section the endemie is less severe
than 1n the high valleys of the Pyrenees between Spain and France where,
in addition to simple goitre, there is a good deal of crettmsm and deaf-
mutism. Cretinism is also a strong feature in the Asturias—an area which,
according to Marafién,™? has been studied in great detail by Goyanes and
Cemga. Here, numerous cases of goitre and cretinism oceur near the sea
as well as at hugher fevels

In central Spain goitre 15 found along the Sietra Gredos fying to the
south of Avila Province west of Madnd. In thus arca the valleys of the
head-waters of the rivers Tormes and Alberche are particularly affected,
as also 15 the valley of the Tiétar where the endemic has been studied 1n
some detail by Martin Lizaro ™ West of this towards the Portuguese
border, gortre 1s exceedingly prevalent in the Sierra de Gata  Here, indeed,
we find one of the most notonous goitre centres tn the world—the region
of Las Hurdes, a section of the Sierta de Gata coveting the extreme northern
tip of the Province of Caceres.

Las Hurdes constitutes an incomparable field for the study of goitre.
1t 1s the most important focus 1n all Spamn  The area, mapped by Pérez-
Vitona,?® s composed of three long n:mow vatlieys of unbelievably rough
and inhospitable country. The geological f 15 excl 1y of slate
and has a sparse and unproductive vegetation The prevalence of goitre
exceeds 25 % and large numbers of the goitrous population are also cretinod
Cases of idiotism, deaf-mutism, 1nfantihsm and dwarfism are many, and
not a single man from the district has been found fit for military service,
either because of low stature or matked feeble-mindedness The whole
region 15 one of tragic aspect and has given rise to numerous legends—often
exaggerated no doubt—in the records of ancient and modem travellers and
national writers {Legendre, 7 Marafion ') Other goitre areas in central
Spain lie in the east towards the Mediterranean, they include the Province of
Castellén de ia Plana,” particularly the mountains of the Alto Maestrazgo,
and a large part of the Province of Valencia

Southern Spam’s most goitrous province 15 Granada, where the region
of Las Alpujarras on the southward slopes of the Sterra Nevada 1s ughly
affected and has been studied in detail by the school of Ortiz de Landa-
Zury, 9. 796 803, 813 815 Elsewhere 1n the south goitre is found 1n the north
part of Sevilla tn the neighbourhood of Constantina between the Guadal-
guwit and the Sierra Morena  Cases are also entountered 1n the Sierra de
Algodonales between the Provinces of Sevilia and Cadiz, and in the Serrania
de Ronda on the west border of Mélaga Province 78 23, a1t

The outcome of a great deal of expermmental work in the University
of Granada has inced Ortiz de L 4 and his coll that
1odine deficiency 1s the main cause of goitre in the Granada area. This
assumption 1s based on the extremely low iodine content of {he drinking-
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Interesting light on reasons for the comparative rarity of the disease among
Tews,

From data acquired by provincial health mspectors, Ortiz de Landazuri
and his colleagues have prepared a map showing, by a system of erosses,
the comparative intensity of the endemtc 1n these provinces in which the
disease chiefly occurs *®. 83 The yndications are as follows (provinces
not mentioned are those for which no data are given on the map):

Northern Provinces

Lugo o Navarra ++++
Oviedo P4+t Huesca +3
Santander  + + Lénda +
Vizeaya Ey Barcelona 4+
Pontevedra  y Zaragoza +

Leén T++ Tarragona  +

Zamora +
Central Provinces

Avily ++ Guadalajara + - +
Madnd - Terue! +++
Céceres T4 Albacete -
Cuenca -+ Castellén +
Badajoz o Valencia +++
Southern Provinces
Sewilla + - Jnén ++
Cérdoba + Granada +4+ 44
Cidiz + Almeria +

Mélaga + 4

In the north, a belt of very considerable intensity extends from Catalonia
along the Pyrenees through the Cordillera Cantabnca and the Asturias to
Galicia 1n the west. Tractng this i greater detail, we find goitre especially
1n the north-west of Gerona Province, where the regions of Ribas de Fresser
and Camprodén provide many cases In the neighbounng Province of
Barcelona there 1s much goitre in the Montseny area, in the Llusanés
valley and 1n the country to the north of Berga. Conditions here are
described by Eugster & Dieterle ™ as exceedingly remuniscent of those
n the foothlls of the Swiss Alps, indeed, the people call the district
“ pequeiia Swiza” (Ihtle Switzerfand). Incidence is fughest in the deep
intersecting valleys of the region, whereas the high tablelands are mostly free
from the disease, Piulachs & Cafiadell #9 have prepared a detailed goitre
map of this area, and representative photogtaphs of the Mantseny goitres
have been published by Draper Alffaras 78 .

Moving westwards through Lérda Province, we find considerable goitre
in the Valle d’Ardn. In Huesca, the northern valleys of the river Cinca
and 1ts tributaries are well known to be goitrous. From thence the endemic
extends through the Frovinces of Navarra and Vizeaya into Santander,
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Western Europe
Belgium

It seems to be generally agreed that goitre is not an outstanding problem
in Belgium today, although there are carlier reports of its endemic occurrence
m some of the high-lying southern districts towards the Ardennes and
Luxembourg The comparative absence of goitre goes hand in hand with
Clinquart’s ® observation that dnnking-waters in Belgium contain more
1odine than those in Switzerland

Duning the 1939-45 war, however, Brull ®° first drew attention to a
changing inctdence of thyroid disease in Belgiem. He found that the basic
metabolic rate of all goitre cases seen at his clinic 1 Liége showed a steady
decline from an average figure of +-21.9% in 1939 to +6 6% in 1942 This
was confirmed by Bastenie *# who, 1n comparing the number and seventy
of cases of thyroid disease observed at the St. Pierre Hospital, Brussels,
1n the years before and during the German occupation, found that whereas
the incidence and seventy of hyperthyroidism did not increase and may
probably have decreased, there was a stgnificant increase m the incidence
of simple goitre at all ages but particularly 1n the age-group 15-25 years

The observed changes 1n inctdence and severity are thought to be related
to the quantity and quality of the diet, especially the wartime increase
the consumption of cabbage and related vegetables which contain sub-
stances of the throurea group In this connexton 1t has been pormnted out
that 1if the mcrease 1 simple goitre in Belzium dunng the war was in fact
comparable to the * cabbage ” or “ rape-seed ” goitre of animal expeniments,
a reduction 1n severity might be expected i cases of toxic goitre on the same
diet  Such patients would, n effect, be treating themselves on the most
modern lines If this 1s the correct explanation it leaves open the posstbility
that there was an actual increase 1n thyrotoxtcosis in Belgium during the
war, which was masked because the population was being simultaneously
dosed with thiourea compounds taken in the diet.

The Iatest study of the distributton and frequency of goitre in Belgium
1s that by Brull & Dewart ** who examined 54 000 army recruits  Of these,
only 13% showed thyroid enlargement at enlistment; and most of the
cases were simple hypertrophy without either toxic or hypothyroxd
symptoms, Frequency increased from the coast to the east and south of
the country, t e, towards the higher areas of Lz Fagne, the Ardennes, and
Luxembourg

England and Wales

In tus Treatise on Enghsh Bronchocele, Inglis 8¢ says that at one time
goitre was as common 1 the Yorkshire dales as 1n Geneva or any of the
Alpine valleys Children could be seen at play with pieces of black velvet

tied around their necks—a superstition to ward off the goitre evil or charm
1t away.
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waters from affected districts ™8 and is confirmed by the fact that in the
space of 16 months there was an over-all decrease in the gotre rate, from
607 to 337, as a result of admimistenag fodized salt (1: 50000) in an
aren of extreme endemucity 78

Most recent results (1959) of mass prophylaxis with iodized salt in
Spamare those of Ibafiez Gonzilez et al.”® whose data refer to the Alpujarras
tegion of Granada Apphed to a population of 100 000 since February 1954
the general use of 10dized salt has resulted in a progressive decrease in the
goitre rate from 55% in 1953 to 339 in 1955 and 13% in 1958. Nerher
admmstrative inconvemsence nor any harmful secandary effects were
encountered

Partugal

The distribution of goitre 1 Portugal is best seen on the map published
in 1950 following the 1 1nquiry on endemic goitre ituted by the
Dhrector-General of Health.3? Although nowhere exceptionally severe, the
disease 15 endemic or of frequent occurrence in the following districts:

Northern Portugal  Vinkas, Terras de Bouro, Mondim de Basto, Ama-
rante, Penafiel, Baro, Castro Daire, and Sitdo. Cretimsm js seen 1n
Vinhats and Amarante.

Central Portugal To the east, the goitre belt of western Spain (Sierra
de Gata} extends wnto the districts of Sabugal, Belmonte, Penamacor,
Funddo, Castelo Branco, Oleiros, Proenca-a-Nova, Magde, and Crato
On lower ground to the west, nearer the sea, goitre occurs 1n Miranda do
Corvo, Anctio, and Castanheira de Pera

Incidence 1s highest m the regron of Castelo Branco, here gostres begin
to develop 1 children of five or six years of age, whereas the great majority
of cases 1 other parts of Portugal occur between puberty and the age of 50

South Portugal Goitee 1s seen in the bourhood of M
Novo east of Lisbon, and there {s a belt of mdd mgidence in the extreme
south, coveting the distnets of Odemura, Oungue, Almodovar, Loulé and
Tavira

In common with other countries the discase occurs much more frequently
1n females than 10 males, 1t often appears m various members of the same
farmuly; but i only four sufferers was it found to be associated with deaf-
mutsm, Goitre is known by several different words in Portugal. Bdcio is
the medical term, but ordinarily o 1s called papefra ot pape; other famtliac
names are garganta, lobo and papada. Organic debility, emotional dis-
urbances, prolonged anxety, and peculiar qualities of soil and water are
some of the factors to which goitre Is atinbuted. There 1s a popular notion
in Ourique that the disease is caused by drinking water that has passed
over the roots of a fig-tree.
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Other records ® n the early medica) history of English counties show
that gostre and cretimism were prevalent in Norfolk, in the Manchester area,
in Monmouthshire, in Cornwall and clsewhere  There was a strong endemic
centre in Weardale in the west of Durham, and cretins were notorious at
Chiselborough n Somerset A local predilection for oatmeal cakes was
believed to be responsible for gotre 1n Matlock And to thus day the
synonym * Derbyshire neck ™ brands that county as goitrous—albeit
unfairly, for gotre has a\ways been cqually severs, 3f not more so, n

fordst Gloucesterst and Dorset

The first connected account of the geographical distribution of goitre
i England 15 that by Berry,** who found thyroid enlargement moderately
prevalent 1n the south-east of England, particufarly 1n the Weafden area
of Sussex and on the high ground around Horsham and towards Hasfemere
m Surrey. To the west and south-west the disease was conspicuous mn
Gloucestershire and in east and south Somerset  There was a distinet seat
of occurrence 1n the Warwickshire villages south of Leamuington  Farther
east, a centre ewsted 1n Bedfordsture and there was cvndencc of gome n
Buchinghamshire and Hert{ord in the mdt
number of gostrous people were notwed n Staflordshure, Lancashwe and
Derbyshire  From thence Berry traced the goitre belt northwards through
Yorkshire to the yjunction of west Durham, Nosthumberland and Cumber-
fand where there was a well-known endemic focus at the lead-nune distriet
of Alston and the adjoining area of Weardale

A all-England of 375000 schoolctuldren
undertaken by the medical department of the Board of Education in 1924
not only confirmed the goitrous areas delineated by Berry a quarter of a
century earlier, but disclosed a trend of goutre incidence sufficiently dis-
quetng 1o prompt the first official recommendation that * prophylactic
admunstration of todine to girls 1n some enderc areas of England and
Wales might be desirable " 8% The over-all goitre rate revealed by the 1924
survey among schoolchildren of 12 years of age was 526% 1n boys and
1333% 1n garls 1n areas of high prevalence, and 149% 1n boys and 4 419
n girls n the areas of low prevalence. But some places—notably, in
Devon, Somerset, Oxfordsture, Northumberland and Durham—had goitre
rates of 10% to 20%, among boys and more than 30% among gurls.

The prophylactic admimstration of 10dine recommended by the 1924
survey was never given general effect; but during the inter-war years some
attempt was made to introduce 1odized chocofate and sweets 1n a few

affected local These however, d ded too much on the
unaided efforts and enthusiasm of sndividual public health offictals and
ly facked the ity which support from a central authonty

alone can ensure

See reference 832, 834 £33, 337, 838 843, B45, 847 31,831, 856,157, 85 2
a0 82, 88 890, and 893 1n the bibliograph: 31050, 86, BT, 89, 860 se286s, s, 472, 823,
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compulsory use of iodized salt and suggests that it would possibly be
helpful to make thyroid discase notifiable. The prevalence of goitre in two
contrasted South Wales communities (Rhondda Fach and the Vale of
Glamorgan) has been studied by Cochrane & Miall,*# with the assistance of
W. R. Trotter

Schools of north Oxfordshtre i which the Medical Research Council
team *7 recorded high goitre rates in 1944-48 were re-examined 1n 1958 by
the same clinical methods and classtficatton. The area 1 question lies on a
belt of limestone and marl extending through the county from Witney to
Banbury Hughes, Rodgers & Wilson,®s* 5% who undertook the second
survey, found that the previous rate of 26 9% in girls had significantly
increased to 46 4%, No significant change was found in the rate for boys;
this remained at 14 §%

The 10dine level in mulk from farms n north Oxfordshire was compared
with that of milk from farms 1n Wales and Essex, no significant difference
was found It 1s suggestive, however, that the water drunk by cows 1n
non-goitrous Essex contained from 18-117 ug of 10dine per litre whereas in
Oxfordshire and Wales, both of goitrous tendency, the corresponding
values were 17-5.3 pg per htre and 2 2-2.9 ug per htre, respectively

In 1944 %3¢ and again n 1948 *7 the Goutre Subcommuttee of the Medical
Research Council urged the general adoption of 10dized salt throughout
the United Kingdom as a means of preventing goitre The level recom-
mended 1s 1 part of potasstum iodtde 1n 100 000 parts of all salt, or 1 part
1 40000 parts if only packeted table salt 1s to be 1odized In 1950 the
Government of the day seemed disposed to fulfil this recommendation; but
no action followed All that has been sanctioned and carnied 1nto effect
15 the addition of potassium 10dide to the vitamun tablets issued by the
Mimtstry of Hezlth to expectant and nursing mothers.

Scotland

The survey by the Medical Research Council * mentioned in the
section on England and Wales confirmed the well-known fact that the
content of 10dine 1n drinking-water 1s a determining factor in the distribution
of endemic goitre  Even more important, however, was the finding that an
1odine level which 1n a soft water may be adequate to prevent goitre may
be insufficient where the water 1s hard. This explains why 1n Scotland,
where the waters are manly soft, goitre appears at a lower level of 10dmne
mtake and 1s much less prevalent than i England, where the waters are
mamly hard

Although goitre 15 not a common disease 1n Scotland there are never-
theless some areas where 1t 15 prone to occur, namely, 1n the Southern
Uplands and 1n parts of Inverness-shire. At one time the affected region
1n the south extended over the greater part of Roxburghshire, the west of
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Without doubt the prevalence of gonre n England has considerably
dummnished over the past hundred years m of rising dard
of public hygiene, better food and improved water-supplies; but the disease
has never been entirely extingwished and has always continued to disturb
the minds of research groups and organizations anxwous to improve the
physique and health of the people In the year 1936, i the County of
Somerset, goitre rates of 36% were suil the rule among schoolgirls living
m the neighbourhood of Taunton, Yeovil and Wells; ¥4 and 1n 1940 urgent
attention was being drawn 1 the medicat press to the high inaidence of
goitre persisting thronghout South Wales &

The war of 1939-45 brought the subject mto a new prommence because
of reports that thyroid enlargement was increasing in aseas cut off from
supplies of sea-fish It was also noticed that the condition was unusually
common among young women drafted mto factores for war work. The
Medical Research Council of Great Britain thereupon appointed a com-
mittee to consider these observations and to carry out special surveys of
certatn sections of the papulation in several counties of England and 1 two
m Scotland  Among the committee’s findings were established gotre
in 507, of adult women at Hook Norton, Oxfordshire, thyroid enlargement
in 43% of girls at Sherborne wn Dorset, in 269, of boys and gils at Oke-
hampton 1n Devonshite; and w21 % of gutls at St Albans, Hertfordshire
By contrast, only 2% of children showed thyroid enfargement at Matdon i
Essex where the drinking-water 1s nich in 1odine *™

In shor, the areas in which official surveys have located evidence of
othne deficiency mn England are the same today as they were 50 or 100 years
2go. At the time of their mvestigation (1944) the Gonre Subcommuttee of
the Medicat Research Council estimated that 11 England and Wales there
were some 500000 cases of thyroid enfargement 1n persons of ages 5 to
20 years inclusive.35 There is no reason to suppose that this figure 1s any
less today, 12 years later; indeed, the following comparatively recent seports
suggest the very opposite Lisney,*t County Medical Officer of Health,
Dnrsct rcfers 10 3 surprising increase 1n thyroid enlargement coupted with

1 de and among women seen at the Dorchester
ante-natal chnic tn 1949 compared with previous years, Similarly, Simp-
son *8 reports thyroid enlargement hnked witht real sdl-health, lassitude and
catarrh among exp mothers ding ler ante-natal clitiics n the
Ysle of Wight duning 1951, Cooke 8¢ also desctbes a symptom-complex
among women 1n West Hartlepool which responds to thyroid medication and
15 belteved 1o be analogous 1o, 1f not :dentical with, the Roberton syndrome
commonly met with in Christchurch, New Zealand  This mvolves lassitude,

coldness, and hmr changes {ollowing pregnancy, and is regarded as a
v msnnatesad o v sedamun anitre. Hoey ¥

' . ** mmouthshire,
LA . . ymmends the
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near the sea coast. They extend from Waterfoot near Cushendall in the
north, to Derryclone in the extreme south of the County and are bounded
on the north by the Atlantic Ocean and the North Channel, on the east by
Belfast Lough, on the south by the city of Belfast and the river Laggan, on
the west by Lough Neagh, and on the north-west by the Ballymena region
of the County. The type of country vartes considerably On the north-east
15 a coasthne of steep escarpments rising from the sea, nland a great
plateau slopes down to a low-lymg area on the west covered by flat bog or
deposits of glacial clays and gravels.

Compared with other countries, the average goitre rate in Northern
Ireland is not hugh. In every 1000 chuldren examined, Erskine found 39 cases,
of which 26 were tn girls and 13 1n boys  She saw more thyroid enlargement
1 rural than 1 urban schools and seldom found a case among sea-coast
communities  Although the over-all rate averaged only 3 9%, there were
some tndividual schools ont the west plateau and 1n the valleys sloping
towards Lough Neagh where the rate reached anything from 9% to 25%

Faulty dret, 1odine deficiency, bad hygiene and poor houstng are the
causes of goitre 1n County Antrim, according to Erskine  Focal and general
infecttons are commoner 1n goitrous than in normal children; and the
adverse effect which the condition has on the health of women durning
pregnancy and at chuldbirth 1s particularly noticeable

Treland

The general smpressions of those competent to judge are that goitre 15
obviously much commoner m Ireland than 1n England  The area of highest
endemicity 1s the South Riding of County Tipperary, but the discase 1s
also known i County Dublin, County Wicklow, County Meath, and wn
Kilkenny ™ (also 1 Brady and T. Stallard—personal lon
1955) Cases have been recorded in an orphanage in Shgo (M Kirby—
personal communication, 1950) and there 1s a slight incidence in Counties
Leix and Mayo Gontre 1s said to be unknown in Galway and Kerry ™2

The high prevalence in South Tipperary has been the subject of study
by the Medical Research Council of Ireland over a period of years, and the
results of therr mvestigations are to be found in papers by O’Shea,™
Naughten,*® and O’Donovan *® Data (see Table X) were accumulated
from chnical ination of schoolchildren and ct determination
of the 1odine content of the local dietary, soils and waters, not only 1n
South Tipperary but, for companson, 1n the non-goitrous sea-coast village
of Spiddal 1n Galway, and 1n Port Laoighise (Maryborough) and Clare-
morris, two localittes of intermediate goitre mcidence

These data show clearly how goitre 1s most prevalent where there is
least 10dime in the locally produced food 1k, soda-b; an

The outstandingly high 10dine content of sotl and water in the coastal
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Berwickshire, the upper parts of Selkirk and Peebles, the northern districts
of Lanarkshire, the castern side of Ayrshire, the whole of Dumfriesshice
and Kirkeudbrightshure, and the eastern panishes of Wigtownshire *® Today,
gotre has largely disappeared from these counties with the exception
perhaps of Dumfriesshure, where the valleys of the nivers Esk, Annan and
Nith remain distincily suspect areas The rates of thyrosd enlargement
found among boys and girls in the 1948 survey of the Medical Research
Councrd were* 199 at Kirkconnel 1n upper Nithsdale,” 20% at Langholm,
237 wm the Burgh of Lockerbie, and 179 in the Burgh of Dumfries,

In Inverness-shure a considerable amount of thyrowd enfargement has
been found among schoolchildren at Fort Wilham, at Kingussie, in the
Burgh of laverness wself, and 1n Glen Urquhart, where the rates were
particutarly high, 35% in boys and 47% 1n girls#7t

Elsewhere in Scotland goitre 15 of htile account nowadays, but to
complete the record st should be mentioned that in catlier times there were
goitre centres in Perthshire, . 8%, 89 in the Jsle of Arran,® around
Wishaw,%?® 1n the valleys of the western tributaries of the Clyde, especially
1 the coalmining district of Larkhall,**® and in and near Fauldhouse mid-
way between Edinburgh and Glasgow on the east side of the Forth-Clyde
watershed *” Goutre 1s also sard 1o have occurred at one time on the east
coast of Fifeshire 8%

A fairly recent study has been made by Keddte ¥ of the distrtbution of
congenttal deaf-mutism 1n Scotlfand He states that 928 congemital deaf-
mutes attended schools for the deaf 1n Scotland during the 20 years 1924-44,
but the records of the districts from which these children came reveat
nothing to suggest that deaf-mutism is invariably confined to the gostre
areas.

Northern Jreland

Dunng the course of routine medical examination of people from
Northern Ireland applysng for visas 10 enter the USA in 1929-30, Olesen &
Neal * found a surprising amount of sunple goitre among individuals
coming from all parts of the six counties of Ulster

In all, they examined 4648 males and 3992 females ranging 1n age from
a few weeks to more than 80 years, The rate of indisputable thyrord entarge-
ment among the males was 11.8% and among the femafes 27.4%. In both
sexes the greatest amount of gostre was found between the ages of 15 and
24 years, the percentage being fghest (33 1) n girls of 15 to 19 years

More recent nvestigations have been made by Erskine %% who
determined the goitre rate 1n children attending public elementary schools
1 the south of County Antrim. Here, the goitre areas are gypxcal rural
districts with some small towns and vilfages situated on the main roads and

T e Long sgo Mitchell # gave the disease the local name of ~ Nahsdale neck *.
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near the sea coast They extend from Waterfoot near Cushendall in the
north, to Detryclone in the extreme south of the County and are bounded
on the north by the Atlantic Ocean and the North Channel, on the east by
Belfast Lough, on the south by the city of Belfast and the niver Laggan, on
the west by Lough Neagh, and on the north-west by the Ballymena region
of the County. The type of country varies considerably On the north-east
1s a coastline of stecp escarpments mising from the sea, mland 2 great
plateau slopes down to a low-lying area on the west covered by flat bog or
deposits of glacial clays and gravels.

Compared with other countries, the average goitre rate n Northern
Ireland 1s not hugh. In every 1000 children exanuned, Erskine found 39 cases,
of which 26 were in girls and 13 in boys. She saw more thyroid enlargement
in rural than in urban schools and seldom found a case among sea-coast
communities  Although the over-all rate averaged only 399, there were
some individual schools on the west plateau and 1n the valleys sloping
towards Lough Neagh where the rate reached anything from 9% to 25%

Faulty diet, jodine deficiency, bad hygiene and poor housing are the
causes of goitre in County Antrim, according to Erskine. Focal and general
infections are commoner m goitrous than n normal children; and the
adverse effect which the condition has on the health of women dunng
pregnancy and at childbirth 1s particularly noticeable.

Ireland

The general impresstons of those competent to judge are that goitre 18
obviously much commoner 1n Ireland than in England. The area of highest
endemicity 1s the South Riding of County Tipperary, but the disease is
also known 1n County Dublin, County Wicklow, County Meath, and in
Kilkenny *® (also I Brady and T. Stallard—personal communications,
1955) Cases have been recorded 10 an orphanage in Shigo (M. Kirby—
personal communication, 1950) and there is a shght meidence 1n Countres
Leix and Mayo Gortre 1s said to be unknown 1n Galway and Kerry.s!

The high prevalence 1n South Tipperary has been the subject of study
by the Medical Research Council of Ireland over a period of years, and the
results of thew invesugations are to be found in papers by O’Shea,2it
Naughten,® and O’Donovan.®® Data (see Table X) were accumulated
from clinucal of schoolchuildren and ch 1 deter
of the jodine content of the local dietary, soils and waters, not only
South Tipperary but, for comparison, in the non-gottrous sea-coast village
of Spiddal i Galway, and in Port Laoighise {Maryborough) and Clare-
morrs, two localities of intermediate goitre ncidence

These data show clearly how goitre 1s most prevalent where there is
least 1odine 1n the locally produced foods—milk, soda-bread and
The outstandingly high jodine content of soil and water in the coastal
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TABLE X RELATION BETWEEN OCCURRENCE OF GOITRE IN SCHOOLCHILDREN
AND ODINE CONTENT OF SOILS, FOODS, AND WATER

| um; lodine content (ug per 100 g) of

| Place Courty | Somdron

? 1 sofis | waters | mik | 399 | potatoes
' Cloran Tipperary | €5 } 3 | 1s 10 15 05

| Kisneetan " | ssse | 09 09 o9 06

i Tipperary town - 65 aon oS 13 97 (2]

} Maryborough Leix 40 3010 17 35 126 ik

[ cmemoms Mayo 0 | suo | o4 3s | 107 70

“ Spiddal Galway o 143%0 201 556 183 56

distnict of Spddal corresponds wath high fodine 1n the local foods, and
entire absence of goitre

There 1s no law compelling people to use iodized salt i Ireland, but the
publc health anthonties encourage its use thronghout the whole country
and particularly 1n the areas where goitre 15 known to be prevalent,

France

The geographical distribution of goitre m France 1s the same today
as 1t has been thronghout the past century, although dunng that time the
1ntensity of the disease has much decreased {Mayet; #¥+-94¢ Rochaix )

The principal zones are: an eastern belt extending along the entire
German-Swiss-{talian frontier from northern Alsace to the Alpes-Maritimes
on the Mediterranean coast; a south-central zone covering the Auvergne
and Massif Central; and a strong but smailer belt along the Pyrences and
Spanish frontier. Isolated from these three mam areas are foct in the
Departments of Awisne and Orne  the north-west. Excluding the two
last-named, the districts of greatest sncidence may be conveniently hsted
thus.

North-castern Zone

Moselie Bas-Rhin
Vosges Haut-Rhun
Haute-Sadne Doubs

South-eastern Zone

Jucz Haute-Savowe
An Savore

Istre Hautes-Alpes
Drdme Basses-Alpes

Vaucluse Alpes-Martitimes



PRIVALINCE AND GEOGRAPHICAL DISTRIBUTION m

South-Central Zone

Puy-de-Ddme Sadne-ct-Lowe
Corrtze Lore
Cantal Rhone
Lot Haute-Losre
Aveyron Ardiche
Lozte Gard

Pyrences Zone
Landes Hawe-Garonne
Basses-Pyrénées Antge
Hautes-Pyrenées Pyrénées-orientales

In the eastern 7one the heaviest intensity hies in Savoy, where the Taren-
tase and Mauniennc ranges are ntersected by many goitrous valleys,
Bérard & Dunet %18 regard water as the essential enological agency in this
area and they point 10 the exsstence of * consenpts’ springs ™, where recruits
used to po to drnk the water 1 order to develop neck swelling and so escape
miltary service  They recall, oo, the boarding-school at St. Jean-de-
Maurienne where the pupils developed goitres dunng term but lost them
when on hohday out of ts area, only 1o develop them agmn on returning
toschool, * Holiday goitre ™ also develops rapidly in indviduals from other
parts of the country who choose to spend their vacation 1n these goitrogenic
distnicts  To the south, goitre persists m the valleys of the Mantime Alps,
more particularly afong the nivers Vésubie and Bevera (Marot #3%)

North of the Savoy mountans the endemic stream follows a course
along the Jura and Vosges whence 1t swings 1o the north-west over the
Moselle country and through the Ardennes into the northern Pans plain
In Alsace the hugh ground on either side of the Rhune 1s affected, but the
valley between, especially in the bourhood of Strasbourg, 1s goitre-
free (Rhem *7)

Of the south-central area covering the Auvergne mountains and extend-
1ng eastward 1o the Cevennes and westward to the plain of Aquitaine, there
1s little o be said except that compared with former timies the intensity of
the enderme hete has greatly decreased in recent years (Berard & Dunet *'5)
A series of faitly recent papers by Faugére, Vichnevsky, Laroche, Trémo-
heres and Derache define the present gottre posttion in the Departments
of Corréze and Lot, which lie 1n this general area #97. 97, #38, 858, 952 [y pothy
these departments gotre rates of 40% to 50% are to be found among
schoolchildren of ages between 7 and 18 years.

In the Pyrences, also, gostre 1s on the wane according to Rochaw #4¢
Tt has not, however, completely disappeared and what seem to be almost
permanent foc stll exist 1n the canton of Luz-Saint-Sauveur, 1n the valley
of the Adour south of Bagntres-de-Bigorre, and n the valleys of the Neste
and the Aure (Gleszes & Boy; ®0 93t Marot ¥)

Since the tensity of goitre 1s ity d ing with improved

d of fon, and ally of watet-supply and
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preventive measures as practised in other countnies have never been con
stdered necessary by public health authorsties i France.

Records of goitre among d ic animals are met with
mn French vetermary lterature As long ago as 1862 Baiflarger #6 o7
descrsbed occurrences among mules, horses and dogs 1n the mountainous
eastern regions of the country More recently (1940}, Jacob * writes of
thyroid disease of hyperthyrowd type i foals born in the Breton coastal
region porth of Brest

Gontre is not considered to be endemic m Corsica; nevertheless, cases
are by no means mfrequent 1n upland willages (Marot 9}

1t

PART U-—AFRICA, ASIA AND OCEANIA

Africa

Isidar Greenwald,®®® the well-known gotre histonan, has accumulated
what he regards as compelling evidence that gostre, now endemié throughout
most of Africa, was unknown in ancient Egypt or in Roman North Africa
and, indeed, did not orignate anywhere on the African conbiment vntif
the nineteenth or even the twentieth century.

Nevertheless, there are several early of its
Leo % (¢ 1494-1552), usually known as Leo Afnicanus, an Jiahan of noble
Mootk stock and long ranked as the best anthomty on Mohammedan
Afnea, records 1n his Descrittione dell’ Affrica having seen goitre dunng
tis travels {1513-15) through Morocco and the Sahara This account has
been supplemented by a number of tater observations which confirm that
1 North Afnica goitre has long been endemit on the siopes and n the
valleys of the Atlas Mountains, 1n Spamsh Morocco, and 1 the Kabyha
Mountains in Algena

When making s way from the Gamba to the upper waters of the
Niger 1 1795-96, Mungo Park % saw goltrte among the native peoples
in the Bambuk country and ot Segu-Sikero in the direcuyon of Timbukty
The first European to reach Timbuktu from Tripoh, A. G Lamg* also
mentions gontre 1 the narrative of s West African jouracys (1822} whea
endeavouring to reach the source of the Niger through the imnterior of
Sierra Leone

The histol, I and other cb ses of gontres found among
North Afnican immigrants m the Lyous region of France are described in
detail by Guinet & Berger ®7

foh:

Algeria

Sore of the goitrous locales tn eastern Algenia are mapped tn a shott
paper by Sergent ¥ published m 1912, He refers to the calcareous nature
of the terrain and mentions the reglonal names gwven (o the disease~—
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namely, Handjoura (Arabicy: Hazzouza at Thaounrth-nath-gana; Aghbal
at El-Kseur; Arkoum at Tizi-Ouzou; and Akerkour at Lalzyeite,

The fullest and most recent studies are those in 1955 by Vergoz, Boulard
& Bernard,*® and n 1959 by Vergoz & Sicard.?® They have mapped the
endemic area and found it much more extensive than that traced by Sergent
in 1912, It scems that the most seriously affected area is the Department
of Constantine on the eastern side of the country where the discase 1s found
throughout practically the whole of Little Kabyha from the interior to
the sea coast, Goitre centres particularly noticeable in this zone are Collo,
Philippeville, El Milia, Taher, Dudjelli, Akbou, La Soummam, Bougie,
Guergour, Takitount and Qued Amizovr,

‘The goitre belt continues westwards mto Grand Kabyla in the Depart-
ment of Algiers where comparatively high rates are seen at Tigart, Tizie
Ouzou, Michelet, Boghmi, Dra-cl-Mizan, Palestro, Ménerville, le Fondouk,
Rovigo, and Souma This section of the endemic terminates at Bhida, just
south of Algiers. The city of Algiers itself 1s immune. Farther to the west
there are one or two places on the coast, notably Gouraya and Montenotte,
where the prevalence, although lower than in Kabyha, is st disquictingly
high

Oran, to the west of the country, 1s the least goitrous of the three main
northern divisions of Algena The only place where the discase has been
noted up to the present is the neighbourhood of Nedroma, which lies near
the Moroccan border just south of Nemours

The inquiry by Vergoz, Boulard & Bernard took account of about
40000 persons—schoolchildren, miltary recruts, hospital patients and
others—of whom 4500 had goitres This over-all rate of approximately
10% rose markedly in certam groups and mn certain places  Thus, at
Takitount 1n the Department of Constantine, 189 children out of 200
{94 5%) were found to be goitrous, at Souma 65% and at Cap Aokas
61% of chuldren were vicims. Women were more tntensely affected than
men, 1 an area of high endemucity the figures were 71% for women and
23% for men  Cretimism appears to be rare in Algenia, and among the
40000 people examined there was not a single case of deaf-mutism,

Vergoz and his colleagues make a strong plea for the introduction of
wdized salt in Algeria  They do this from general economic and humani-
tartan considerations rather than because they think the goitre scourge
Algenia 1s exceptionally severe; in fact, goire 1s much less intense there
than n many other countries They remind us that although gortre may
not kill and although us hghter ncidences may not seriously affect the
behaviour of the subjects (mildly gortrous children are able to pursue
thetr studies and adults are able to marry and have children) 1t is never-
theless a degenerative social malady from which greater evils may develop
and involve unnecessary charges on the medical services of the state.
The charge against public funds for goitre operations 1n Algera has been
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preventive measures as practised 1n other countries have never been con.
sidered necessary by public heafth authonties in France,

Records of goitre among domestic animals are occasionally met with
m French veterinary literature  As long ago as 1862 Baillarger 916 9%
described occurrences among mufes, horses and dogs in the mountainous
eastern regons of the country Mare recently (1940), Jacob #2 writes of
thyroid disease of hyperthyroid type in foals born 1n the Breton coastal
region north of Brest

Gontre 1s not constdered to be endemic 1n Corsica; nevertheless, cases
are by no means tnfrequent 1t upland villages (Marot )

PART H-—AFRICA, ASIA AND OCEANIA

Africa

Isidor Greenwald,®* the well-known gostre tistonan, has accumulated
what he regards as compelhng evidence that gotre, now endemic throughout
most of Africa, was unknown mn ancient Egypt or in Roman North Africa
and, indeed, did not ongmate anywhere on the African continent until
the mineteenth or even the twentieth century.

Nevertheless, there are several early of its
Leo 9% (¢ 1494-1552), usually known as Leo Africanus, an Italian of noble
Moonsh stock and long ranked as the best authority on Mohammedan
Africa, records 1n his Descrittione dell’ Affrica having seen goitre durng
his travels (1513-15) through Morocco and the Sahara  This account has
been supplemented by a number of later observations which confirm that
in North Africa goutre has long been endemic on the slopes and i the
valleys of the Atlas M. s, 1 Spanish M , and mn the Kabyla
Mountains in Algerta

When makmg lis way from the Gambia to the upper waters of the
Niger in 1795-96, Mungo Park ®° saw goitre among the natve peoples
m the Bambuk country and at Segu-Sikoro m the direction of Timbuktu
The first European to reach Timbuktu from Tnpoli, A. G Laing,* also
mentions goitre 1n the narrative of his West African journeys (1822) when
endeavouring to reach the source of the Niger through the ntenor of
Sterra Leone

The tistological and other charactenstics of goitres found among
North African ymmigrants tn the Lyous reglon of France are described in
detail by Guinet & Berger ®7

Joh

Algeria

Some of the goitrous localities 1n castern Algersa are mapped 1n a short
paper by Sergent * published in 1912 He refers to the calcareous nature
of the ferrain and mentions the regional names given to the disease—
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cstimated by Vergoz & Stcard.® Hospitalizanon and surgteal treatment
of a single case costs 180000 French francs  The hospral of Mustapha
atone deals waith 150 poitre operations annually, thereby incurning a total
expense of 27 mithon francs  Similar costy apply 1 many other Algerian

pital in the endemic zone. These facts should be faced and
preventive measures apphed.

The odiae contents of drinking-waters from a non-goitrous locality
and from two widely separated goitrous localittes 1n Algerta are compared
by Vergoz, Boulacd & Bernard %2 The figures have an obvious significance”

ug of fodine per hiré

Algiers {no goitre)
Souma (goitrous) a7
Cap Aokas (goitrous) .. 02
These auvthors also state that salt supphed for domestic consumption
in Algeria, of whatever ongn, has a very low jodine content.

Morocco

In former Spanish Morocco gortre 1s called * Hansla™ by the locat
people, and endemc centres are to be found scattered here and there along
the Rif mountain chain  Two of these have been studred 1n some detail—
the kabida of Bem Jaled by Manuel Amaro ** and the kabila of Bem
Ahamed by Alonso Romeo **

The Aabeda of Bent Jaled consists of 72 hamlets with a (otal of 14 200
habitants  The district hes 1n the mountains almost at the centre of the
conntry and through 1t tuns the mmn ghroad connecting the towns of
Melilla 1 the east and Tetvan 1n the west, Gostre occurs yn only four of
the 72 hamlets i the Aabia—namely, Achedad, Ifartan, Takasbut and
Taska Out of a total of 300 persons mn these four centres taken together,
Manuel Amaro found 18 cases of simple goitre, 2 cretins, 2 deaf-mutes,
and 1 case of Graves® disease, In each village the affected persons were
near relatives all denving therr supphes of drmking-water from the same
springs  Large quantittes of turmps are eaten by these people, wdeed,
turnups constitute a staple food Manuel Amaro believes thes to be a causal
factor but thinks also that the district 1s poor in jodine owing to uts altttude
and the mountawn barners which shelter it from the sex  The prevaiing
wind 35 from the desert south

Bens Ahamed, the second distnct tn which a gortre survey has been
made, adjoins Bent Jaled on the west Maximum intensity 1 the zone
occurs in the townsups of Dar Gaba, Tafsa, Bazet and Kelala Alonso
Romeo % made a careful clinical examination of 91 cases drawn from
19 townships, and among these he dragnosed hypothyroidism, hyper-
thyroidism and one case of cretimsm.

The endemic area covering the centre of former Spamsh Moroceo
extends southwards into the north of former French Morocco, where,
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The red hatching indicates the areas where endemuc goitre has been found.
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ing for its promoters and for the reviewer than that conducted by the
medical officers of the Government Public Health Service in French West
Africa under the impetus and direction of Dr Léon Pales.?™ #77

The former Federation of French West Afnica embraced the following
eight separate terntories  Mauritania, French Sudan, Upper Volta, Niger,
Senegal, French Guinea, Ivory Coast and Dahomey; 1t covered an area
of more than 1800000 square miles (4 600000 km?), nearly mne times
that of continental France, and had a population of about 16 000 000
Duning the year 1948 the medical administration exammined 3 162039
people, of whom 153 591 were found to be goitrous, that 1s, 4 86%. At
that time Pales *!- *"! concluded from these statistics that there were pro-
bably not less than 700 000 sufferers from gottre 1n all French West Africa

A further tnvestigation was made mn 1950 to fill gaps fefi in the 1948
inquiry and to complete as far as possible the detailed map of distribution
The number of Africans examined has now risen to 4 449 040, of whom
371 205, or 8 3%, were found to be suffering from endemic gostre  If this
new knowledge be accepted as the basis of a general estimate, 1t will be
seen that rather more than 1 300 000 people are afflicted with gostre 1n
this area and that Pales’ earher figure of 700 000 was an underestimate 7

Excellent maps prepared by Pales & Tassin de Saint Péreuse on a scale
of 1:2 000000 and printed n five colour gradations from yellow to dark-
brown show the distribution and varying intensity of the endemic in French
West Africa and also the names of the tribal races occupying the affected
locations 972 975. 9% Looking across the map from west to east and south-
east, the following areas stand out as the most goitrous

Senegal

Rates of 14% to 409 are common in the cantons in low-lymg east
Casamance on the banks of the Songrougrou and Casamance rivers just
south of the Gambia High rates are also found around Dialakoto on the
upper waters of the Gambia nver

Guinea

There are centres of high prevalence (from 12 to 30%) throughout
the Fouta Djallon mountain region, which covers practically the whole of
the central part of the terntory Farther east, rates of 20%, 40% and 50%,
occur 1n some of the cantons around the town of Sigmin  To the south of
Guinea, where 1t borders on Liberta and the Ivory Coast, the endemic 1s
severe around Macenta, Beyla and N’Zérekoré

French Sudan and Upper Volta

The goitre area at Sigunt continues eastwards without interruption
through the southern part of French Sudan and into the territory of Upper
Volta Among strongly affected areas are those adjoining the towns of
Bougouni, Ségou and Koutiala 1 the Sudan, and an extensive region
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according to Alonso Romeo, the kabila of Bem Zerual is greatly affected
However, there do not appear to be any precise accounts of the nature and
distribution of gottre in former French Morocco During their mvestiga-
tion of endemic & 1m the phosph 2 y at Khouribya,
which fies inland about 60 mules south-cast of Casablanca m the direction
of the Atlas Mountains, Murray & Wilson * found no evidence or record
of goitre 1 this area  The mean 1odine content of four samples of water
from the supphies used by the Khouribya settlement was 10 ug per litre, a
relatrvely high amount which would probably account for the absence of
thyroid discase in this area of endemic fluorosis

Madeira and Canary Islands

With regard to the 1slands lymg off the north-west Afnican mainland,
goitre 1s said to be rare on Madewra® but rather prevalent on Santa Cruz
de ta Patma, one of the most westerly 1slands of the Canary group

Herndndez Felictano % 9% exaruned 274 cases (13 men and 261 women,
the great majority of whom were 1in middie adult hife) from 14 focalities
and found that the domunant chinical characteristic was one of hyper-
thyroidism. A map giving the distnbution of the 274 cases shows that
the disease ts not localized but may be found ali round the isiand at widely
separated places.

Santa Cruz 86 Tazacorte 0 -
Breda Alta 8 Tyarafe 2
Brefia Baja 4 Puntagorda 5
Mazo . 32 Garafia 3
Fuencaliente i Barlovento 2
El Paso 3 Puntallana 7
Los Llanos 54 San Andrés n

Later, he extended lus survey to 1104 schoolchildren among whom
e found gortre rates of 46.3% in 575 girls and 35.5% n 529 boys.*®

La Palma 1s a mountamnous island of underlying basaltic structure
covered by a thick cap of porous volcamc rock and profusely encrusted
with lava, tuff, and banks of sand, The todme content of the drinking-
water, dertved chiefly from spfings, 1s exceedingly Jow, values for samples
drawn from mne different localities ranged from 0,11 pg to 0.87 ug per
litre, with an average of 027 ug per litre  Hernindez Feliciano stresses
the nced for prophylaxss by means of wdized salt

His study 15 impressive refutation of the common behef that coastal
areas and sea-girt 1slands are goitre-free.

French West Africa
Of all pational gorre surveys none has been bolder in conception,
vaster in ared, more exacting for the surveyors, and in its results more satisfy-
R T e when the turvey described under this beading was conducted, French West Africa wav
sull & polacal entty
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confer goitre immunty on the peoples habiting that pasticular zone ar
any zone to which Sahara-produced mineral salt becomes available in the
natural course of trade. The fact 1s, however, that the Sahara salt trade-
routes have mever penetrated much below the 1dth parallel #* Feoples
fong established south of that hine have for the most part been dependent
on vepetable sats that are sich i potassiem but may contan hitle wodtae, or
mdecd as Palcs postulates, may possess a subﬂ: gottrogenc agent as yet
quities to settle these W are proceed

In the ternitories of former French West Africa goitre 1s about twice as
Peesalent in women as i men, st 1s sore frequent w adults than in chaldren
Arcording to Denoix,?" whose investigations apply principaily to the Upper
Volta, the age of greatest frequency extends from 10 to 30 years, with a
maximum towards the 15th year, that ts to say, about the peniod of pubesty.
The largest goitres are seen in old women  §t cannot be stated with cer-
tainty whether diffuse parenchymatous gostres or nodular gostses are the
more prevalent, but it s probable that the diffuse type 55 the commoner
Cascs of hyperthyroidism are exceptsonal, and in the stausties cancer of the
thyroid 15 very sarely noted

Goitrogeme crucsferous plants, more particularly the genus Brassica
{cabbages, turmps, kale, ete ), do not gure 1 the natnve dictary  Indeed,
the soils of thus region of Africa are of a type far from being favoured by
the Cruaiferat. Conseguently, these are fow m number and vanety, and,
oddly cnough, the ones that do occur are found mostly in zones frec from
gottre.

Prophylactic tosals with rodized salt are in active progress and have
already gverc haghly p results, especnatly at M m Guinea
just north of the Libenian border.*”? Pales hopes that these first demonstra-
tons of the efficacy of 1odine as a goitse preventive are but the prelude to the
systematic wodization and distiibution of 1 manine salt
m the salt works of the Sine Salouwm at Koalack, w Senezal, where the
present annual production amounts to 50 000 tons and could be increased
without any difficulty Vanous grades of salt marketed tn jute bags from
the Keoalack factory, and fortified with wdide and 10date at two dsfferent
levels, have been subgected to storege and transportation tests ™ Coarse
sakt fortified with todate 15 the most sausfaciory, masmuch as todate does
not muprate to the sides and bottom of the bag. Even so, the problem of
wdme loss has not yet been finally solved; more than half the rodate in
coarse salt disappears within 3 months of storage uader winland chmatc
conditions

Bestdes spreading over extensive tracts of country in former French Waest
Africa, the goitre belt n this part of Afnca also extends into the temtones
of Gambia, Sxerm Leone, Ghana (formerly the Gold Coast) and Nigena,
it ds through C: mto the hilly districts of
northern Angola A map showing the distrtbution of endemie goure in
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enayrching the town of Dedougou north of Bobo Dioulasso m Upper Volta
The most nartherly focus 1n this general ares, and indeed one of the most
severe 1n all French West Afnica, lies near Bandragara about 200 mifes due
south of Timt Here, eight ities register rates of 409 t0 73%.

Ivory Coast

The prinespal gostre centre in thys territory lies in the mountainous region
of Man. It forms part of the Beyla and N'Zérékoré belt in southern Guinea
and shows rates of anything from 10% to more than 40%. Another prom-
sment focus lies to the east-centre of the country mmmediately north of
Katiofa 200 miles from the sea, where rates of 31% and 429 bavc been
recorded 1n the cantons of Fondéb U and Kemt P L

Dahomey

Thts narrow strip of ternitory in the sauth-east is not so senously affected
as some of the other terrtories that made up the Federation Nevertheless,
there are centres of goitre in the north around Natitiagou and Kandy, and
also on the right bank of the Niger apposite the Canton of Gaya.

Viewng former French West Africa as a whole, there would appear to be
more goitee in mountainous regions than on the plains But prevalcnce has
not necessanly any with altitude; th ghiy investigated viilages,
m which a very high proportion of the inhabitants were examned, have
shown rates of 30%, 40%, 50%, or even more, whether situated i moun-
tanous country or on the plamns, mn savanna or i the forest Two facts,
however, may be regarded as axiomatic: goitre 15 extremely rare on the
Atlantic sea-coast and 13 likewise extremely rare 1n the regions of the Sahara
Indeed. 1 this part of Afnca goitre is practically non-eustent north of
the [4th paraffef, a fine which constitutes an almost ngmd cast-west batrier
between the goitrous and non-gostrous zohes  The territonies of both Mauri-
tanta and Niger lte notth of this paratlel; almost no gostre is found in esther.

An artesting explanation is advanced by Pales #9. 974 for thys remarkable

of d phy. For the most part, the highly endentic
zones ate sited upon so f ions of gramt: a fact confirmed
by Wilson 1 her later survey of Swerra L:one 988 Pales, however, does not
pay so much regard to (s immutable geofogical consideration as to the
fact that in the area covered by his survey, the greater part of which hes to
the south of the 14th parallel, the goitrous terram is precisely the area i
which the natve peoples are dependent for their supphes of cooking and
seasonng salt on “ pot-ash ™ denved from the incineration of local plant
foods, and are by reason of economic and transportation difficulties pre-
cluded from access to natural sodwum chloride derived from sea-water l})’
solar evaporation at coastal centres or fram the cich salt-producing aress in
the south Sahara ™, 31

There is little need, Pales says, to suppose a one-time sea in the Sahara
10 explain the possible presence m the Sahara salts of sufficient iodine to
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showed that the affected arcas coincide with the distnbution of granttic
rocks of pre-Cambnian geological age, and correlated the prevalence of the
malady with low jodine content of dninling-water In her paper to the
same Socicty, she makes the following comments * There 1s thus a belt
of endemic goitre from Senegal to Angola which deserves the attention of
administrators and climcians 1n order that appropnate remedtal measures
may be instituted The time [in Sierra Leone] 1s very favourable for the
mtroduction of jodized salt which 1s the easiest method of dealtng with
goitre prophylaxis

Both Blacklock’s observations and those by Wilson a generation later
show that goitre 1s absent «n the low-lying western parts of Sierra Leone
towards the coast; these goitre-free areas are situated on comparatively
modern geological formations overlying earlier rocks In the upland eastern
section of the country the endemic affects the Mende, Kisst and Kono
peoples dwelling 1n the Kenema, Kailahun and Kono districts of the
South-Eastern Province. Among Kono men and women a rate of 56%
was noted by Wilson; the thyroid gland was frequently much enlarged,
multinodular and cystic, and obvious goitre was sometimes present in
young chuldren, but no case of congenital gostre was seen Farther north,
the disease occurs among the Koranko living at the base of the Loma
M ins and 1n the K d district of the Northern Province where
arate of 719 has been recorded by Mclntyre **7 in Bendugu village

On a route from the south to the north of the gotre areas a traveller
would pass through the following places of high incidence—Jiama, Paya,
Kaiyima and Yaiya in the Kono country, and Saywaia, Kruto, Banda-
karafara, Kimadugu, Bendugu, Kaballa and Dankiwalli in the Koranko
country. These villages all lie at the head-waters of the Sewa, Bagwe and
Rokel rivers on the watershed between Sierra Leone and the sources of
the Niger in Guinea

As already mentioned, the areas of endemic goitre 1n Sierra Leone are
associated with pre-Cambrian gramite rocks which have become altered
by intensive weathering under tropical conditions It would appear that
the chief factor mfluencing goitre distribution 1s that these rocks have
gradually been deprived of 1odine by leaching and that, 1n consequence,
the waters 1ssuing therefrom have an exceedingly low jodine content.
Wilson and her colleagues * give the following figures*

Golire rate  Jodine contens
(¥4

of water
(g per hare
Highlands (to the east)
Koinadugu (Koranko) 429-710 <10
ono ., - . 559 <l 0
Kenema and Kailahun . 190247 <10
Lowlands (to the west)
Kambta—Port Loko area - no goitre 1028

Moyamba—Bo area . . no goitre 43
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relatton to the geological occurrence of pre-Cambrian rocks throughout the
whole of West Africa is given by Wilson et al.#

Gambia

Wnters on goitre in this part of the world are wont to say that the
cxplorer Mungo Park # saw gostrous people in Gambia when making his
way 1o the upper waters of the Niger 1n 1795-96. He mentions having secn
cases sn the Bambuk country and in the nesghbourhood of Segu; but these
places he hundreds of mles beyond Gambia to the east, and it 1§ not certain
that Park saw goitre actually m Gambia atself.

That the disease does accur there, however, has been recorded by
Todd ™* and more recently by M. P H i e 1 i
to D C Wilson,™® 1952} The affected area lies 1n the upper niver district
1o the east where the pre-Cambnan granite formations begn, and 15
obviously ftaked up with the Senegal endemic 1n the same region It would
not be surpnsing, either, 1f goitre were found in the centre of the country
in the neighbourhood of Georgetown because, 1n Senegal, both north
and south of the Gambra river at this point, gottre is known 1o oceur (see
page 119

Sierva Leone

“ Ballansama ts a man of the nuddle size, of a jolty appearance, both
n person and expression, thongh a httle disfigured by a large wen on s
throat, which appears a disease very common fo the Koorankos ™ That
15 how Lawng % described the King of Northern Koranko whom he met
m 1822 when travelling through the interior of Sierra Leone to explore
the sources of the Niger The Koranko country is gotrous today In fact,
Sierra Leone provides an exceflent example of how, m spite of energetic
studies at widely separated intervals of tsme and strong recommendatipns
for jodine prophylaxis on more than one occasion, only desultory eflarts to
remedy the sitpation have as yet been made and goitre sulf persists

During December 1923 and the early part of 1924, Blackiock o %02
and his wife made a strenuous three-month tour into the hilly regions of
the east and north through the tribal country of the Keno and Koranko,
whete they found gottrous people in considerable numbers  Their findings
were fully discussed at a meetng of the Royal Society of Trapical Medicing
1n 1925, when Blacklock concluded hus address with these words: “I am
particularly anwous to ascertam what 1 the experience of members of this
Saciety in regard 1o the admini: ion of iodine to populati because
of the tisks are indeed neghgible, 1t 15 our duty 10 take steps to deal with
the problem of gostre s our tromcal possessions as soon as possible.™

Almost exactly thirty years later, Wilson *% traversed more or less the
same route, found lugh percentages of goitre where Blacklock found them,
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Broadly speaking, the geological layout of Nigena consists of three
upland areas of pre-Cambrian granite—one 1n the north, one in the south-
west, and onc in the south-cast—separated from each other by belts of
manne sediment lying roughly 1n the form of a letter Y across and down
the middle of the country. These belts follow the great valleys of the nivers
Niger and Benue, the one flowing from the north-west and the other from
the north-cast along the converging arms of the Y to meet at Lokoja and
thence sweep southwards to the sea as one

The goitrous areas invaniably lic on the gramites of the pre-Cambnan
complex, or in distncts dependent on waters derived from these rocks
Goitre is absent on the marne sediments of the Niger-Benue river basins.
The central plateau 1n the cup of the Y, an area studied by Wilson more
intensively than any other, 15 of special snterest inasmuch as basaltic and
lava flows of Tertiary and Recent Age cover part of the gramte. Here,
families Iving or farming on the basalt are free from signs of goitre, they
obtamn much larger yields of crops. For example, the Vom section of
the Berom tribe live on gramte but farm on basalt and are mostly non-
goitrous; but another section of the Beroms, not far away at Forum, live
and farm on gramte and have many goitrous women among them. Simi-
farly, on the escarpment between Pankshin and Shendam towards the south
of Plateau Province, and in the adjorming parts of Bauchi Province, goitre
Is common among tribes using waters that drain off the gramte formations
of the Naragota, Shere, Jarowa and Jere hills

Wilson Iists the goitre districts of Nigena as follows

Northern Region

North-uest and south of Sokoto East of Niger
North of Niger South and east of Zana
East of Katsina West and south-¢ast of Bauchi
West of Kano North and east of Benue
South of Bornu Many parts of Plateau Province
North-east of Tlorin East and west of Kabba
Western Region

North of Oyo WNorth and west of Ondo

Easrern Region and Briish Cameroons
North of Ogoja Bamenda District and south of Yola

Western part of Mamfe Division

All these areas of endemic goitre lie on gramtes of the pre-Cambrian
basement complex, or are associated with waters which drain off these
rocks  The only exception, as explained above, 1s on the central plateau,
where an obvious difference 1n prevalence and degree of thyroid enlargement
(much less, if any at ali) was found amongst abonginal peoples living in
granite districts overlain by basaltic lava flows of more recent ongin.

The prevalence 1n relation to the iodme content of the water-supplies
1 these districts of dffering geology is brought out 1n Table XI (Wilson #7)
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Gortre was found to be endemic where the waters contained Jess than
1.0 ug of 10dine per litre, but was not recorded where the jodine content
was 24 pg per htre or above. Sea-fish, the other important source of
dietary 1odine, is obtatnable by most people near the coast but is rarely
eaten in the more distant mland areas where gorre occurs. Another factor
which, according to Wilsan, may contribute to the causation of goure in
Sierra Leone concerns the intake of vitamin A from red-paim oil. It will
be recalled that Haubold ® found a high prevalence of goitre in mountain
willages m Bavaria assoctated with a low itake of vitamun A and carotene.
To Sierra Leone the intake of fats 1s generally speaking adequate and that
of vitamin A from red-palm oi 35 hugh  But the avalabity of red.palm
oil depends on cil-palm density, which in the goitre areas of Kono and the
adjacent Kamnadugn country is not nearly so lgh as elsewhere, and supphes
suffice only for a shost season It is possible that this seasonal scarcity may
help to precipuate goitre in places where the 10dine content of the diet is
already precaniously balanced on the borderhine between sufficiency and
insufficiency.

Ghana

In the extreme north of the Northern Terntories of Ghana goitre has
been noted by F. C Rodger (personal communication 1o D. C. Wilson,™®
1953) on the banks of the Red Volta and also for 50 mufes along the Sissth
river, a northern tributary of the Volta  He describes the goitres as “ colioid-
looking ™ and, 1n one place, as beng assoctated with fluorosis In this
same general area goitre has also been observed by B, B, Waddy (personal
communcation to D C. Wilson,” 1954) near the junction of the Red
and White Volta nivers and m the Navrongo and Bawku districts close to
the boundary between Ghana and the Republic of the Upper Yolta {form-
erly the Upper Voha Territory of French West Africa).

Nigeria and British Cameroons

When journeying through Nigena n the early yeass of this century,
Tonkmn # came across gostre 1 Gitata, 2 smalf pagan wiflage perched
high on a rocky ridge, almost exactly in the centre of the country smmediately
north of Kefii on the trade ronte between Loko on the river Benue and
Zana some 200 mules northwards. Tonkm estimated that 20 % of the village
inhabitants were affected, some with very large goitres He saw no sign
of the disease in the valleys on either side of Gitata,

Several fater and more or less casmal observations have been made
from time to tme—~notably by Denfield,*® who has vividly portrayed the
goitres seen in the Bauchi Plateau in a senes of remarkable photographs—
but 1t was not untit 1951-53 that Wilson and her colleagues 983, %93 937
correlated the various scattered preces of information, added to them, and
presented a picture of the Nigenan endemic as a whole.
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area to the east of Cameroun (formerly French Cameroon) and the other at
Koumra, which lies between the nivers Chan and Logone-Pendé about
60 miles west of Fort Archambault,

Cameroun

There 1s goitre 1n the Bamum country 1n the west of Cameroun and also
m the mountainous regton occupied by the Wandala tribe in the north; but
the most seriously affected area lies between the nvers Lom and Kadei in
the east of the country This was surveyed i detail by Masseyeff 1001, 1002
m 1953,

The area 1s formed entirely of primary granitic matenial of pre-Cambnian
age, with the ption of the phic series of schusts and quart-
zites 1 the valley of the Lom The south 1s a region of forest, very dense
1n some places, and the north 1s to a great extent covered by a savanna of
Imperata cyhndrica The soil 1s poor and the area 1s sparsely populated
with a total of about 100 000 inhabitants 1n a density of the order of 185
persons to the square kilometre This section of Cameroun 1s crossed by
two great intercolonial travel routes, one runmng from west to east through
Bertoua and Batouri, and the other from Bertouz to the north through
Bétaré-Oya and Garoua-Boulaye. It 1s in these places and mn other villages
and settlements along the two thoroughfares that goitre occurs

[ m d five local « the willages of Garoua-Boulaye
and Bétaré-Oya m the savanna region of the north; certain villages, also
in the savanna, situated on or near the north-south route from Bétaré-
Oya to Bertoua, the willages of Yanda, Kanda and Mbeth 1n the forest
region immediately to the west of Bertoua; the western environs of Batourt
where the willages of Bakombo and Ndimbo lie mt open forest near the
savanna, and some forest villages situated in cleanngs 1n the region of
Ngélebok. A total of 4397 men, women and children were examimed; the
results are shown 1n Table XIT

These figures show that the disease 15 extremely prevalent, especially
m women It appears, too, that 1t 1s most severe at the boundary between
savanna and forest and tends to avoid true savanna and deep forest. All
the very dense goitre zones are on gramte soils; the endemic diminishes 1n
areas where the soils are denved from gnetss, schists and other metamorphic
rocks

Nodular goitres are much less common than diffuse goutres, some of
which are of enormous size, * greater 1n volume than the heads of the in-
dividuals bearing them »  Consequently, deaths due to tracheal compression
are frequent Hyperthyrotdism 1s rarely, if ever, seen Those who know
the country well say that the people are particularly lethargic and indolent
wherever goitre 1s most m evidence Every small village has one or two
goitrous cretins  These pathetic creatures Live an almost purely vegetative
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TABLE X! RELATION BETWEEN PREVALENCE OF GOITRE AND JODINE CONTENT
OF WATER-SUPPLY IN SOME PLACES IN NIGERIA

Rurehecof | Parcentage | fomne comt
Prace Source of water subjects i D vater
examsned goltre {ug per kire)
Zagun Oldec gramte of
pre-Cambrian basement 62 48 28
complex o7
Hiango Basaltic fava flaws of 150 N 59
Tertiary and Recent Age -
Yo Pre-Cambrian granite, but
pzopil‘e tarming mainly on 250 3 o8
3
Abekaike ] From deep water shaft
Marine sediments  Niger 30 Nt 2
fver basgia

* On lead-zinc mine, prabably exceptional

The exact mexdence of gostre throughout Nigersa is unknown  Among
Rukabs famubies in Zagun willage, Wilson found an average rate of 467,
the distntbution being 329 sn adult men, 72% in adult women, 239 m
boys and 25% n girls under 16 years of age  Hyperthyroidism s rare, but

and deaf-mutism are freg Iy seen In Nigerta livestock are

moved about over wide areas, and the only recorded occurrence of goitre

among animals concerns a herd of pigs belonging to a bacon factory situated

1 a district where human goitre 5s prevalent, the condition cleared up
it the ad: of an 1odine supp

There 1s nio evidence that gontrogenic factors other than sodme-defiaent
waters are operative w Nigeria  The endeanc 1s not confined to regions
where vegetable ashes are used as salt, as 15 the case in former French West
Aftica (see Pales #7973, 97y Local sources of salt are isuflicient for the
country’s needs, accordigly, imported salt s sold m Nigenan markets The
question of making 1odszed salt the only type umparted wnto Nigena 1s being
considered by the Federal Medical Dep: 993 Already, pro-
Inbuting the use of non-odized salt have been made by Tev, Nasarawa,
Zansa, Idoma, Igala, Donga and Takum Native Authonues i the Northern
Regron  lodized salt means salt to which has been added potassium wdide
1 2 proportion of not less than one part in fifty thousand

Cameroun and French Equatorial Alrica @
Two highly nteresting zones of endemuc gortre have been the subject of
study by doctars of the French Colonial Service—one 1 the Lom-Kades

B e the roe when the sfudses described here weve candlucted, Cmeroun had not become n indepemdent

repubhe and Freach Equatonal Afcics st evisied a6 s polinea entity
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Here, 1n the heart of the country of the Saras~—a beaunful, well-bualt,
tagy-going, dbrave and devoied people—gonre fealled Jocolly * Kig ™ or
“Kanreu™) has long been notorious. Bowilliez, director of trypano-
somiasis investi at Fort Archambault, described and mapped the
endemic area in 1916, noting that about 80°, of the popufation were
affected ¥ His successor, Muraz,}™? ™3 confirmed Bowlliez's obsenations
in 1922, added to them, and pubhshed his most recent comments on the
gottres of this area in 1943,

Dupont found it exceedingly difficult to establish the exact over-all
percentage prevalence of goitre among the Koumra people, but could fix
it definitely at 759, among men presenting themsefves for medical examina-
tion prior to military service. Since, as elsewhere, goitre 1n Koumra 1s
found more frequently 1n women than 1n men and also oceurs in children
of quite tender age, Dupont concluded that practically the entire Koumra
population suflers from the disease, This s 1n marked contrast to the
estimated rate of 2 5% in the Region of Moyen-Chari as a whole, and less
than 1% in the Regon of Ombella-M’Poko, about 300 mules farther south,
where a general survey of 51 wilfages in the Bangw area was carnied out by
Nimier at Dupont’s request.

Although the Koumra goitres are seen more often in women than n
men, Dupont found goitre more prevalent in boys than 1n pirls  The goitres
1n females do not make their first appearance at the time of puberty; they
are either earlier or fater. During pregnancy the swelling markedly increases
in volume but d ishes after the h Some goutres reach an
enarmous size. The average neck esrcumference of a well-bwit non-goitrous
adult Sara is 14-15 inches (36-38 cm) 1n a man and rather less 1n a woman
!" goitred people Dupont found circumferences of nearly 23 mches (58 em)
in a woman of 20, and 22 § inches (57 cm) in a man of 25 years of age
Goitrous children had neck circumferences of 14 5-16.5 inches (3742 cm)
and an infant of 18 months with thyrosd enlargement had a neck measure-
ment of 11 inches (28 cm)

Cases of goitre in children under 5 or 6 years of ag: are exceptional,
most frequently the goitre becomes mantfest about the age of 20 years and
in some instances 1ts development may be very slow, extending over 20,
30 or even 35 years These slowly evolving tumours are a common canse of
sudden death due to asphyxia; the unfortunate sufferer, apparently in good
health on falling asleep, will without warning be seized by suffocation duting
the night and die rapdly The other usual complications of gottre-—hyper-
thyrotdism, myxoedema, cancer of the thyroid—are rare in Koumra,

Bouilliez considered that the origin of goure 1n Koumra lay in the
Parasitic infection very prevalent s that area ®® Muraz 1091005 aisq held
the same view, but observed a definite ethmcal predisposition inasmuch as
the people of the Baguurmian-Hausa colony, who had at that tme been
Iving alongside the Sara people for 20 years and had been using the same
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TABLE Xii PREVALENCE OF GOITRE IN SOME LOLALITIES OF CAMERGUN

T Males ] Femates

, Locatity
| ! aumber percentage number percentage
% . examimed ‘with goitre examined with goitrs
| —
{ Savanna region (nontk) i f
SypunBouisrs ans
| s 29 s 504
Op raute. mm Boerd.Orsto !
‘ s0t 0 «s 0
Forest reglon (south) I !
Environs ot Bertous Qa west) | 3 ) 49 Y 8
Envions ot Batourt o westh | 3t | sts m 24
X Region of Ngélanok “ 32 ‘ ar | om 00
I
|
| Tofaf 2420 } 420 f 1w ! 7

1 ble of thar sur d and unable to do more than eat
and sleep In thus region, too, gotre is of common oecurrence among goats,
and hunters report having killed goitrous rabbits.

Masseyefl could prove no defimte relationship between the occurrence
of goitre and the consumption of any particular food such as groundnuts
ar marze, although t secemed to him that the zones 1 which maize 1s grown
and consumed comaide very well with those of igh gotre rates The young
shoots of the al y herb ho ™ (P purpureumy are
rauch appreciated by bo!h raan and beast m this disttict and 1t would be
mteresting to mnquire by laboratory experiment swhether ths food has any
goitrogenic properties

At one time salt made from d e matenial was
used, but 1t has long been abandoned in favour of mmported salt. The
prevalence of goitre has not thereby dimmnished; conscquemly, the hypo-
thesss advanced by Pales 373 9%, 924 that ble salt a
principle does not appear 10 M: T to be ble in He
advoeates the introduction of r10dized salt, with potassium rodate as the
rodizing agent.

Kourra

On a journey from Algiers across the Sahara and down through French
Equatorial Africa by way of Tamanrasset, Agadés, Zinder and Fort Lamy
as far as Bengui on the border of the Belgan Congo, Dupont 1% saw gostres
1 many places; but here were they so or sa massive as w the
neighbourhood of Koumra, which ligs at the centre of 2 subdivision of the
Region of Moyen-Chari between the sivers Chart and Logone-Pendé not
#~<uast of Fort Archambault.

|
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Here, in the heart of the country of the Saras—a beautiful, well-buit,
casy-going, brave and devoted people—gotre (called locally * Kda™ or
“Kanreu™) has long been notorious. Bowlliez, director of trypano-
somiasis inestigati at Fort Archambault, desctibed and mapped the
endemic area in 1916, noting that about §0%, of the populauon were
affected,*™ His suceessor, Musaz,'™3 1™ confirmed Bouillicz’s observations
m 1922, added to them, and published fus most recent comments on the
goitres of this area 1n 1943

Dupont found it exceedingly difficult to establish the exact over-aif
percentage prevalence of goitre among the Koumra people, but could fix
1 definitely at 75, among men presenting themsches for medical examina-
tion prior to military scrvice. Since, as elsewhere, goitre in Koumra 1s
found more frequently 1n women than 1 men and also occurs 1n children
of quite tender age, Dupont concluded that practically the entire Koumra
population suffers from the disease Thus 15 in marked contrast to the
estimated rate of 2 5% n the Region of Moyen-Chari as a whole, and less
than 1% in the Region of Ombcella-M'Podo, about 300 miles fasther south,
where a general survey of 51 villages in the Bangui area was carried out by
Nimier at Dupont®s request

Although the Koumra goitres are seen more often 1 women than m
men, Dupont found goitre more prevalent in boys than n gurls, The gotres
in females do not make therr first appearance at the time of puberty, they
are either earlier or later  Dunng pregnancy the swelling markedly increases
in volume but d ishes after the h Some goures reach an
enormous size. The average neck circumference of a well-built non-goitrous
adult Sara 15 14-15 inches (36-38 cm) 1n a man and rather fess m a woman
!ﬂ goitred people Dupont found circumferences of nearly 23 inches (58 cm)
in 2 woman of 20, and 22 5 inches (57 cm) 1n a man of 25 years of age
Goitrous children had neck circumferences of 14 5-16 5 inches (37-42 ¢m)
and an infant of 18 months with thyroid enlargement had a neck measure-
ment of 11 inches (28 cm)

Cases of goitre 1 children under 5 or 6 years of ag: are exceptional;
mast frequently the gostre becomes manifest about the age of 20 years and
in some instances its development may be very slow, extending over 20,
30 ot even 35 years. These slowly evolving tumours are a common cause of
sudden death due to asphyxia, the unfortunate sufferer, apparently in good
health on falling asleep, will without warming be seized by suffocation dunng
the night and die rapidly. The other usual comphications of gottre—hyper-~
thyroidism, myxoedema, cancer of the thyroid—are rare in Koumra

Boulliez considered that the ongmn of goitre 1 Koumra lay in the
Parasitic infection very prevalent 1n that area®® Muraz 1% 9% also held
the same view, but observed a definite ethnical predisposition inasmuch as
the people of the Baguirmian-Hausa colony, who had at that time been

lwing alongside the Sara people for 20 years and had been using the same
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dninking-water from decp wells, did not present a single case of thyroid
enlargement; they were entirely free from the discase. Dupont,™ on the
other hand, regards causation as wholly a matter of water-supply. He was
struck by the fact that there 1s very intle goitre 1n towns or villages situated
directly on the banks of rivers i the neighbourhood of Koumra, There is
none at Goundéré an the river Mandoul only a few miles away. There §s
practicafly none at Fort Archambault on the nver Chan, all the goitrous
persons seen there came from the region of Koumsa.

The drnkmg-water of Koumra 15 obtamed sofely from a group of
11 deep wells, One of them, no longer yielding much water but once the
man source of the community, has a depth of more than 120 feet (38 m);
anather, now supplying most of the people, 15 92 feet (28 m) deep. Dupont
wclines 10 the theory that goitre 1s mfectious 1h origan; rivers are pure and
undefifed, being stenhized by the intense tropical sun, whereas waters from
deep wells, bemng deprived of the sun’s beneficent action, retan all sorts of
impunties caused by the tnfiltration of infected products cast out by the
nhabitants, even into the wells, 1n spite of notices that this s prohbited.

Muraz 1%, 19 first proposed prophylaxis by iodized salt in 1926, but the
scheme broke down through lack of co-operation  Dupont,?®® wnting
15 years later, believes that, for the time being at any rate, the goitre problem
1n thus part of the worid can only be attacked by surgery or by the indiidual
admmistration of tincture of todine or potasstura todide. The general
1odization of the sun-dned salt which comes 1 slab form into this area,
especrally from Lake Chad, s, hc thmks. impracticable. Worthy of meation
m this text—simply 10 emp local i and futility in these
matters—is the nau\e rcm:dy of tying a pece of twine or a thong of antefope
slan tightly around the goitre it the hope of linuting its growth. A similar
Nigenan custom 1s descnbed by Denfield 9

The most recent (1958) goutre rates in former French Equatonal Afnca,
as recorded by Bascoulergue,*® are shown in Table XIH

‘TABLE XMl GOITRE RATES IN FRENCH EQUATORIAL AFRICA, 1958

HNumber ] Goitrous ? %

I chad 013 districts) 518,081 8008 24 (
| an
103268 2305 05

Moyen-Congo (29 distriets)

Gabon (3 distncis) 200023

2164 103 129824

L |
Oubangul-Chari (3% disinets) ( a78 328 g 48350
Total ) j

|
i

an ( L]
1
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In the terntory of Moyen-Congo {now Republic of the Congo) the
district of Dongou had the highest rate with 10%; in Gabon the highest rate
was 7% 1n north Koula-Moutou; and in the province (now Republic) of
Chad the highest rates were found at Koumra, Moissala and Kyabe with
36.4%, 2599 and 12.7%, respectively. Comparatively high rates were
found 1n the province of Oubangui-Chani (now the Central African
Republic) particularly at Bozoum (20.3%), Bakouma (165%) and at
Bangassou (12.7%)

Angola

The West African gotre belt, which, as already shown, begins in Senegal
and extends southwards along the pre-Cambrian foundations of the Gambia
through Sterra Leone, the Ivory Coast, Ghana, Dahomey, Nigeria and
Cameroon, eventually reaches Angola, where the disease has been noted
near the diamond mines m the north-eastern parts of the country by A.
Warwick {personal communication to D C. Wilson,* 1954)

Goutre 1s also found in the elevated plains of Benguela which nise east-
wards towards Huambo in the west-centre of Angola Here, Leitch 0%
mentions especially one hilly district which 1s named “ Goitre Mountain »
owing to the fact that practically all its inhabitants are affected

Just outside the extreme south-east border of Angola runs the narrow
Caprivi Strip connecting South-West Afnica with Rhodesia and separating
Angola from Bechuanaland B T. Squires (personal communication, 1955)
reports a high prevalence 1n the stnp and has seen cretinism there  Since
goitre knows no political boundarnies 1t may be taken for granted that the
endemic spills over into Angola at this point (see also page 144, Steyn
et al 1965),

Egypt

More than thirty years ago Dolbey & Omar 17 drew attention to the
fact that up and down the valley of the Nile simple parenchymatous or
colloid gostre 15 extremely common among the fellaheen—the farmers or
field labourers of Egypt—who make up about 80% of the total population
At that time hyperthyroidism was scarcely ever seen among the fellaheen,
but there were increasing and disquieting signs of 1t among the cosmopolitan
whabitants of the towns and among Egyptians of wealth and leisure who,
from considerations of taste or of employment, lived 1n the larger cities
and had adopted European habuts and diet.

Recent research by Ghalioungus 1 has enturely confirmed the frequency
of thyroid disease 1 Egypt. In a series of 892 patients secking treatment for
endocrine disorders of various hinds he found 643 “ thyroud cases * (72 %)
and of these more than half were hyperthyroid In Ghalioungur’s view the
general prevalence of thyroid disease 1 Egypt must be higher than these
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figures sndicate because most people suffering from simple uncomplicated
gottre do not come for consultation, only those who experience toxic
symptems present themselves

Gautre ts saud by Dalbey & Omar ° ¢ have been known to the ancient
Egyptians and to have been depicted on their rehefs and
drawings; but Ghalioungui can find no confirmatory evidence of this in the
works of archaeoloists and authors who have studied ancient Egyptian
civitization from a medical standpont.®t The picture of Cleopatra in
Rufler's Studies wn the Palaeopathology of Egypt (1921} cannot be considered
a portrawt, and the slight bulge m the neck region 1s possibly an exaggeration
due to the high-rehef techatque practised by Egyptian carvers of that epoch.
Nor, 1 3 farly wide expenence of old Egyptian monuments and their
reprod; does Ghal gy T ber having seen a cretin, a hypo-
thyroid, myxoed or goy Person rep d. However, there
15 no reason to belicve, he says, that gostre did not exist among ancient
Egyptians, since the conditions of soil, food and water that presarted forty
centuries ago must have been very much the same as those existing today.

First to mention the endemic as distinet from the sporadic occurrence of
goitre 1n Egypt was Ibrahim, 222 who found it in the villages of the Dakhla
Oasis, which fies 200 miles west of Luxor and 350 miles south of Alexandria.
The village with the highest goitre rate was El Qalamun, where 18% of the
men had goitre angd 3 children out of 35 examined were defintte cretins
Other villages were less senously affected, but there was a rate of 6% among
adult males at Mut and cases were also seen at El Gedida, and at El Khirga
in The Great Oasis to the east of Dakhla Tt was not possible to examine any
women

Further and more up-to-date information abont the goitre endemic n
the Dakhla Qasis 15 available in two surveys made by Ghalicungui, the
first 1n 1951 and the second m 1995199 3911 The results of the second survey
are summanzed in Table XIV

TABLE X1V, PREVALENCE OF GOITRE IN THE DAKHLA OASSS, 1055

Mt & Qatamun | E Rashds EGedida | £ Moushi
|

AislciajBlclalB|cial[BlciA e jc

3

Nd ot f 73 ] 18 {25% ] 83 | 14 {5 45 | 17 {38 6F
21339 15 | 8 (53| 23 ) 1 jasy| 7 4 {514y 0
-t

Under 19 years | 34

05, s
X b osirgl tfmfmf o]t~
2| 2 {to%)| a8 | 10 {26% n}| s ] 85 | 39 Jasy| 13

Above 20

Tota g7 ] 9 juagieor [ as [28% 1130 | 25 f2004 {438 | 60 ja3%) 8t

\ A = number of people examined, B =~ number with goitra; € ~ parcentage with goive
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Goutre 1s common tn all parts of the oasis. The highest over-all rate
(43%)1s seen n El Gedida and the two lowest in Mut (13 %) and El Moushia
(12%) The condiion most frequently occurs between the ages of 16 and
15 years, and the age-group that seems to suffer least 1s that over 20 years;
this may be partly accounted for, however, by the fact that the young men
regularly migrate to the Nile Valley towns when they come of age The
general level of intelligence, initiative and activity 1s very low; defectives
were found 1n greatest number 1n El Gedida, the willage with the highest
gottre rate  Obvious cretimsm and myxoedema are rare

Regarding the cause, Ibrahim 12 says that, so far as the Dakhla Oasis
1s concerned, contaminated drnking-water 1s out of the question, the
water comes from artesian wells at a great depth and 1s comparatively pure.
However, 1t contains large amounts of calcium and magnestum sulfate and
Ibrahim regards this as the chief causative factor Ghalioungun 1 also
agrees that in the oasis polluted water can be excluded from consideration.
On the basis of 1odine analyses he holds that the cause of the Dakhla
endemtc 15, quite ssmply, the lack of sufficient todine in the sotl, water, local
salt, and agricultural products. This situation is aggravated by hard water;
the varying calcium, magnesium, manganese and chlorine content of the
different wells probably accounts for the different rates at different parts of
the oasis Fish are unknown and are regarded as legendary animals,
Gortrogenic foods, such as cabbage, do not form part of the diet of the
oasis dwellers

In the Nile Valley, on the other hand, polluted water 1s without doubt
the prrmary goitre-producing agency, in the opinion of Dolbey & Omar 1007
People Iiving 1 willages situated immediately on the banks of the Nile
drink the river water, 1t 1s comparatively clean and these ripartan villagers
do not develop goitre as a rule Thyroid enlargement occurs almost ex-
clusively among people iving 1n villages away from the Nile where the wells
and irngatton channels are mcredibly polluted. Similarly, Dolbey & Omar
found no goitre among the bedown Arabs who dnink from remote desert
wells yrelding water which ts punty itself compared with that from the
grossly polluted pools, wells and canals in the villages of the fellaheen

Sudan

At least five centres of endemic goitre have been located 1n the Sudan
(1} on the Nile around Ed Damer 1n the Northern Province, (2) at Halfayet
el Melouk, a small village about 20 mules north of Khartoum; (3) 1n the
Upper Nile Province among the Neur and Shilluk tribes south-west of
Malakal, (4) 1n the mountains of Darfur Province to the extreme west of
the country; and (5) m a narrow stip of terntory inhabited by the Azande
in the south-west

The first and fourth of these endemic areas are of comparatively minor
smportance  The second and third have recently (1956) been studied n
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some detail by Ghalioungui et a1 19, 103 They examined a total of $09
people, ranging in age from miancy fo more than 60 years, and found that
402 of them, or 49.6%, had defimtely enlarged thyroid glands. Sivty-five of
these subjects (16 gaitrous) were seen at Halfayet el Melouk; the remainder
were Jocated either sn Malakal stself or an villages situated along the Bahr
el Zaraf (Girafle niver), Bahr ol Jebel (White Nife), and Bahr ¢l Ghazat
{Gazelle river) 1o the west and south-west of Malakal The particulars are
shown in Table XV

TABLE XV PREVALENCE F GQITRE IN TWO ENDEMIC AREAS IN THE SUDAN, 1956

| Parcentage
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| ] [ !

{‘” RN

496

The highest rate (64 %) was seen in adolescents between 10 and 19 years
of age, but there was also a 609 rate among children below 5 years. Water
from three Jocahties was examined for jodine content, samples from Tarnob,
where the goitre rate 1s high, had a very fow content.

The fifth endermc area n the Sudan covers a traty of cowniry approxi-
mately 200 miles long and 60 miles wide, lying roughty on 2 SE-NW axis
Just where the Sudan borders on the Central Afnican Republic (former
French Equatonal Afnea) and the Beigian Congo, It includes such places
as Yambio, Naand: and Tambura, and 1s 3 region that presents features of
unysual nterest 1o the student of gotre. These have been fully described by
Waodman.iet Throughout the area are found the sources and head-waters
of innumerable smali streams flowing northward towards the Nile. The sa}l
1s predominantly ironstone latenite with acid clay catenas. Limestane is
conspicuous by 1ts absence. Sun-eroded aseas are habtf: 1o become sandy
and to have much of the nutntive content of the thin soll}nycr leacheq mft
and carried away by percolating water, Nevertheless, this narrow strip is
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known as the “ preen-beft  because 1t contains the most festile soil of the

region

The most striking, and most puzzh h sstic of the end: I
the apparently stnict terntorial it wathtn wh:ch 1t 15 confined. On the
east the disease virtually pp at 29°, 1 ding 60 mies

to the north where ramfall is shightly fess, where the streams increase in
size but dimemsh 12 aumber, and where the soil gets poorer, gortre becomes
less and less common and soon disappears, the western margn of the
endenuc ends abruptly on the borders of the Central African Republic where
the streams run south-westward from the dmde 10 join the M’Bomon
river and eventually the Congo; the same applies to the south, where the
streams run towards the Uele and the Congo

R of the end to this relatvely small strip of 200 mules
by 60 mutes 15 hard 1o explain on ecological grounds. As Woodman 1
pounts out, the same kind of terrain, the same tribe and the same conditions
of diet exist to the east of longitude 29°, where the endemc stops, as pertain
m the heart of the eademec area. Surularly, why s 1t that only occasional
gotres are seen mnmediately south and west of the watershed where the
fatente soils are sdentical with those of the endemic stnp ?

On an average about 3% of the population have gortre and nearly 85%
of cases are in women. The condition 15 commanest between the ages of
13 and 35 years, although there are many cases sn girls of ten years and
younger, 1 one mstance an mfant in arms and a ehild of three and a half
were affected  Parenchymatous colloid goitee s the usual type but adenoma-
tous gortres arg also scen. Hard nodular thyroids are occasionally met
with 1 patients between 40 and 60 years and are usually becoming malig-
nant Many of the goitres <cen in young women savolute to comparative
normahty but a large proportion attain a weight of 4-6 ounces {110-170g);
sometimes tumours of 16-20 ounces {450.570 g) are scen. The almost
complete absence of true Graves® diseasc 1s a feature; 1n fact, the type of
gortre seen 1n thus area 1s described by Woodman as the least tovc of alt
known vanettes. Cretinism and myxoedema are non-¢ustent.

A presumption that within the endemuc area the soils and waters fack
sufficient 1odine to prevent gotre cannot, i Woodman's view, readify
account for all aspects of the endemic in this distnet, Alutude, chmate,
soil (as far as it has been investigated by chemusts), flora, tribal inhabitants,
diet, and incidence of parasutic mfectton and other diseases continue to be
the same outside the affected strip, yet there 1s no goitre. Can it be, he asks,
that the virgin streams, after flowing for 50-60 miles through a leached and
sandy terrain, begin to derive todine from rotting vegetation or other source 7
Chemical determinations of 10dme can ajone answer this, and it would
seem of the greatest importance to have these carried out on samples of
water and soil from both inside and outside the gostrous area before indulg-
mg in further speculation.
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Woodman concludes: “ It 1s hoped to make jodized salt available in alf
the shops of the enderic area Tt would be 1deal of this could be the only
salt on sale ™

Ethiopia and Erjtrea

The high plateau of Ethiopia figures prominently as a focus of endemic
goitre in north-cast Afnica In 1904 Singer 1°% made a journcy from Khar-
toum up the White Nile and along the Sobat and Baro risers into Ethiopia,
whenee be ascended the plateau and traversed the whole country from west
10 ¢ast as far as Dpboutt in French Somatitand

People with gotre were met with throughout the entire platean, more
commoniy on the west side than on the east, but none was seen at the point
of entry into Ethiopia, namely, i the flat country below the platean where
the Sobat and Baro debouch from Ethiopia 1nto the Sudan. This confirms
the observanons of Balfour (see Blacklock *#%), who saw no goitre when
travelling on the Pibor river, a tributary of the Sabat, in 1903,

Singer’s cases were usually enormous goitres of the parenchymatous
type, but adenomatous and other forms were encountered, and Graves®
disease was far from rare  Indeed, the fact that he more or less accidentally
came across six cases of typical Graves' disease—four in one family— in a
brief journey through the country gave the wmpression that many more
would be found on systemanc inquiry  Singer's deseription of the enfarged
blood-vessels conrsing and throbbing over the sutface of an erormous tr-
lobed growth puliing at the neck of an exhausted man of 27, seen at Goré
1t the west of the country, 15 espeaially vivid

Other earlier writers o goutre (n Etheopia include Mérab,'®® who saw
much of the disease at Tegoulet, Ankober and Djimema He mentions
that a locat method of treatment practised by the Gallas 1s to catch a fne
porcupine and apply it to the goitre in the manner of a feech; ats sharp-
pointed teeth puncture the gland in many places, drawing off great quants-
ties of blood and a considerable amount of colloid flmd. In contrast to
Simnger’s observations, Mérab regards phthal goitre as 1y
rare in Fthopa

The most recent accourits of the Ethiopian plateau endemic ate by Ange-
fim & Scaffid(1s by Gaspermi 116 and by Grassi Bertazzi ©7 Angehmt &
Scaffids became acquarnted with the disease dunng service in the ltalo-
Abyssinian campaign of 1936, when they were struck by the aumber of
gottrous women who came for treatment to their field hosprtal at Enda
Atzald Chercds.

Enda Chereds, or Chnist’s House, hes in the Atzafa valley, one of many

t Jocalities found through the regron of Enda Meconm m
southern Tigrai. The Enda Meconm endenuc extends along the Allagl
mountan range from the plains of Mai Mescic in the north to the depression
of Mar Ceu in the south Beyond this area to the south, Angelini & Scafiidi
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saw goitre in the Provinces of Wollo and Shoa where it was particularly
evident at Debra Birhan and Ankober in the orbit of Addis Ababa They
also refer to its prevalence 1n Wollega and Gojjam Provinces in the west
of the country.

The high plateau of Scioa, on which the goitrous foct of Debra Sina,
Debra Birhan, Ankober and Sciano are sited, has been closely studied by
Grassi Bertazzi.’®” He stresses the poor rye-flour deet, lack of vitamins,
and adverse geochemical factors as contnbutory to goitre in this area.

Angelini & Scaffidi 1918 emphasize that 1t is almost solely the female sex
that is affected; they saw scarcely any goitre among men and regard the
predomimance of cases in women as an indication of the mildress of the
endemic, arguing that i1n regtons where the disease 1s exceedingly severe the
two sexes are affected almost to the same extent and, in addition, cretintsm
and deaf-mutism are always very pronounced They did not come across
any cretins or deaf-mutes

On being asked their opimion as to the cause of the disease and the
reasons for its widespread occurrence among women, some of the Atzala
valley people insisted on the particular importance of family mourning,
which, in women, determines the cut of the hatr; very often the commence-
ment of a goitre 1s attributed to the shaving of the head at the time of the
death of this or that relative. Others blamed the dninking-water, so often
fouled by the decaying bodies of land animals and birds  Mention was also
made of a stream 1n the vicimity of Mai Mescic north of the Alag: range
which bears the name Mai Gurguri (1., goitre water) because those who
habitually drink from it invariably contract goitre

Initial attempts by Angelimt & Scaffid: to introduce 10dine preventive
measures were succeeded some years later by the more prectse and systematic
efforts of Gasperini 1'% He was especrally concerned with gortre along the
Entrean border, where the chiel endemic centres are a few small villages
i the districts of Makale and Uagh, and i the neighbourhood of Adigrat
Supplies of salt for this region are obtained 1n blocks from Massawa and
other places on the Red Sea coastal area of Dancalia

Gaspenini describes 1in detail the method by which this salt from the
Entrean salars was 1odized and explatns how he overcame certain difficulties
connected with the process and with the subsequent distribution of the salt.

Bntish Somalitand

Reporting 1n 1936 to the Economic Advisory Council’s Commuttee on
Nutnition n the Colomat Empure, the medical authortties 1n Bratish Somali~
land mentioned that they found some clinical evidence pointing to a possible
deficiency of iodine n the diet of the Somals, but 1t would appear that
this cannot be very serious because the report specially stresses the distinctive
stature and phys:que of the nomad Somalis and the absence of any wide-
spread nutnitional disorders 192
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Upanda

Goitre does not appear to be a pressing problem tn Uganda  Never
theless, nearly every Baganda child examined by Dean ™ at a primary
school 1n Kampala was found to have an enlarged thyroid, According to
Dean no one has yet seen a Baganda cretin

In his paper on gotre i the Belgian Congo, van Campenhout 1975 refers
to occurrences of the disease on the spurs of the Ruwenzon Mountains and
n the basin of the Sembiki niver between Lake Afbert and Lake Edward
As the Ruwenzon range and the river Sembik form part of the western
boundary of Uganda, this endemic area deserves mention here,

Tanganyika

There 15 hutle wmformation about gonre m Tanganyka, but Trolli
mentions its oceurrence * mn the mountainous regions ™ % Since the context
m which he was writing concerned the Belgian Congo and, in patticular,
the uplands around Lake Kivu and in the Ruanda-Urund: termtory, it 1s
possible that he was refernng 10 the mountams of north-west Tanganyika
immediately adyoining s area

More recently, C. D, Wilhams (personal communication, 1954) has

ded the p of goutre sp ly in the southern hightands

Belgian Congo and Ruanda-Urundi

Four distinct and well-d d regions of end gotre est 1
the Belgian Congo These cover: (1) an upland area m the north and
north-cast, (2) the high mountain barner separating the Beigan Congo
from Uganda and Tanganyika mn the east. (3) the mountanous parts of
Katanga Province 1 the south and south-east; and (4} a smaller area it
the far west situated just south-east of Léopolduille Mo gostee 1s reparted
from the vast low-lysng parts of the Congo river basin in the centre of the
country De Smet’s 193 impression 1s that a prevalence of between 1% and
2% otcurs all over the country, nsing 16 $0% n endemic areas of the north,

North and north-east

The first of these endemuc regions extends throvghout practically the
whole of the area bounded by the Ubang:-Uele nivers in the north and the
most northern stretch of the main Congo river It thus occupies a stnip
of terntory about 600 mules in length, from Bangm and Zongo n the west
to Naapu and Panga 1n the east, and about 150 miles 1t depth from north
1o south. Although the entwre area 1s continuous so far as goire occurrence
is concerned, it may convenently be considered n three mam se;(ions—
west, centre, and east—by reason of the fact that the published fiterature
on the subject naturally divides itself in this tnpartite way
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The western section, described more especially by Schotte, %8, 1033
Daloze,’*** van Campenhout,}* Baudart,)*® and De Smet,? covers the
area watered by the nuvers Ebola, Duza and Mongala. It includes the districts
of Banzyville and Yahoma on the river Ubangt, and 1ts most heawily affected
focus 15 Abumombazi, which 1s situated at the headwaters of the Ebola.

The central section, referred to particularly by Rodhain,'®? Troll,102¢
van Campenhout,'*® and De Smet,1% covers the area watered by the nvers
Uele, Likat, Rubi and Iumbint It includes the districts of Bondo on the
mver Uele, and Aket1 and Buta on the rnser Rubt

The most easterly sectron of the endemic has been studied intensively
by De Smet 199, 1931 byt has also been visited by Rodhain 1997 It covers the
region watered by the nvers Lulu and Aruwim, especially the tnangle in
the neighbourhood of Yangambi formed by the Aruwimi and the nght
bank of the upper Congo with apex at Basoko Eastward extensions of
this goitrous area are found as far as Nuapu near the source of the Rubi
and at Panga on the niver Itun north-east of Stanleyville

According to natives of this northern Congo area gostre is of fairly
recent ongin there, and 1s sard to date back only to about 1895 Van
Campenhout, = who spent much time 1n the Ebola-Likat: area south and
west of Bondo dunng the years 1893-97, was never particularly struck by the
existence of the disease at that time, and Rodham,'%? who had hved 1n the
Ubang: region since about 1900, only mentions his first cases tn 1912-15
Following these early observations, reports of goitre occurrences mount up
rapidly and the suney-map of the Ebola-Dua-Likati area made by van
Campenhout 1n 1934 shows goitre rates of 20%;, 30%, 50% and 60%
Confirmatory data were given by Baudart 2°® 1 1939, thus

Number of  Nomber  Percentage
Ppeople exammned  gorirous sourous
North of the Ebola 4226 1629 3902
South of the Ebola 4682 2432 5216
Banks of the Uele 5661 345 609

In the Ebola region Baudart observed goitre quite frequently among
mnfants at birth; but 1t 1s of course more prevalent in adults, especially
women. To the east of ths northern zone De Smet %% noticed an increasing
prevalence (from about 1 5% to 80%) as he moved from Yangambt on the
nght bank of the upper Congo northwards towards the Aruwimi nver
On the left (south) bank of the Congo at this point the people are reported
to be less afficted by the disorder The explanation given 1s that centuries
of ram have washed out all rodine from the sorls on the northern bank
whereas the alluvial soil of the south bank 1s being constantly reinforced
with minerals from the river Among dwellers immediately on the river
banks on either side, where much fish 1s consumed, there 15 no goitre Toxtc
goitre occurs in this area, and cases of gortrous fibroma in women are not
uncommonly accompanied by sterility, a condition considered to be asso-
ciated with hypersecretion of the sex hormone, folliculin (see also Velghe 1042
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East Congo and Ruanda-Urundi

Gottre centres have been found sn vanous parts of the nosth-east and
cast of the Belgan Congo, parncularly on the spurs of the Runenzori
Mountams between Lakes Albert and Edward (van Campenhout 105),
around Lake Kivn and in the Terntory of Ruanda-Drund: a1 the head of
Lake Tanganytha (Demacyer & Vanderborght 1%, and 1n the districts of
Lohkandu and Kasongo (Kadaner 1% and Velghe 1912) which Yie on the river
Lualaba, respectively 200 and 350 mules south of Stanleyvilie,

Ruanda, with a population of approximately two million, was made the
subject of special study by Demaeyer & Vanderborght,'® who examined a
totat of 22 801 peaple of the Bahutu and Batuts: tnibes~about a thousand
from each of 22 different places The goitre rate vared from 183% to
28 37°{ according to locality, 1t was tugher among women than amorng men
and most goitres were of the parenchymatous type  Nodular goitre was not
observed in individuals under the age of 30, and no cretimsm, deaf-muhsm
or Graves® disease was seen

The migher rates were usually found 1n places with a high sanfall and
situated on lava and basaltic rocks fich m magnestum, calerum and potas-
sium  Dry regions on schists and quartzites had a low incidence The
data for the 22 localities studied bring out this relationship {see Table XVD)

TABLE XVI PERCENTAGE PREVALENCE OF GOITRE IN RELATION TO RAINFALL AND
NATURE OF ROCKS

Fainfall 3 Sehists | Granto-Gneiss Cavas !
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1300-1400 “ 625, 1240 AR 2300 !

1500-1600 I - 2200 - |
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1t will at once be seen that n a general way the percentages of goitre
increase from top to bottom and from left to nght of the table, that is,
they mcrease with the degree of ramfall and, for the same level of ranfall,
with the proportion of potassium, magneswum aad caleram salts in the rocks
In Ruanda, * vegetable ” salt used to be eaten but has been completely

replaced by ordmmary salt and cannot therefore be associated with the
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presence of goitre. Among the different vegetables eaten by the Bahutu and
Batutst only one has any relationship with the Brasstea genus, this 1s “ 1sogo ™
(Erucastrum arahicum), but as st is in almost general usc both tn areas of high
and in those of low incidence, 1t does not seem that it can be tnerimimated as
goitrogenic

The goitres mentioned by Kadaner % at Lokandu in the Maniema
region occur predomunantly in women and are not regarded as very serious;
those scen by Velghe 1 among the Matapa at Kasongo were also mostly
in women, but apparently in this distnict sterility and goitre go hand in hand.
Lack of iodine in the soil and water 1s not considered to be primanly
responsible for the frequency of goitre here, since the disease 15 much less
p in neighbouring ities living 1n an 1d 1
It is believed that the stenlity among women 1s due to a conditroned defi-
ciency of iodine produced by an excessive secretion of the sex hormone,
folliculin, acting as a goitrogenic agent  Men are less affected with thyroid
trouble because their testosterone secretion 1s generally normal m amount
{see also De Smet 10%0)

South and south-east

The southern endemic covers the greater part of the highlands of Katanga
Province. With 1ts centre at Sampwe n the Kundelunge Mountarms, where
prevalence is highest, 1t extends to Mwanza in the north, almost to Elisabeth-
ville in the south, as far east as Pweto on Lake Mweru, and westward
through Bukama, Kalule, Kamina and the Lomam country to the niver
Lulua and the Dilolo area on the borders of Angola (Schotte, 1039, 1039
Trolli;'** van Campenhout ;12 Calonne 1024)

The Sampwe district, examined closely by Calonne,!®2 1s situated in the
valley of the river Lufira, a tributary of the Lualaba. It is surrounded by
mountain masses yielding a multitude of small streams near to which are

blished native sttt chiefly of the Basela and Balomotwa
tnbes These people hive a hard and frugal Iife, as a general rule sowing
only one crop on an impoverished soil, possessing few if any livestock,
and alf obtaining thewr diinking-water from the same mountain sources

The disease 15 seen only at lower levels along the margins of the nvers
feeding the Lufira, not on the high plateaux The over-all rate of established
goitre among 1118 natives examined by Calonne was 24 5% 17 71 cases of
diffuse hypertrophy seen 1n young people about the age of puberty are
mcluded 1 addition, the over-all rate increases to 30 8%. Men were less
affected than women, out of 395 males of all ages there were 34 with goitre
(86%) compared with 240 cases among 723 females examined (33 2%)
Certain districts were mtensely affected, with rates among women of 50%,
nevertheless, as 1s not unusual in goitre country, some villages situated in the

:ery heart of the affected area were, inexplicably, entirely free from the
1sease
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Enst Congo and Ruanda-Urundt

Gastre centres have been found m vanous pasts of the north-cast snd
east of the Belglan Congo, pasticuiarly on the spurs of the Ruwenzon
Mountains between Lakes Albert and Edward {van Campenhout %),
around Lake Kivu and w the Tersstory of Ruanda-Urundr at the head of
Lake Tanganytka (Demaeyer & Vanderborght 1°%), and mn the districts of
Lokandu and Kasongo (Kadaner ¥ apd Velghe *4%) whuch hie on the river
Luataba, respectively 200 and 350 masfes south of Stanfeywife.

Ruanda, with a population of approximately two million, was made the
subject of speciat study by Demacyer & Vanderhorght, ¥ who examined o
total of 22 801 people of the Bahmu and Batuts: tnbes—about a thousand
from each of 22 different places The gostre rate vaned from 1.83%7 to
28 37% according to tocahty, st was Jugher among women than among men
and most gortres were of the parenchymatous type  Nodutar gonre was not
observed 1n individuals under the age of 30, and no cretimism, deaf-mutism
or Graves” disease was scen,

The gher rates were usnally found m places with a high ranfall and
situated on lava and basaltc rocks rach 1n magnestum, caloum and pofas-
sium Dy regions on schists and quartzites had a fow medence The
data for the 22 focalities studied bring out this relatianship {se¢ Table XVI}

TABLE XVI PERCENTAGE PREVALENCE OF GOITRE IN RELATION TO RAINFAUL AND
NATURE OF ROCKS
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It will at once be seen that sn & general way the perceatages of gostre
increase from top to botiom and from left to nght of the table, that s,
they ncrease with the degree of rainfall and, for the same level of rainfall,
with the proportion of potasssum, magnesum and calcium salfs in the rocks.

In Ruanda, “ vegetable ™ salt used to be eaten but fas been cou}pletely
replaced by ordinary salt and cannot therefore be assocsated with the
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valley area The majonity of the Lala dwcll in the ighlands; the rest hive sn
the lowland valleys through which run the Lukusashi, Luangwa and Lun-
semfwa rivers, which recerse the streams and tnibutanes ansing on the
Zambesi side of the Congo-Zambest watershed

Beet 14 made an exhaustive nutnitional survey of 660 Lala children
at 17 schools 1n both platcau and valley areas  He found 387 of children
with enlarged thyroids  The rate was higher 1n girls but the difference was
not marked. To the north-cast of Serenje and Mkushy, but n the same
general area, lies Chitambo, where D Mackay (personal commumnication,
1946) has reported the prevalence of goitre

There is very hittle published information about goitre in Southern
Rhodesia but, according to W. R, Carr {personal communication, 1954),
the disease 15 endemic in many parts  This is confirmed by the decision
of the Government (1954) to consider the iodization of all crude salt,
of which about 10 000 tons are consumed annually in Southern Rhodesia
As this supply comes {rom a number of different local sources, the 1odiza-
tion of all presents an ad ve problem  Ennchment
of crude salt with potasstum todate 1s carned out 1n Salisbury, but its
distnbution can be extended only by improved health education  Refined
salt {s now more popular in the Rhodesian market, and on this account
proposals have been made to import, or to produce locally, packeted
iodized table sait 145

lodine deficiency among domestic ammals in Southern Rhodesia has
been pin-pointed by Affleck ¥ in the Karon area, on farms along the south
bank of the nver Hunyam near Sinow, and at Raflingora where also the
native population 1s goitrous  In thus same arca to the north of Salisbury,
Affleck has seen entarged thyrords and skeletal deformities among foals in the
Umvukwe Range Here, interference with 1odmne utihization due to the
hugh cyanogen content of wilted lucerne 15 behieved 1o be a contributory
factor. After a particulasly wet season 1n 1958, a sudden increase 1n the
number of cases of stillbirth and weakness at birth among goat kids was
reported at Victory Block between Raflingora and the Umvukwes, the
ammals were born with very large thyroids and were frequently hariess

Union of South Africa and neighbouring territories

Foliowing the general north-south pattern of this world survey, 1t
1s convenient to treat the southern section of the African continent as a
whole. Accordingly, the Unton of South Africa is considered together with
its neighbouring terntories, more or Iess m the following order; the Capnvn
Strip, South-West Africa, Bech d, and
The main centres, features, and causes of endemic gollre 1n this vast area
are fully documented and descnbed by Steyn and his colleagues 1 the 1955
teport of the South African Goitre Research Commuttee %% Among others
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Toxic gortres develop tn about 252 of cases, and an interesting obser-
vation 1s that chinical signs of hyperthyroidism, especrally i giels, are guickly
brought on by any unusval physical exertio) a race, for !
Ci ] defects~—d, deaf-mut and ¢ . very

Ye

frequent tn the Sampwe area

Western Belgrian Congo

Medicat census of the population of the Pravince of Kasa: towards the
west-centre of the Beigian Congo, and of the Lower Congo Distnct in the
extreme west, reveals only 1sofated occurrences of goitre (Trotl 19%), There
1s, however, a mildly endemuc centre 1 the Foréam cercle of Popokabaka,
an area occupied by the Bayaka tribe about 150 miles south-east of Léopold-
ville 1t covers the region watered by the nvers Kwango, Twana and Wamba,
and it extends to the Mosamba country east of the Wamba, Himpe &
Pierquin,® Vande Voorde,®"* and Delaunoy & Clacys %% are the anthor-
wes on this endemic

The staple diet of the natives 15 “ monwa ™ {cassava) and 15 the same
far all regrons of the cercle  The yam 1s 1 farcly widespread use, and to 2
fesser extent rice and mawze By way of condmments there are gourds,
peanuts, grasshoppers, caterpiilars, a few coohed vegetables and pimento
The survey by Himpe & Prerquin 02 relates 1o a toral of 36 316 persons 1
the admumstranve sectors of Ngowa, Munene and Kabula among whom
they found only 303 goitres  The prevalence 1s therefore shght, betng on an
average 0 83% and nowhere tugher than 4 25%,  Gautre runs very distnctly
wn famihies, starting at an casly age and developing slowly to matunty i
adult hie In regard to size, the 303 enlargements varied considerably and
are classified thus.

Pigeon's ez 78 Fist stze n
Hen's egg 90 Baby's head 16
Duck’s egg 45 Foobail 3

There are few complications, goire does not apparently influence
fertility, and hyperthysosdism 3f 1t occrs at all 1s not acute,

Finally, so far as the goitre geography of the Belgian Congo s concerned,
Perin 1% has noted thas the disease rs frequent in the Kimvnla area of the
Lawer Congo to the west of Popakabaka Here, the people are of poor
phiysique, angemia (s common, and theee 1s marked lumbar curvature and a
high proportion of pelvic malformations ra womes, leading to difficuliies
at clutdbirth

‘The Rhodesias

The Districts of Serenje and Mkusht in the Centeal Provinee of Northern
Rhodesia are areas of endemic goitre  The regios, aceupted for the most part
by the Lala, 3 Bantu tnbe, consists of a wooded tighland plateau and a
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Barakwengo, the goitre ratc was almost 70%: among the Okavango,
626%.

Of all the enlarged thyroids examined by Kuschke only a few were
nodufar and one definitely 1n an early carcinomatous stage. He attributes
the disease to iodine defictency 1n the food, water and soil of the area and
recommends that iodized salt be supplied not only throughout the whole
of the Capnvi Strip but also to the tribes of the nesghbounng Okavango
Nauve Territory.

For the rest of South-West Africa there are no defimite facts, but Steyn
et al1% sugpest that as the subterranean waters in the southern semt-and
tegrons of the country contain fluorine, there is every likelthood that fluo-
rine-induced goitre occurs there just as it does 1n the adjoining areas of
north-western Cape Province, also known to be fluonne-nch,

Bechuanaland Protectorate

Goitre is seen in Bechuanaland only in the far north, where the country
marches the whole Iength of the Caprivi Stnp As already mentioned,
there is a mgh prevalence in this area, esperially along the Linyanti nver
10 the east and along the Okavango niver in the extreme north-west of the
Protectorate. Elsewhere in the counlry only occasional cases of goitre are
met with (B T. Squit p ion, 1955)

Ynwon of South Africa, Swaziand end Basutoland

Taking the Union, Swaziland and Basutoland as a whole, goitre 1s found
in the following five main areas:

L. Transvaal A narrow belt stretching for 300 miles across Transvaal
from Zeerust 1n the west throngh Witwatersrand as far as Nelsprnt mn the
cast. Places affected 1n this endemic area (from west to east) are Zeerust,
Groot Marico, Kuilic Koster, R ¢, Brits, Bronkh uits
(just east of Pretoria), Belfast, Machadodorp, Waterval Boven, Elandshoek
Valley, Nelspruit and Barberton.

2 Swaziland From the Nelspruit and Barberton area of eastern
Transvaal the goitre belt curves southward and occupies practically the
whole of Swaziland

3. Baxulaland and lhe Drakensberg range The entire Drakensberg
area, melud 18 P lly gostrous  On the northern slopes
of the range the disease occurs at Witnieshoek n the Orange Free State.
On the eastern side 1t is found along Bushman's niver and also in the Est-
¢ourt and Helpmakaar areas of Natal. Somewhat farther south on the
¢astern Drakensberg there are at I dhle, Polela and
Underberg Goitre has also been noted 1n and sround Blikana and Herschel
which lie at the foot of the Witteberg range 1n Cape Province just beyond
the southern border of Basutoland Qumbu on the south-eastern edge of

1
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who have made notable contributtons to knowledpe of gontre in South
Africaare Frack % (Transvaal); Blom,1" Buttaer ™% and Sehyr Brown!o
{Langklool Valley); Dormer 9% (Natal), Le Riche 1% (Johannesburg);
Kark & Le Riche "7 (Orange Free State snd Natal), and Steyn’s callabor-
ators, Maltherbe & Osburn 1033 1697

Eastern Caprps Strip

As mentioned on page 131, gotre is prevalent m the narrow stup of
territory rupning between the south of Angola and the north of Bechuana-
1and to connect South-West Africa with the Rhodestas  The Caprivi Stnp
1s some 200 miles long and 20-30 miles wide, with & total area of approu-
mately 4500 square miles {about 13 SO0 km?®) and a popuiation of about
15000 The country rs flat and very sandy, except in the most low-lymmg
areas which grow luxuriant crops  Dusing the ramy season large tracts
are tundated  The nutnitional state of the people appears satisfactory but
thesr standard of hygiene 1s low, and. owing 10 the marshy nature of much
of the country, malana s nife

In 1932, Annecke (see Steyn et al ®) made a gotre survey of the
Eastern Caprivi Strip and reported chat * anything above 70 per cant of
men, women and children show a simple ealargement wineh in older age
may become nodular {probably adenomatous}” He found the disease
predomunantly in females and suggested a refationship between 15 occur-
rence and the distnbution of the mankett- or mungongo-nut tree. Jt was
subsequently proved, however, that the manketss nut has no goitrogen
propesties B. T Squres (personal communication, 19553 visited the south
eastern portron of the Eastern Capnivi Stap in 1949 and reported 2 503
goutre rate there, enlarged thyrord glands in breastfed babses were no
exception In this area manketti-nut trees are extremely rare

The more recent abservattons by the South Afrwan Goutes Rescarch
Commstee (Steyn et al 13} confirm the fugh prevalence m the Eastern
Caprivi Stip, even among breast-fed snfants and toddlers. The mean
goure rate throughout the area 13 50%, but at Linyant willage i rises 1o
70% From the results of ther tions the C Tud
that the mayor cause of the endemuc 1s & primary rodine deficiancy in soil,
water and food, aggravated no doubt by the contammnation of drinking
water and general unhygienic conditions

Western Caprist Strip and South-West Africa

A gottre survey of the western portion of the Capnvi Strip, which for
admimstrative pusposes falls under the Junsdiction of South-West Africa,
has bren made on behaif of the South Afncan Getre Reseasch Commttee
by Kuschhe.™ He found that the endemic of the castern strip c_xtends
westward and affects the teibes inhabiting the western end of the strip and
the adyoining areas of South-West Africz and Bechuanaland. Among the
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Barakwengo, the gore rate was afmost 70%; among the Okavango,
62.6%,

OF all the enfarged thyroids examined by Kuschie only a few were
nodular and one definitely sn an cacly i stage. He k
the disease io jodine deficiency in the food, water and soif of the aren and
recommends that jodized salt be supphed not only throughout the whole
of the Caprivi Strip but also to the tnbes of the neighbouring Okavango
Native Terntory.

For the rest of South-West Afnica there aze no definste facts, but Steyn
et al )™ supresy that as the subterrancan waters in the southern semi-and
regions of the country contamn fluonne, there 15 every hielshood that fluo-
rineunduced gotre occurs there yust as it does ta the adjomung areas of
north-western Cape Province, also known $0 be fluonne-nch,

Bechuonalond Protectorate

Goire is seen in Bechusnaland only in the far north, where the country
miarches the whole length of the Captivi Stnp, As already mentioned,
there is a hugh prevalence in ths area, especially along the Linyanu nver
to the east and alang the Okavango nver in the extreme north-west of the
Protectorate. Elsewhere in the country only occasional cases of gottre are
met with (B T. Sq i , 1955)

Urion of South Africa, Swazland and Basutoland

Taking the Union, Swaziland and Basutoland as a whole, goitre ts found
m the followtng five main areas:

L. Transvaal A parrow belt stretefung for 300 miles across Transvaaf
from Zeerust i the west through Witwatersrand as far as Nelspruit in the
east Plates affected 10 this endemsc atea (from west to east) are Zeerust,
(‘froot Marico, Kuilfe Koster, R g, Brits, Broakh pratts
{just east of Pretara), Heifast, Machadodorp, Waterval Boven, Elandshoek
Valley, Nelspruit and Barbeston.

2. Swomlond. From the Nelspruwt and Barbeston arez of eastern

Transvaal the goitre belt curves hward and P iy the
whele of Swamtand.

3 B land and the Drak g range  The entire Drakensberg
area, meluding Basutoland

5P Iy goitrous  On the northern slopes
af the range the disease occurs at Witneshoek 1n the Orange Free State,
On the eastern side it s found along Bushman’s niver and also 1 the Est-
court and Helpmakaar arcas of Natal Somewhat farther scuth on the
castern Drakensherg there are at I dble, Polela and
Underberg Goitre has also been noted in and around Biikana and Herschel
which hie at the foot of the Witteberg range 1n Cape Province just beyond
the southern border of Basutoland. Qumbn on the south-costern edge of

0
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who have made notablc contributions to knowledge of goitre in South
Africa are” Frack 1% (Transvaal), Blom,*' Buttner %47 and Schur Brown'ost
{Langhloof Valley), Dormer 1 (Natal}; Le Riche 1% (Johannesburg);
Kark & Le Rrche ** (Orange Free State and Natat); and Steyn’s colfabor-
ators, Matherbe & Osburn 1053 1732

Eastern Caprivi Strip

As mentioned an page 131, gotre s prevalent n the narrow stap of
terntory running between the south of Angola and the north of Bechuana-
tand to connect South-West Afnca with the Rhodesias. The Caprivi Strip
1s some 200 mdes long and 20-30 miles wide, with a total area of approxi-
mately 4500 square miles {about 11 500 km?) and a population of about
15000 The country 15 flat and very sandy, except n the most fow-dying
areas which grow luxuriant crops  Durmng the rainy season large tracts
are nundated  The nutritional state of the people appears satisfactory but
thetr standard of hygienc 15 low, and, owing to the marshy nature of much
of the country, malaria 1§ nife.

In 1942, Annecke (see Steyn et al 196%) made a gaitre survey of the
Eastern Caprivi Strip and reported that “ anything above 70 per cent of
men, women and chidren show a sumple enlargement which in older age
may become nodular (probably adenomatous)™ He found the disease
predommnantly 1n females and suggested a relattonship between its occur-
rence and the disinbution of the manket or mungongo-nut tree. R was
subsequently proved, however, that the k nut has no g
properties. B T, Squires {personal communicatton, 1955) vistied the south-
eastern portion of the Eastern Capnvi Strip 1 1949 and reported a 50%;
gotre rate there; enlarged thyrod plands in breast-fed babies were 10
exception In this area manketti-nut trees are extremely rare

The more recent observations by the South African Goitre Research
Commuttee {Steyn et al 1%%3) confirm the tugh prevalence tn the Eastern
Capuivi Strip, even among breast-fed infants and toddlers, The mean
gotre rate throughout the area 1s 50%, but at Linyanti village 1t rises to
70% From the results of their gath the Ci i fud
that the major cause of the endemic 15 a primaty todine deficiency in soul,
water and food, apgravated no doubt by the contamination of drinking-
water and genperal unhygiene conditions

Western Caprive Strip and South-West Africa

A goitre survey of the western portion of the Capnvi Stnp, which for
adminstrative purposes falls under the junsdiction of South-West Afnea,
has been made on behall of the South Afncan Gostre Research Comuittee
by Kuschke!o® He found that the endemic of the eastern strip extends
westward and affects the tribes inhabting the western end of the stap and
the adjoining areas of South-West Africa and Bechuanaiand, Among the
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The prevalence of goitre throughout the Umon and veighbouring
terntories of South Africa vames considerably. Malherbe found that
26 6% of cluldren at Kuitfontein School (Qbetholzerskioof) in the south-
western Transvaal were affected, but at one place in the Nelspruit-Bar-
berton area on the east side of the Transvaal no Jess than 290 Bantu women
out of 300 examined had goitre. In Swaziland the rates among school-
chifdren are generally high, varying from 4% at Goedgegun European
School to 71% at Imbuluzi Natne Mission School 11 miles north of
Mbabane.

Among Natal schoolchildren the inaid 15 ly iderab),
lower than in the Transvaal. Strydom (see Steyn el al 1065) carried out a
thyroid survey at 14 European, 9 Coloured and 6 Native Schools 1n Natal
and found rates ranging from zero in the European Schools to 4% in
the Native Schools

Thirty-three years ago (1927) about 65% of the inhabitants in the
Krakeel, Hoeree and Klein niver valleys (Langkloof-Kouga region) showed
simple thyroid enfargement  More recent statistics {rom this area are 23%,
of slightly enlarged glands in Coloured chuldren at a school in Knysna, and
rates varying from 3% 1n primary and secondary schools at Joubertina to
22%; at Opkoms School Rates of 7% to 25% are recorded by the South
African Goitre Research Commuttee among children 1n the endemic fluorosis
areas of north-western Cape Province.

During the course of their investigations the Goitre Research Commuttee
encountered many cases of sumple gonre whlch were m!cmullen(ly (ouc
By far the highest preval of thy
goitre, was seen 1n north-western Cape Province. S!eyn and his colleagues
beheve that the fawly general use of farge amounts of wdine 1n the form of
Lugol’s solution for the treatment of simple goitre 13 1n some measure

ible for the high preval of thyrotovicosts here. This raises
unce wore the evergreen pmblem of Jod-Basedow or 10din¢e-induced hyper-
thyroidism,

QOn the question of all the e Wected 1n the course
of the exh. anatytical % ducted by the South Afnican
Goitre Research Commuttee has amply confirmed the view that iodine
deficiency 15 the pnmary cause of endemic gotre 1n the Umon and neigh-
bouring countries  Contributory factors in certain areas already mentioned
are excessive quantiies of fluonue n the dnnking-water  Soils, waters
and ly nch i avail calanm are also sncriminated
1n some localities as, for instance, the Langkloof Valley region It has also
been suggested by Buttner 147 that the occurrence of the element tellunum
m the Knysna area may be a contributory etiological factor, but there 1s
no confirmation of this.

The Goitre Research Commuttee, headed by Steyn, strongly recommend
the non-compulsory introduction of fodized salt 1n all the endemuc goitre
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the Drakensberg 15 another goitre centre falling within this geographical
group

Exact information on the degree of pr of goitre in B
was practically non-existent until the report of a survey conducted in 1957-58
by Mufioz & Anderson 19 recently became available, Seven of the nine
districts of the country were covered by the survey which involved the

ton of 13284 individuals of both sexes, of all ages, and from
fowlands, foothills and mountains An average prevalence of endemic
gottre (mawnly diffuse) of 41 %, with a range of from 30% to 50% according
to district, was exposed The problem 1s thus a serious one, and the authors
recommend the use of salt 10dized at a [evel of 1 part of potassium iodate
1n 10 000-20 000 parts of salt

4 Southern Cape Province In the south-east of Cape Province goitre
oceurs 1n the Winterberg area and in places along the niver Ke, which rises
n these mountains. Fort Beaufort, to the south of the Winterberg, is 2
goutre centre

In the extreme south of the Province the whole of the region from
Prince Albert and the Groot Zwartberg eastward to Humansdorp and Port
Elizabeth 1s a well-known goutre area It includes (from west to east)
Schy hoek; the Outeni M and the hbourhood of
Gearge and Knysna; Uniondale, Krakeelrivier, the Hoeree valley, Klemn-
rivier, Joubertina, and other places 1n the Kouga Mountains and Langkloof-
Kouga nver vaileys

1n the south-west of Cape Province goitre has been noted at Vilthersdorp,
Greyton and Caledon to the south-east of Cape Town; and also at Ceres
and Prince Alfred’s Hamlet 1n the Hexnvierberg region to the north-east
of Cape Town,

5. North-western Cape Province. Goitre occurs throughout the entire
area from the coast at Port Nolloth eastwards for 300 miles to Kenhardt
This belt includes Springbok, Nababeep and Ookiep; Poffadder; and
Kakamas and Upington on the Orange river Another 200-300 mules to
the north and east of Kenhardt, the disease ts found at such places as
Kuruman and Vryburg

Chemmeal analysis of water 1n these regions led Steyn et al %7 to conclude
that endemic goitre in the north-western Cape Province is chiefly due to the
general presence of goitrogeme quantities of fluorine and caleum 1n the
drnking-water and not to an inherent pnmary 1odine deficiency. There
are, of course, exceptions Areas exist 1n the north and north-western parts
of Cape Province where goitre 1s due, in a measure at least, to an absolute
iodine deficiency; this 1s the case, for example, at Upington and Kuruman
And there 15 the fact, as yet unexplained, that the prevalence among scholars
at Port Nolloth and Vryburg is faurly high in spite of a very satisfactory
concentration of iodine and a mimmal amount of fluorine in the munietpal

water-supplies

d
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areas where the disease is due to a primary iodine deficiency, i e., in every
goutre area throughout the Unron except tn those parts of the north-western
Cape Province where goitre 1s fluorine-induced 1045

Thyrod disease 15 surpnsingly uncommon among farm animals in the
endemic gottre areas of South Afrtea, but occasional cases are seen, When
mvestigating stock diseases all over the Unton and 1n South-West Africa,
the Eastern Caprivi Strip and Swaziland, Steyn & Sunkel 142 only twice
saw evidence of iodine deficiency 1n amimals The first was in a small area
in the Orange Free State where merno ewes gave birth to a high percentage
of lambs with enlarged thyrords and a number of stillborn lambs, The
second occasion was an outbreak of goitre among newborn Afrikander
calves on a farm situated on the south bank of the Black Ket niver in the
Cathcart district of Cape Province. The only other recorded occurrence
of goitre mn Afrikander calves 1s that aited by Matthew & Thomas 1% on a
farm 1n the eastern Cape Province. According to a recent report (1956}
there 1s no 1odine deficiency among animals in the Highveld region around
Potchefstroom west and south-west of Johannesburg 105 -

Seychelles and Madagascar

Munor occurrences of goitre have been noted mn urban and rural areas

of the Seychelles by M. Dick (personal communication, 1952), and 1n the
iterior of Mad: by Cloitre 195 and by Nimier (see
Dupont 2000)

Cases seen 1n Madagascar are mostly of sporadic and unrefated occur-
rence among Betsiléo and Hovas women who come from such distrcts
on the lugh plateaux as Ambositra, Ambohimahasoa, Franarantsoa and
Alakamusy-Ttemna  The disease 1s unknown among the Tanalas, Baras
and other peoples of the eastern coast region and extreme south of the island

Nrimzer (see Dupont %09) found no more than 50 goutres 1n 60000 mhabi-
tants of the Ambositra district, and Clostre 198 emphastzes that there are
no grounds for regarding the disease as seriously endemtc in Madagascar.
Of 32 cases seen by hum, 31 were i women over 25 and mostly between
35 and 50 years of age. Visible thyroid swelling 1n adolescent girls was not
uncommon.

Asia

The headquarters of goitre and cretinism on the continent of Asia are
the northern and southern slopes of the Himalaya Mountains This classic
endemic focus extends eastwards almost without mnterruption through
Burma into China and neighbouring countries The adjacent endemc
areas of southern Astatic Russia have already been noted (see pp. 75-76)
In the western regions of Asia gortre occurs endemically only here and
there; a few places in Turkey are mildly goitrous, and there are centres
in Lebanon and in Iran,
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has Been found
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With the exception of Lebanon, the countries along the Levantine
coast—Synia, Israel and Jordan—are apparently gostre-free, as also are
Iraq and Arabia, although it 1s sard that goitre has been seen on the Yemen-
Aden border.

Turkey

*

Spc"akmg generally, gostre 15 not a serious problem 1n Turkey. Never-
theless, the fact emerged during discussions at the Tenth Nationa) Medjcal
Congress, held at Ankara 1n 1948, that one or two areas may be regarded
as endemic.’! One of these covers the northern bulge of Turkey where
steep valleys from the spurs of the Kastamonu-llkaz mountams slope
sharply to the southern shores of the Black Sca. Goitre maps of this general
area of northern Anatohia have been made by Eser 1% and by S N. Yoru-
koglu (personal communication, 1958}, These show black spots at Ada-
pazart, Dizce and Bolu, the environs of Bartin, Zonguldak, Kastamonu,
Tagkdpru, and Gerze; and on the peninsula at Smop Somewhat farther
east, goitre has been found in the district of Amasya, and at Rize, a town on
the extreme south-east coast of the Black Sea

Another endemic regron lies to the west and south-west of the country;
here the principal centres‘are Afyon, Aydin and the neighbourhood of the
Menderes Chai niver south-east of Smyrpa, and Isparta, which 15 recog-
mized as an area of pronounced goitre The Isparta focus has been studied
especially by Eser & Velicangil 1972 199 who found rates of 359 among
boys of 12 to 16 years of age, and of 56 % among women between 16 and 60,
with the maxumum frequency at 16 10 19 years  In the southern bulge of the
Turkish mamland opposite Cyprus, goitre 1s found m the Boziir and
Ermenek Districts of Konya Province and jn the Taurus Mountains. In the
eastern part of Turkey there are centres of the disease 2t Erzincan
and Erzurum relatively near the endemic areas of Armema and the
Caucasus

According to Saka,’®"* the city of Istanbul and the country surroundmng
the Sea of Marmara, as well as the regions westward into Thrace, are
practically goitre-free, although cases of thyrotovic disease appear to be
frequent. Saka examined the thyrotds of 71 persons from all parts of Turkey
who had died from a wide variety of diseases. He found the average weight
of the normal gland to be 26 6-280 . Weights above avérage were noted
m persons who came exclustvely from districts of high elevation wh_ere
gautre is of frequent occurrence, ¢ g, from Bartin (425 g and 80 g), Djer~
kesch (44 g), Erzincan (49 g) and Erzurum (43 g and 55 g)

Ammal goutre is not uncommon Turkey, parttcularly 1n the northern
Kastamonu-Ilkaz region Akgay 7 examined the thyroid glands of 17,7
cattle post mortent; of these, 125 were affected with simple hyperplastic
goitre, 9 had colloid gottres and § were exophthalmic



PREVALENCE AND GEOGRAPHICAL DISTRIBUTION 151

Since about 1945 the inhabitants of goitre remons in Turkey have been
supplied with 10dized salt, and goitre posters and pamphlets have been
distnbuted 107

Lebanon

Physiographically the Lebanon consists of two parallel mountain chains
runaing the length of the country in 2 NE-SW directton—the Lebanon
range proper to the west, and the Anti-Lebanon to the east. Between these
two ndges 1s a high plateau, the Bekaa

Gotre 15 endemic at several places on the slopes and in the valleys of
these mountams, particularly those on the inner sides facing the Bekaa
plain 1n the central section of the country. Craudo et al 2%%° give the following
origin of 100 cases they had occasion to observe.

Kab-Elias 18
Zahl¢ 15
Deir El Harf 12
Hamana 13
Beskinta 6
Hasroun Ky
Broumana 3
Salima 3
Miscellaneous 24

Total 100

Kab-Elas 1s situated on the eastern slope of the main Lebanon chamn,
and overlooks the Bekaa  Zahlé 1s similarly placed, deeply recessed between
two mountains It 15 impossible to walk along the streets of these two
villages without noticing goitrous people

In the narrow coastal strip between the Mediterranean Sea and the
western Lebanon foothills the disease 1s practically non-existent. Among
the 24 miscellaneous cases listed above, only four came from the seaboard-
one from Gebeil (Byblos), one from Chekka, one from Jounieh and the
fourth from Chuah All these subjects, although born by the sea, were
descended from goitrous parents of stock Itis 11f not
smpossible to find a Beirut native with gostre; any cases that may be seen
there have originated elsewhere

The gotres seen 1n the Lebanese mountains are of the diffuse parenchy-

matous type and often of derable size; toxic p are not uncom-
mon, and malignancy 1s occasionally met with. Chaia 177 has made the
observat; of that by Calonne 1° m the Belgian

Congo (see page 142)—~that excessive or unusual physical effort may induce
thyroid enlargement. He noticed that goitre developed 1 a number of
young soldiers under hard training within stx months of enlistment,

The social mmplications of goitre 1n the mountan areas of Lebanon,
and the need to institute preventive measures, have been emphasized by
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Refet ™ He proposes the followsng regime for cventually ridding the
country of goitre:

(1) Exammnation by the district doctor of all primary schoolchildren
between the ages of 7 and 14 years, to ehminate if possible those who might
be senstive to rodine medication

(2) Furst year of prophylaxis: give each child one tablet of lodostarin
(dilodotariric acid) or one tablet contaiming 0.00{ g of sodium or potassium
1odide, regularly every Monday mormng for 40 weeks Stop during the
hohdays.

(3) Second year of prophylaxis: one lodostarin or jodide tablet per
child once a week for four weeks during each haif-year.

(4) Third and fourth years of prophylaxis- continue the tablets weekly
for one month every hali-year, as m the second year of prophylaxis, in cases
where the goitre has not disappeared,

An appraisal of radioiodine tests in the diagnosis of thyroid function
n Lebanese people has been made by Abu Haydar. 1™

Israel

Recent mass immigrations into Israel of Jews from all over the world—
people with different cultural, nutritional and climatic backgrounds which
they have tended to preserve 1n the new environment—provided Feldman 1%
with an opportumnity to examine whether these differences are reflected m the
prevalence and type of thyrond disease 1n Israel, His study relates to Jewish
people in three groups of orign: European-Ametican, Afrcan-Asian,
and native-born Israelis,

Thyroid glands taken at ve psies from 72 fected
Jewish children under 15 years of age were of normal weight and showed no
pathologieal lesions, OF a total of 323 patients treated either surgically or
medically for thyroid disease during hife in the five years from 1948 to 1953,
only five were snfants or children under 15 years.

From these facts Feldman concludes that Israel 15 not a country where
goitre is endeauc.

As for the adult population, Feldman found that 42 thyroiwds out of
110 taken at ive psies from individuals over 15 years old
showed pathological change~a rate of 38% 1n random adult post mortem
examinations. The rate of thyrowd disease among all adults clinically
examined by fiim during life for any reason whatsoever was 7 per 1000, or

ty times Jess than that disclosed after death. The reason
BB s e R B e e bt o he

The type utl' pathological change seen after death was mote 01 e ui
same for all adults irrespective of birthpiace. In the clinical material,
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thyroid disease was observed more frequently in patients of European-
American origin. Feldman concludes from this that Jews born in Europe
and America either acquire more severe thyroid disease than the other two
groups or are more prone to seek medical aid.

Those interested in goitre occurrence among Jewish peoples in Europe
will find Greenwald’s views absorbing.”

Iran

Two centres of gostre occurrence have been noted in Iran, These are the
wvillages of Alischavaze and Kereshtek about 25 miles from Teheran. The
possibility of introducing jodized salt 1n this locality 1s being explored by
M. B. Mashayekhi (personal communtcation, 1953). Gaguik of the medical
school at Teheran University is testing the 1odine content of different waters
in Iran in relation to goitre occurrences there.

‘The Indian peninsula ¢

The severe mamfestations of gostre 1n the south-eastern Soviet Republics
of Uzbek, Tadzhik and Kirgiz, on the Pamir plateau, and in other remote
centres on the northern slopes of the central Asiatic massif (see page 75)
are repeated with equal intensity on the Indian side of this great mountamn
barrier, In fact, the northern frontiers of the Indian pentnsula extending
from Afghanistan through Kashmir and Jammu eastwards for more than
1500 miles along the southern valleys and foothills of the Himalayas nto
Assam and Burma have a goitre reputation more formrdable perhaps than
that of any other part of the world The intensity of the disease s so great
m some places as to ment the term hyper- or super-endemic (Stott &
Gupta %) The goitre literature of the various countrnies that make up the
Tndian peninsula is intermingled to such a degree that 1t is dealt with here
as a whole, and not necessarly with reference to political boundaries.
Geographical distribution

Descending 1nto the north of West Pakistan from the mountain passes
T h

of Afgh and Badakhsh 1 lves not immune Y2—one
enters the western end of the gortre zone at Chutral, a wild and desolate
region in-girt and i d by the precipil spurs and

slopes of the Hindu Kush. Immedsately to the east, in the north of Kashmir
at the head-waters of the Indus, ltes the district of Gilgit which, together
with Chitral, is famed 1n the annals of goitre and cretimism by the researches
of McCarrison 1101, 1102, 128 p the North-West Frontier Province of Pakistan,
on the edge of Kashmir, a considerable amount of goitre has been observed
by H W, Waite (personal communication, 1954) in the Kagan valley and
hulls of Hazara, and by French et al1%2 and Watkin et al 1% at Muzaf-

© Includes Afghamstan, Pakistan, Kashmar, Nepal, Tbet, ladse and Assam
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farabad  From Gilgt the goitre belt extends south-eastwards through
Kashmur along the Karakoram range and over the districts of Baltistan and
Ladakh into the north-west of India proper. 108, 11s .

Here, the endemic pervades the sub-Himatayan regions of Himachal
Pradesh (Kangra, Pathankot, Gurdaspur, Hoshiarpur, Hamirpur, Kyelang,
Kulu and the Spits niver 105%.19%6)  the Shiwalak Hills and the disteicts of
Tebn, Kasault,? Ambata 1% and Dehra Dun; the former Province of
Kumaun 2 (Almora and Nammi Taf 1%), the almost inaccessible Hima-
layan habitations in the State of Nepal; 19 193¢ and the low-lying plars of
Uttar Pradesh, sncluding the Distniets of Pilibbit, Barely, 108 119 Bahrach,
Gonda, Basti, and Gorakhpur, where Padrauna is especially noteworthy asa
gonre centre M M South-east of Gorakhpur and not far from Pataa Yes
the goitre district of Muzafarpur studied by Sinha, Bose, Roychowdhury
and Gyam.¥ 128 Thus, there 1s an almost continuous stretch of goitrons
country filling the entire area between the Gogra river and the southern
border of Nepal On a journey through Tibet, Harrer ™ saw highly
d ped goures at Drothang, the last stopping-pt: before Kyirong on
the Tibetan side of the Himalayan barnier, 4

Sull farther cast the endemic continues across the nver Gandak
through Champaran and Purnea, it touches Danecling 12 (also § R. Sen
Gupta ~personal communication, 1953) and the States of Sikkim and
Bhutan 9% 13 Dye south of this area, goitre has been recorded i East
Pakistan at Dinajpur and Rangpur; * and in Assam there 1s an endemic of
some at Goalpara %7 and through the Lushar and Naga Hulls
at places such as Tripura, Ayal, Imphal (Manipur) and Stbsaga 1090 319, 112
{also A. K Miutra—personal communication, 1948)

Apart from this great northern endemie, gortre 1s by comparnison not
excessively acute elsewhere 1n India or Pakistan. Nevertheless, in Pakistan
the disease is a distiact problem in the Multan and Montgomery areas of
the west Punjab 198118 A recent epideric {1955) m the Multan region
was nvestigated by Murray et al2® Gotre has also been noted by
McCarnson at Larkana on the lower Indus and it occurs sparingly on the
Pakistan seaboard of Kutch 1194

In the State of R han (formerly Rapp } gottre is p
non-existent except in the Aravalh range and i the neighbourkood of the
tributaries of the river Luni near Aymer. 0t South of the Lunt and Aravall
area by about 300 miles, goitre is faitly common along the banks of the
Narbada river, which flows westward 1o the gulf of Cambay bc(w;en the
Vindhya range on the north and the Satpura range on the south; in both
these hilly Tegions the disease is not unknown.?? )

The central Indian plateau of Madhya Pradesh s not conspicuously
gottrous, but the malady 1s usually to be found in the nerghbourhood of
the southern tributanies of the Jumna and in the Jhansi and Lalipur uplands
where these rivers orimnate3® On their goitre map of India, Megaw &

14
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Gupta 117 mark endemuc centres between the Kaimur range and Jubbulpore;
and there are reports of the disorder in the high country east of Jubbul-
pore affecting the Surguja and Ranchi districts of Chota Nagpur, and
Sambalpur in Onssa (C Thom personal it 1951-52).

Throughout southern India goutre 1s found but sparingly. Tt has, how-
ever, been noted by Bodas & Deshmukh %% 1n and around the hill station of
Mahableshwar in the Sahyadri ranges of the Western Ghats about 200 miles
south-east of Bombay, McCarrison also saw goitre in this general area, at
Biapur, and farther south on the slopes and submontane tracts of the
Western Ghats, particularly at Coimbatore and in the Nilgiri Hills. The
Madras side and the Eastern Ghats are practically gortre-free with the
exception perhaps of Arcot, where McCarnison records occurrences along
the banks of the Cheyyar niver 1n the vicinity of Arni 1%

Thus, in summary, a competent cartoonist charged with the task of
brushing-in the goitre areas on a map of the Indian peninsula would heavily
underline the hollows under the entire length of the Himalayan * eycbrow ”,
hghtly cover an irregular and fragmented area of secondary importance
across the central plateau from West to East Pakistan, and merely touch
some mnor grey-spots 1n the Deccan and extreme south.

Degree of prevalence

In 1917, McCarnson "' estimated that the whole of India probably
contamed about five million goitrous people. He records that in some
Himalayan villages 60%; of infants still at breast were sufferers, and 1t was
difficult to find 2 man, woman or child free from the disease. Thirty-five
years later, Ramal, 19 after 1 ing all the statistical evidence
available 1n the 1nterveming period, reached the conclusion that the pre-
valence of endemic gostre 1 India had not changed appreciably 1n recent
years and that McCarnson’s estimate of five million affected persons was
probably sull valid in 1952 A later estimate (1959) puts the total at nine
million 1088

Hospital and dispensary returns 7111 give an jdea of the refative
severity of the disease yn different parts of the Indian pemnsula  The
greatest number of cases coming for treatment is encountered in the Dehra
Dun, Gonda and Gorakhpur Districts of Uttar Pradesh (formerly the
United Provinces) where an average of 100000 persons presented them-
selves 1n 1940 and almost half that number in 1949 In Bihar, prevalence
1s about the same as 1n Uttar Pradesh, the most grossly affected district
bemng Champaran, Sinha, Bose & Roychowdhury % found an average
rate of 11.77% among 8493 persons examuned in the Muzaffarpur district
of Bihar, with percentages nsing to 50 and even 70 1n one or two villages

The Punjab (particularly Kangra District), Bengal, and Assam (parti-
culatly Goalpara District) each yielded about 30 000 cases i 1940. In
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Assam some 34 000 cases seported for treatment in 1949. The figures are

as follows.

1840 1949

Punjab (All) 30000 —
Punjab (East) -~ 10 508
Uttar Pradest 100 000 44723
Bihar . . 100000 ~—
Bengal (All) . 30000 —~
Bengal (West) -— 81295
Assam | 30000 33999
Madras - 8258
Bombay . — 926

Considening that only a small proportion of sufferers seek hosmtal
{reatment, the actual number of affected persons must be several times
greater than the hospital returns. The results of some recent goitre surveys
confirm this belsef (see Table XVII)

TABLE Xvil PREVALENCE OF GOITRE IN VARIOUS PARTS OF INDIA IN RECENT YEARS

Prevalence{ Number Year
Regioa ot gaitre | of persans of Autharlty
e} surveyed | survey
Kashmir, Karakoram
lountains. ® - 1945 Alfen-Mergh
Uttar Pradesh, Dehsa Dun 2 554 1945 Ramalingaswami '
Uttar Pradesh, Bareilly 2 13 1947 Lyalf e
East Punjab, Shiwalak
Hirs 32 5042 1952 Ramaliagaswamé "t
€ast Punjab, Shiwalak |
Hits 3 1337 1952 Ramalingaswam: "*'*
Bihar, Purnea District 50 {3 viages) 1952 Ramalingaswami "
Bihar, Ranchi Distnet ] 563 1852 € Thomson {personal
! communication, 1952)
West Bengal, Daneeling 4 204 1953 Sen Gupta &
f P

The annual report of the Public Health Comaussioner with the Govern-
ment of India for the year 1945 records a 70% gostre rate among school-
children in Ambata, East Punyab % Dunng their 1955 survey of 319 school-
children in Multan District, West Pakistan, Murray et al1® found visible
thyrotd enlargement in 41 33 of boys and 72.3% of girls. The nutritional
appraisal of the all-Pakistan armed forces conducted in 1956 by French et
al 1992, 1130 revealed an overall thyrod enlargement rate of § 8 7¢; but among
the men examined at Muzaffarabad the rate was no less than 31%. The
Pathankot-Kangra-Gurdaspur region on the frontier between north-west
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Pakistan and Kashmir s heawily goitrous, showing rates of from 309, t0 909,
In the areas of Kands and Andhar, A stream runuing through th\s destrict
has been catled the Githasi Khud (* gostre steeam ™) since ancient times. 1%
1n Sikkim State a potre rate of 61 3% has been found at altitudes between
5000 and 6000 feet 312

Cretinism and deaf-ptism

Be they old or new, all descriphions of the goitre endemic in the heawily
affected areas of northern Indta refer especially to the prevalence of cre-
timsm, deaf-mutism and idsocy; these most tragic of the scquelae of gostre
are as much a past of the endemic as the gontre itselfl  According to Stott
et al "% affected villages n the HMimalayan tract have an average gostre
rate of about 40%, with some 4% of deaf-mutes, Stott and Ius colleagues
have delved decply nto the d and ibution of deal-mut in
the United Provinces (now Uttar Pradesh); therr survey has not been
bettered by anything published since, From vantous data they calculated
that i 1921 there were 25 000 congenital deaf-mutes yn the United Proviness
alone, a figure substantally the same as that i 191§, In Stoit’s opinion the
number of | deaf-mutes in the group O-5 years is vastly under-
estimated because the parents of these unfortunate creatures hesttate to
report thesr children as defective until all hope 15 lost, chinging as long as
possible to the bebefl that speech and hearing are metely delayed.

Etologieal factors

(1) Pofluttan  McCarnison M9 1% made a notable contribution to
knowledge of the factors that mnfluence thyrard enlargement when wvests-
gaxmg the cucumstanccs surrounding the occurrence of gostre m the nine

i vitlages coll fy known as Gulgit Eight of
these were swmcd ane above the ather on the same water-supply, which
i s downward passage w serface channels to and through the suceassive
viltages became wncreasingly potluted by human and ammal excreta The
ninth nillage—Barmis—was located some distance apart and had us own
wates-supply, a sprnag of exceptional punty not subject fo pollutson.
This willage was {ree from goitre, but the disease prevarled in the other
aght, with a rate which was least 1n the village at the tghest Jevel (118%)
and gradually increased untid 1t became 4567 among the penerat popula-
o 1 Kashrote, the village at the foot

From these observations McCamson concluded that the mncreasing
intensty of gostre as one came down stream mualt be due to the ebwously
tocreasitig impurity of the water-supply. To prove the posnt he admumistered
to 35 voluateers, and to umself, a twice-dady dunk containing a farge
quantty of the suspended matter filtered from the grossty potinted goitre-
producing water ssuing from Kashrote, the most severely affected Gilgt
wilage Ia about a fortaught 10 of the 36 volunteers, one of them being




156 F. C. KELLY & W. W. SNEDDEN

Assam some 34 000 cases reported for treatment in 1949, The figures are
as follows:

1940 1949
Pungab (Ally 30000 Eed
Punjab (East) — 10 508
Uttar Pradesh . 100 000 44723
Bihar 100 000 —
Bengal (Al) . 30000 —_
Bengal (West) - 8295
Assam . . . 30000 33999
Madras - 81258
Bombay o -~ 926

Considering that only a small proportion of sufferers seck hospital
treatment, the actual number of affected persons must be several tmes
greater than the hosputal returns. The results of some recent goitre surveys
confirm thus belief (see Table XVII).

TABLE XVl PREVALENCE OF GOITRE IN VARIOUS PARTS OF INDIA IN RECENT YEARS

i Prevalence| Number Year
Region of goitre | of persona of Authority
} 3%; surveyed | Survey
Kashmir, Karskoram
Mountains %0 - 1543 Allen-Mersh "™
Uttar Pradesh, Dehra Dun » 554 1915 Ramalingaswami '*
Uttar Pradesh, Bareilly % ’ 133 947 J Lyal 0
East Punjab, Shiwalak |
Hilts, 2 ] sha2 1952 Ramalingaswami *''*
East Punjeb, Shiwalak
Hills a7 1337 1952 Ramalingaswami '
Bihar, Pyrnea District 50 @ vittages) 1952 Ramalingaswaml "**
Bibar, Ranchi District o 163 952 € Thomson (personat
i communicaton,  152)
West Bengal, Darjeeling (14 8204 1953 Sen Gup!
Swarup ¥ |

The annual report of the Public Health Commissioner with the Govern-
ment of India for the year 1945 records a 70, goitre rate among school~
children it Ambala, East Pungab 1% Dunng their 1955 survey of 319 school-
children in Multan Dhstrict, West Pakistan, Murray et al 11 found visible
thyroid enlargement jn 41 3% of boys and 72 3 of girls. The nutritional
appraisal of the ail-Pakistan armed forces conducted in 1956 by French et
al.,1092, 513 gevealed an overall thyroid enfacgement rate of 6.8 % but among
the men examined at Muzaffarabad the rate was no less than 31 %. The
Pathankot-Kangra-Gurdaspur tegion on the frontier between north-west
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imy smell, and above alt by the fact that it remains warm in all seasons
whereas good (Ron-goutroganic) water invariably keeps cool.

{3) Poverty and feulty diet. Others among the many who have observed
goure 10 India powt ta porerty and snsuflficient and ymperfect distary as
the mam conditons 1n which the disease ongmates  Bramiey % noticed
this 1 Nepal and Tibet m 1833; Macnamara ™® refers to st; and o do
McCarnson & Madhava,13 who, 1 discussing the genests of goitre sn
India, attach much importance to faulty and unbalanced diets. C. Thomson
{personal communications, 1951-52) hinks poverty with the goitres scen
villages betow the Rancht plateatt in Bihar where a cheap dietary composed
fargely of sweet potatoes s used extensively instead of cereals Stott &
Gupta 12 correlate the distribution of geutre wn the Padrawna fehsi of
Gorakhpur with the disttibution of bhat and bangar soils. Broadly spealang,
the superend areas are fined to the sandy dhat soils, which yield
food produce of low quality Villages on bangar soil, which yields high
quality food, are generafly goitre-free

{4) fodine deficiency Early chemical investigations by McCarnson
et al ™ provide no evidence that i Himazlayan India the inaidence of
endemme goitre 1s i inverse ratio 1o the sodine content of sail and water
In the heart of the endemuc zone, as well as w the Himalayan foothills,
two places adjacent to one another may have approumately the same
amount of iochne in therr soils yet goutre may be prevalent in one and not
wn the other. Similarly, one locality may have a water supply contaming an
apprectable amount of todine and yet be a focus of endenue gostre, while
another locality may have a water supply contaimng less rodine and yet
be free from endemic gatre  This 1s because the odine level in Himalayan
soils and waters 15 not the del:rmlmng fncxor n goure causation here As
has already been pUrnty 1n water 15 the esseatial
gottrogente agent, although it 15 true that this effect may be muitigated and
controlied in proportion to the quantity of sodine present sn the water.

On the other hand, Murray et at '** find that the chief factor determimng
the accurrence of gortre n the Multan area of West Pakistan is the iodme
content of the local drink ter, Esght rep ive samples used by
goitrous people i this region were compared 1 respect of sodine content
with control samples from Kasur, about 200 miles distant, where goitre 15
unkpown. The eight Multan waters had an average 1odine content of
36 pg per ltre usually assocsated with a high degrec of havdness By
conirast, water from the non-gostre distriet of Kasur had an 1odine content
of 10§ g per htre

Goutre has long been known m the Multan region of West Palustan
Macnamara 11¢ described 1t there 3n 1880; Chaudhrr 2957 noted a rate of 60%,
«a the villages of the Kabirwala tehsil in 1929, and Wilson M3 referred to 1t
1n 1941 1n connesion with her fluorosts mthatagea A d
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McCarrison himself, developed iceable thyroid enlarg i 5 had
transitory swellings and 21 were d Concurrently, 31 other young
men consumed, in the same ¢ the same ded matter
after it had been boved None developed goitre,

These early expertments are mentioned here because they offer the
first expernmental peoof of an assertion ly recurring th h
the gottre 1 of primtive i namely, that excessive
of orgame material in water, whether the actual bacteria themselves or
some toxin produced by them, can exercise a gontrogenic effect and thus
raise the bodily demand for 1odine sn the same way as can the excessive

in drinking-water of an morganic chemical consttuent such

as calcrum,

Confirmation of tius point of view 15 afforded by McCarnison's later
experience mn a hoarding-school at Sanawar, not far from Kasauli in the
outer Himalayas % Here, goitre had persisted for many years and at the
time of McCarnson’s inquiry was affecting no less than 66% of girls over
15 years of age. Investigation showed that the school water-supply—a
spring—was subject to bactertat poltution from human and amimal excreta.
A new and clean supply was wntroduced; within a few years goitre had
enurely disappeared from the school

In thes connexron one recatls the modern thesis of Hettche, @ who

tudes from s epid i { and fogical study of goitre as
revealed 1n one hundred years of research, that the disease is caused by
an injurious substance of the urochrome group occurrng in contaminated
water-supplies. The togic agent is said ta bind copper m the serum and can
be used to produce goitre expenmentally in animals, but the production
of goitre may be prevented by simuMancous admunstration of jodine.
McCarrison also faund that goitres developing spontancousty in well-led
experimental animals confined in dirty cages could be prevented by
increasing the consumption of 10dine proportionately 1o the unhygeme
conditions under which the animals were hiving.

(2) Lime-rich waters and sols  The frequent assomation of goitre With
Timestone rocks and with dnnking-water rich in hme has been noted from
carhest times. McClefland's M4 extensive medico-topographical studies 1
places as far apart as Bengal and the North-West Provinces led him to the
conclusion, published 1n 1835, that magnesian humestone formations were
primanly responsible for the propagation of gostre in fndia. There 15 Iittie
new under the sun, for, one hundred years later, Stott and his colleagues nm
advanced very much the same view and pointed to a direct correspondence
between the distribation of goire m the Umted Provinces and anoking-
waters and soils of high calclum content Moreover, many villagers
this area know that it is a * chuna * water containing a large excess of time
and coming from lmestone rocks that is the P:cuhar cause of goire.
They it by its hard heavy y, astringemt tasie,
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tive need to begin fighung endemue goutre at once, but abo because it is
not easy to persuade people in the endemic areas, who have been accus»

tomed to ¢rude crystalline salt for centuries, to chanpe acar = P10 vy
refined saht.

T At .
opeL o o sasapiy o lndm wdization
of st 1e e prbierred Expcnmcms hmc a)rmdu tans t
by € Thomsos\ fpersonal coranss= . H
lectens

. ;
t o
foruned a . - iidne
kot-Kang . e unjab 958 Results are awsited

with mteru, nnutst

Ceylon

Pendant on the Indwn subeonunent hangs the pearsshaped nland of
Ceylon, approvumately the size of Holland and Belgm combined, and
wnhabited by about seven miliion people. The south-west-central atep,
where pepulation density 1 preatest, Is mopatamodus, wet, and gourovs,
the rest of the country o the east and nosth 1s flat, dry, and comparagvely
gottrefree. Heavy sainfall and high temperatures i (Im south-uest remng
where goure chiefly occurs have led to intencs - - . 3}
legchung of the ancrent ~~ * . [
gving cise to latery - o« w aegree of teaching
Waters thspughout L are solt, and those from the highly feached
goHrous areas n the south-west have 3 low sodine content. These are the
essentals

Greenwald,*® 132 who has probed mnte the astory of gottre 1 many
countnes, finds only three ongmal mentsons of the disease 1n Ceylon prior
1o Wilson's 7132 184 guevey of 1950, one 1 1843, one in 1849 and one wm
1894, these alf refate merely (o occasional occurrences in the Galle district of
the exteeme south-west From ttus he concludes that gottre was not com-
mon 1n Ceylon until quste fecent imes

In the course of nutriton sunveys carrzed out by workers of the Medjea)
Research {osttute at Colombo dunng the years 194749 1t was reporsed
that goitre was endemic i cestam rutat parts of the wstand. Rarly i 1950,
Wilson 1%, 113 wag asked by the World Health Organization on behalf of
thie Ceylon Government to ascertain whether the amount of goitre reported
111 these surveys copstituted & senious public health menace  She exammed
722 Ceyloness etuldren and adolescents—347 boys and 485 girls—atiending
rural schools wn ten differant parts of the 1sland, si< w the wet regron of the

south-west and four int the dry region of the aorth  The results are shown
in Table XVt

-
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to recent reports *¥® medical observers are convinced that goitre has greatly
mncreased 1n the Multan area and 1n West Pakistan generally since 1947
when, owing to the partition of Pakistan and India, upusual movements
of populations have taken place and additional water-pumps have had to
be nstalled on old sites to cope with the increased requirements. Apparently
the new water-supplies do not always have an adequate iodine content.
Animal goitre in India

Bramley 3% records that during his sojourn in Nepal, where goitre is
notorious among men, women and children of all ages, 1t was by no means
uncommon to find antmals such as the bufTalo, goat, sheep, and dog simlarly
affected. On one occasion he saw a goat bring forth a kid with a goitre as
large as wts head  Animal gontre 15 also specifically mentioned as occurnng
among dogs, cats and birds in the super-endemuc areas of Gonda and
Gorakhpur i Uttar Pradesh  A. K Mitra (personal communicaton, 1948)
gives an anteresting account of goitre among calves 1n the Subsagar district
of Assam, an area where human goitre also prevails. Thyroid glands from
goats and sheep slaughtered at Bareilly, a distnict of human gotre, were
examined (1959) by Dutt & Kehar.'%® About 10% of the goats were
gottrous, but no thyroid enlargement was seen among the sheep

McCarrison,® on the other hand, rarely came across goitre in animals.
In the course of ten years’ residence in the Chitral and Gulgit districts he
saw only two cases 1n dogs, one (n a horse, and one in a goat. ‘Altogether
McCarrison examuned 116 mules, 101 dogs, 150 cows, 100 sheep and goats
and 101 ponies belonging to the willagers of Gilgit, but did not encounter
a single case among these 568 ammals. No history of goitre 1n domestic
anmmals was obtamed by Murray et al 1118 during their survey in the Multan
region of West Pakistan,

Preventive measures

Despite the ctiological complexity of the Indian goitre endemtc 1t 15
not denied, even by those who show that the cause of goitre in India 18
1mpure water or excessive calctum intake rather than a primary mdm;
deficiency, that the eastest and cheapest way of preventing the disease is
to provide the necessary supplementary requirement of todine in 1odized
salt. Here, as Ramalingaswami pomts out, Indm is confronted with a
difficult problem.

Except for a small quantity of rock salt mined at Mandi m Himachal
Pradesh, the bulk of the salt produced in India is a coarse crystalime pro-
duct obtained by solar evaporation of brine About three-quarters of this
is made up of sea salt and the remainder 1s obtamned from inland salt lakes
Efforts are bemng made by the Salt Expert Committee of the qu'emment
of Indra to improve permanently the quality of Indian salt, but in the mean-
time ways are being explored of iodizing the currently used crude salt
as uniformly as posstble This is important not only becanse of the impera-~
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to subsist on restricted dietarics iradequate in protein and supplemented
with Jocal vegetable foods not largely consumed n normal times. Wilson
conceives it possible 1% that insufficient intake of the right kind of protein,
and an increased intake of anti-thyrotd mater:al ingested from the unusual
foods consumed during the war might be sufficient to interfere with iodine
metabolism and hormone synthesis and so cause thyroid enlargement.
There 1s, however, no proof of this

As a goitre-preventive measure, potassium 1odide tablets were distributed
1n some areas as a result of Wilson's survey and recommendattons, but there
1s httle sign that the preventive programme continues to be pursued with
vigour and determination,

Burma

Goitre 1s prevalent 1n the mountainous parts of Burma, particularly
throughout the Chin Hills 1n the west of the country, the Kachin Hills i the
north, and the Shan States on the east The western and northern gontre
areas are contiguous with the endemics covenng the Lushai and Naga
Hulls of eastern Assam

Statistics gathered by Raymond 1% from groups of villages 1t the Chin
country show that the disease 15 commoner among children than among
adults, but the adult goitres are much larger and frequently give f1se to
serious pressure symptoms Incidence 1s higher 1n females than in males
and 1s always greatest at puberty and pregnancy. Water-supphes are
singulatly pure and free from faecal contamnation, and therefore are not

d, but dietary d of vitamin A 15 notorjous, and Raymond
regards this as the most important single goitrogenic factor operating among
the Chin Hulls people

On the north and east, where Burma abuts on Chtna, goitre rates are
exceedingly high i the Myitkyna area, also around Bhamo, Namkham
and Shwegu 1n the Northern Shan States, and on the Burma-China road in
the neighbourhood of Lashio and eastwards towards the Salween river.12®
Secluded valleys 1n the Shan States are particularly affected, according to
Robertson,1204 13206 and the disease seems often to be confined to cerfain tribes
Seag; a7 that 1n the 1 hulls of the Namkham area at
least half the population suffer from goitre

An exceptionally large number of cretins and deaf-mutes are seen in the
Burmese gortre areas 1% 1% Among the Kachins who inhabit the valleys
and steep hill-sides along the north and north-east frontiers the enormous
rate of 10 per 1000 15 recorded by Stott et a132? The Kactun people drink.
water from hill streams mmpregnated with Iime and customanly eat large
quantities of lime 1 powdered form  Stott and his colleagues believe that
this peculiar habit 1s 1n large measure responsible for causing gotre among
these northern Burmese peoples
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TABLE XVill PREVALENCE OF GOITRE AMONG CEYLONESE CHILDREN
AND ACOLESCENTS IN TEN DIFFERENT PARTS GF CEYLON

! Boys Gins Jodine

( Situntion of vilages T T e content

! number \percerttage | number | percentage] ol water
| examined with gortre {(va per hire}

; with goitre | examined
Wet ragion {
t On coastal stp. intand | 20 150 0 30 22
2 On sen coast s 1 180 so { w0 53
3 On coastal $trip, inland - ( - 50 e —-
4 On toothills, Intand 45 { 133 % 31 ~
5 On hils, inland i s | 6o 59 560 27
; € A15000 feet, nfand toow , 1" = | 400 14
— i .
| Total . l 192 1 125 I 255 j 315
| Selme S e ) e
1 Onrvegion
} 7 On ses coast - - 50 [ ~
| 8 Oncaastal tagean 50 it o | 87 -~
| ® OnJamna peninsuia 50 Ny 50 120 56
| 10 On plateay, Inlang ) 25 Nt 19 53 a1a
|
Total . } 125 { LT j 149 ! 80 {

1n general, prevalence 1s ghest 1n the section of the country where ram-
fall 15 highest This covers the Central, Western and Sabaragamuwa
Provinces, which include the coastal stnip between Colombo and Gaife
The drier eastern and northern provinces of the island are not serjausly
affected, although a rate of 129, was found by Wilson among gurls in a schoot
on the faffna peninsufa 1 the extreme north,

As 1s usual, gurls and women of child-bearing age are the chuef victims
Among boys incidence 15 only moderate and few goitres are seen 1 men.
Toxic symptoms are rare m Ceylon and no cases of cretmism or deal
mutism are recorded. Animal goitre 15 aiso unknawn

Drninking-waters are generally soft and therefore the hard-water factor
cannot be wmernmnated; but some waters, notably in the coastal villages
numbered { and 2 m Table XVIII gave evidence of faecal and bacterial
contammation which conld decrease the amount of avaitable rodine. It is
evident thay waters fTom the wet goitrous regions are much less rich in
1odine than those from the dry non-gostrous focahties

Adverse economic circumstatices and shortage of rice owing to imported
supphies from Burma having been cut off during the 193945 war fhave i
recent years obliged many Ceylonese communities, particularly in the south,
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prabang mte the Yunnan Province of China; (2) the upland area of North
Viet Nam (formerly Tonkmg) lying to the north of Tuyenquang, and
(3) the Mekong delta of South Viet Nam (formerly Cochin-Chuna) with
Cantho as nis centre  Apparently goitse does not occur—or only sparingly—
1 the great Angam mountam cham curving i 2 haffcircle through Viet
Nam from Kamkeut i the north to Smgon wn the sonth  Lower and middle
Laos, and the plans of Cambodia (with the exception of Cochin-China
1 the very south), ate gostre-free. It may also be mentioned here that
goutre 55 known to occor 10 the Kingdom of Thavland on the west of Indo-
Chuna, for the most part & low-lymyg countey: P (no recent unpublished
are those of Ramaling B3 ang Kierks. 12
The authority oa the first of these Indo-Chunese goitre areas 1s Jean-
selme 192 whe, when journeying up the Mehong mver from the south, first
saw “peang ” (the pame by which goitre 15 known among the people of
northern Laos} in the country beyond Vientizne  As he peneirated further
into this calcareous mountain region, Jeanselme observed that the disease
‘became more and more P d At L a sszeable town
situated on the confluence of the Mekong and sts 1nbutary the Nam Khan,
he saw some enormous tumonrs, mostly among women
Somewhat to the east, goure 15 prevalent along the Tranmmnh river and
m the region between Bortkan and Xiengkhouang where about half the
population 1 affected  North of Luangprabang, up the rniver Nam Hu, the
disease s of common octusrence on both banks as far as the willage of
Moungngo:, but beyond this point in the direction of Laichau along the
valley of the Nam Ngous, 2 tributary of the Nam Hu, prevalence appears to
dimimish, and m the npanan wiflages of the Black River (Song Bo), on
which Lawhau s sttuated, gostres are neither frequent nor volummous,
even among women
The second gostre region tnt Inde-China lies across the Red Ruver (Song
Kor) to the north-east of the first i the northern past of Tonking {upper
North Viet Nam) It comprises the area between Tuyenquang and Kao-
Tang, mcluding Chem Hoaz Chow and the steep escarpments and gorges
through which the Song Gam and the niver Clawe flow south to join the
Red River near Tuyenquang 1S northern edge touches the Chinese Provinee
of Kwangst
Vanous waters have called attention 1o gottre 1 thus sechion of Indo-
China—notably, Clavel m 1890 (Tuyenguang), Sadow} in 1890 fuppes
Black Raver), Billet 2 1 1896 (Upper Kaobang), Jeanselme ¥4 1n 1910,
Le Roy des Barres 1a 1923, Clostre ¥ xn 1930, and Tran Kiem Phann 1937
(see Leuret *%)  Galy the northern fully pares of the area beyond Tuyen-
quang are affected; goitre does not exist on the low-lying swampy delta
around Hanot where e 15 grows  Ji med 377 pri
{283 men and 94 women) from delsa provinces and did not find & single case
Upstream on the Red Ruver, however, from Ta Than as far as Man Hao
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Thailand

Gaitre is prevalent i the nornth and north-east of Thailand, Towards
the end of November 1955 and continming throuph January 1956, Ramatin-
gaswami '3 surveyed the region and found overall rates of 58 in the
northern Provinces of Chiengmat and Chiengray, a high percentage of the
gostres being pathological, By contrast, the north-castern Provinces of
Ubol and Udorn showed fewer cases {21 % and 15% respectively), the vast
majorsty being midd. As the disease 15 so highly endemic in Chiengmai and
Cluengrat, Ramat ded the insti of a control
programme with 1odized salt and the collection of additional survey data
in the northern Provinces

Klerks ¥ who was assigned to thus programme during the twp years
1957-1958 assessed the situation m boys and grls of 7 to 12 years of age as
shown mn Table XIX

TABLE XIX PREVALENCE OF GOITRE AMONG BOYS AND GIRLS iN THAILAND

T oy Boye { Girs
Province ! n}x;\nen i percemage i rnurmber percentage
t ecaoined | withgodie | examined } With gaitre
f i 3
i Chigngma f’ RMES ! 197 | 945 215
[ Uttaradit ' 200 { 03 297 s09
| P ﬁ 269 o a5t “r
Lempang 200 H %0 218 463
Chiengrat ’ o } a3 st3 ; 548
Totaf ‘ 255 [ 23 } 216 i 08

The fact that there 15 no governmental sait monopoly in Thadand 15 the
greatest obstacle to a programme of salt-iodizati Even provinciatly, or
10 limited local areas, such a measure would at present be difficult to contral
because of the Jarge number of individual retslers who draw their supphes
from all sorts of different sources. Morcover, some communities do not
pse much salt but rely for seasoning on fish sauce, not a suitable medium
mito which to mtroduce jodide or jodate  Every endeavour 15 being made to

this problem; one is that in the goitre areas jodate
mght be 2 d i the ized premix already being added to
polished rice used in beriben areas (Van Eekelen 1),

Indo-Chins (Cambodia, Laos and Viet Nam)
Reports of goitre come from three parts of indo-China: (1} the moun-
tainous segion extending northwards from Vientiane through Luang-
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14 years of age and found 48 with visible thyroid enlargement. Three other
districts in Upper Perak—the kamp of Ulu Kend Klian Malau,
and Ulu Jepai—also show high rates, especially among women.

Goitre 1s extremely common in the central states of the country—notably,
in and around Kuala Betis and along the Nenggin river in Kelantan; i
the basins of the nvers Aring, Treng, and Tembel mn T
and especially in the Ulu Jelai area of Pahang extending from the Cameron
Highlands south-eastwards across the Telom Jelai-Kechil watershed as far
as Kuala Lipis Goutres among trout introduced into mountain streams
in the Cameron Highlands have been reported by Le Mare, !¢t who also
mentions the prevalence of the disease ameng the human populatton 1n that
locality

Other goitre centres 1n Malaya are found along the western slopes of
the main mountain chain—for example, at Ulu Luit and Ulu Langat in
Sel. and at Ule n Negn it Inthe k situated
near Alor Gajah some 10 to 20 mules from the Malaccan coast prevalence
is much less than 1n central Malaya, and on the extreme south coast of
Johore and in gottre is practicall istent.

Polumn’s data are summarized 1n Table XX 1In a total of 1328 people
—618 Malays and 710 aborigtnes—dwelling in the mland parts of Pahang
and Upper Perak, and on the western slopes of the central mountain chain,
the goitre rate was 39.59% for the Malays and 40 8% for the aborignes.
The disease 1s not confined to any particular geological formation, indeed,
the only goitre-free area is one where limestone predominates

Malayan waters are usually soft and their 10dine content is exceedingly
low. Seven samples drawn from nvers draiming mland areas where goitre
mcidence is high gave values from 0 2 ug to 0 6 ug of 10dine per htre Iodine
deficiency is therefore considered to be the pnmary cause of goitre
Malaya, calcium excess does not enter mto the problem.

Indogesia

Centres of endemic goitre are found throughout the whole length of
the Indonesian archupelago, from Sumatra 1n the west to Timor 1n the east,
The following summary of affected localities 15 compiled from the papers
of Pfister,1%-118 Donath,% van Bommel, ¥ Ferland,s1-1133 Eerland,
Noosten & Vos,'13* Noosten,11* Elsbach,15% van Gulik,15? Simons, %7 and
others (see bibliography)

Sumatra

The northern and central volcanic regions mhabited by the Batak
people, including the high plains of Groot-Ateh; the plateau of Gajo-
Loeos; the Lokdp valley, the Alas valley, the east coastal plains of Bindjai
and Deh i the dusun of Upper Langkat; the Siantar Uluan country; the
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goitre is enderme on both banks 1t is here that the upper Viet Nam endemic
passes from Indo-China into Yunnan (see page 176).

The third, less well recognized, zone of goitre m Indo-China is the Bassac
stip of Cochin-China n the extreme south which has recently been stig-
matized as gostrous for the first ime by Leuret}% 1t consists of the seven
Trans-Bassac Provinces—Hatien and Rachg on the Guif of Sam,
Chaudoc, Longxuyen, Cantho and Soctrang afong the Sassac, and Baciien
on the shores of the Cluna Sea—and the two Cis-Bassac Provinces of
Sadee and Vinhlongh

Thys vast region 15 entirely affuvial, semi-liqnd, semi-solid, traversed by
thousands of canals and small channels Hot and humid, 1t hes practically
at sea level with no irregutarities other than the low dykes and road bridges
of the rice fields. Springs and wells are unknown, drnhing-water is provided
by the ramns of the winter and summer monsoon seasons, and by the canals
at all seasons  No systematic goitre survey has been carned out in the ares,
but Leuret 49 considers it sigmficant that he was eafled vpon to operate on
29 gonres m a continuous pertod of 22 months, especially in a region where
the people do not charactensticaily appeal to western medicine until they
have exhausted the of the h-doctor M , even whent
patients must eventually have recourse to the modern medical and surmeal
clinics of the west, they display a maximum of resistance in regard to surgery.
This 15 more particularly true of gotre, which 1s regarded at most as a dis-
figurement to be borne without complamt. Under these cireumstances,
29 goutres operated upon by one surgeon within 22 months in a segion not
ordinanty deserving the appeltation “ endemuic ™ must denote a relatively
high general mcidence. Confirmation of this belief was forthcomng from
Leuret's second series of surgical cases in which there were 12 goitres out of
93 operations of all kinds

Malaya

Polunia M8 has gathered together all the available information on goitre
in Malaya and has tumsell considerably added to t  His maps are models
of what gowre maps shounld be. Visible thyrord glands are common 5o most
of the undeveloped mountainous infand areas, the over-all rate being abaut
40%,. By companson, the rate among commumties near the sea 1s only
between 1% and 29,

Tn the northern third of the country. the areas chuefly affected are the huls
and valleys of Kedah and Upper Perak A health survey of the State of
Kedah n 1935-36 revealed 131 cases of gostre 1n the distncts of Sok and
Jenert On the banks of the Chapar, a tributary of the Sok niver, there were
two kampongs (Banggol Batu and Banggot Berangan) where alf the mhabi-

the
ver
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14 years of age and found 48 with visible thyroid enlargement Three other
districts in Upper Perak—the kampongs of Ulu Kendrong, Klian Malau,
and Ulu Jepai—also show high rates, especially among women.

Goitre 1s extremely common 1n the central states of the country—notably,
in and around Kuala Betis and along the Nenggiri river 1n Kelantan; in
the basins of the rivers Anng, T and Tembeling tn T
and especiatly in the Ulu Jelar area of Pahang extending from the Cameron
Highlands south-eastwards across the Telom Jelai-Kechil watershed as far
as Kuala Lipis Goutres among trout introduced into mountatn streams
1 the Cameron Highlands have been reported by Le Mare, ™™ who also
mentions the prevalence of the disease among the human population mn that
locality

Other goitre centres 1n Malaya are found along the western slopes of
the main mountain chain—for example, at Ulu Lwit and Ulu Langat in

and at Ulu 1n Negnt Sembul. In the kamp situated
near Alor Gajah some 10 to 20 miles from the Malaccan coast prevalence
1s much less than 1n central Malaya, and on the extreme south coast of
Johore and pore goire is icall tent

Polumin’s data are summarized 1n Table XX In a total of 1328 people
—618 Malays and 710 abonigines—dwelling in the inland parts of Pahang
and Upper Perak, and on the western slopes of the central mountain chain,
the goitre rate was 39 5% for the Malays and 40 8% for the abongines
The disease 1s not confined to any particular geological formation; indeed,
the only goitre-free area 1s one where hmestone predominates.

Malayan waters are usually soft and their 10dine content is exceedingly
low Seven samples drawn from rivers draming snland areas where goitre
mcndence 1s high gave values from 0 2 pg 10 0 6 pg of iodine per litre. Todine

1s therefore dered to be the primary cause of goire in
Malaya; calcizm excess does not enter into the problem,

Indonesia

Centres of endemic goitre are found throughout the whole length of
the Indonesian archipelago, from Sumatra in the west to Timor 1n the east.
The following summary of affected locahties 1s compiled from the papers
of Pfister,1160-118 Donath,”** van Bommel,#’ Eerland, 151153 Eerland,
Noosten & Vos,"5* Noosten,1 Elsbach,”'% van Gulik,"5? Simons,!1%7 and
others (see bibliography)

Sumatra

The northern and central volcaruc regions wnhabited by the Batak
people, including the high plains of Groot- -Atieh; the plateau of Gajo-
Loeos; the Lokop valley, the Alas valley; the east coastal plams of Bindjat
and Del in the dusun of Upper Langkat; the Siantar Uluan country; the
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TABLE XX PREVALENCE OF GOITRE IN RELATION TO GEOLOGICAL FORMATION 1N MALAYA

7 \ 1 Number of people Percentage
Locahly and race Geology exsmined with goitre
: | mates [fematesl 10181 | moles [females] tota
. T T
{  Pahang, Uty Jefat g I
Abongines sranste fo1es s fas | om e | ow
Malays Timestone P20 | te0 | a0 | = [
Upper Pacak |
h
1 Abengines } quarte porptyry, ’ 87 b 163 L] 4 23
| Malays | tmestonegranite | g | oyl jes [ | om | ow
| Western stopes of main !
{ mountsin chan * I
. i !
. Aboripines quarte oomhyry "7 84 201 kal 55 35
| Matays ; and grante boso} s | oo { 38| | @«
; !
i
Yotal ; ‘} 22 1 606 lls?& t 2 { i o
— i . i
| Coastal regians of Johore ] ; | i
| Abarigines } | atuviumon s m | ow 20 Nf 1
Malays & pranite i1 | 230 1 175 25 08
. - i
| i v
! Totat } ‘ w | w ) 18 nn( T ERE]
i
1 Alor Gajan distict, Negnt |
) Sembilan i
|
| - bmestone l]_ ) a2 3 " 12

* From Kuala Chenka in Perak theough Sefangar and Negrs Sembilan to Lenek in Johore

mountain region of Sinaboeng and Stbajak; the whole area around Lake
Toba, mcluding the insula of Samosir, Mandaling: the slapes of
Mount Ophtr, the country surrounding Lake Koto as far as Padang-
Pandyang on the west, and Solok and Padang on the south. At the sovthern
end of Sumatra, gomre 15 prevalent along the Barsan mountains, parucu-
farly in the sub-department of Lebong in the area of the river Ketuan; alse
at Maeara-Aman and Benkoelan, and in the vafleys of the nvers Batang
Han and Komering

As far back as 1883, Marsden ¥ wrote in hus history of Sumatra that
“ the nattves of the hills through the whole extent of the island, are subject
to those monstrous wens from the throat, which have been observed of

the ™V T ° 4aba Shabmas o avher mountainous districts in Europe ™
Tod . . high, amounting in some places to
mor in men Cretinism and deaf-mutssm

are common.
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Particularly goitrous are the ibl tracts pied by
the Batak peoples in the north—Gajo-Loeds (Atjeh), the Alas valley, and
all the country surrounding Lake Toba southwards to Padang and Solok
The whole region has a volcanic geology and parts of it are almost entirely
covered with vast layers of light tuffaceous rocks and soils. According to
Elsbach 115 the population of the Gajo-Loeds kive in a perpetual state of
iodine deficiency. Drinking-waters contain only between 0.6 pg and 2.8 pg
of 1odine per litre, and Alasland agrnicultural soils analysed by von Fellen-
berg for van Bommel 17 showed an fodine content no higher than the
lowest values recorded for soils from European goitrous areas

Java

The chief endemic foct 1n Java are the Restdency of Kedoe; the Dieng
plateau; the willages around Wonosobo, Garoeng and Magelang; the
Tengger mountatns; and, above all, Kedin, a drstret 1n the centre of the
country th-west of Soerat d d by the two volcanoes Wilis
and Keloet South-east of the Rcsndency of Kedin, near Blitar, 15 Pena-
taran, where goitre 1s said to be endemic; the disease also occurs in the
remote himestone wilderness of Lodojo, and 1n a narrow strip to the south
of the Brantas river

The prevalence of * gondok ™, as goitre 1s called 1n Java, 1s normally
about 60%, among schoolchildren 1n Kedir, but may often be 80%, and
i some villages has been known to reach even 1009, Eerland,'? who
has studied this area closely, recorded 126 cretins, a much larger number
of cretinoids, and nearly 2000 deaf-mutes. He says that the normal thyroid
gland of Javanese peoples living 1n non-goitrous areas 1s smaller than that
of the Europ and ges 119 g The Illed “ normal ” gland i
the goitrous Kedint district has an average weight of 52 g in males and 57 g
mfemales In a random sample of 249 goitrous subjects from Kedin, 67 had
goitres weighing over 500 g (1 1b) The two largest weighed respectively
2850 and 2930 g, or between 6 and 6 5 Ib. Toxic gotre is rare 1n Java.

Superstitions regarding the cause of goitre include belief 1n * goitre
mmages ”  Near Penataran close to the source of the Soemberdandang
stands a Hindu goitre image with the head of an elephant. People believe
that at certain times this imape pours water from its trunk into the nearby
wells and streams, and that anyone drmking this water will inevitably
contract goitre.

Bali

Expert studies of ancient Javanese medical texts written on copper and
on lontar leaf indicate that goitre has afflicted the 1sland of Balt for perhaps
ten centunies  With certainty the disease has been known there for a hundred

years, 1t 1s mentioned by almost every writer on goitre 1n the Dutch East
Indies since 1856
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The plateau of Tjatoer m the north-east section of the island is the
major seat of the endemic. Anyone who has witnessed marhet-day at
Kintamant whea peaple come together from the whole plateau will be
convineed of this at a glance, Moreover the area provides another striking
example of the extraordinary selectivity of the goitre noxa At the end
of a path leadmng off the mamn road between Swigaradja and Kintamani fie
two villages—Lampoe and Tsatoer—quite different in character although
only a few hundred yards apart Lampoe is the home of about 100 Chinese
traders, established there for three generations and much intermingled by
marnage with the native Balinese Food 1s varied. water 1s botled before
use, there 1s not a single case of goitre  Tjatoer, on the other hand, contains
some 700 pure Bahnese belonging exclustvely to the Bali Aga race, the ot
ginal snhabitants of the island  These people lead quite different lives from
their Chinese neighb Poverty-stricken, hed, and
commercially undeveloped, they subsist on a monotonous dict of maize
and nice; water 15 drunk vnboiled from a gosrogenic spring cursed by
Dewa Belanga (see below) Gotre is very prevalent 1 Tjatoes.

Noosten,!' 1o whose exhaustive description of goitre in Bali we are
indebred for the foregoing, also gives an intensely interesting account of
the tradiional behefs concerning the inflichon of thyroid discase by the
goitre goddesses Dewa Ajoc Nengkala and Dewa Belanga, and of the

fengthy and involived festivals (sf ) celeb 4, often at great cost,
to placate these ill-disposed detties and exorcize their evil spints  Noosten
also detads some of the pl d \ ions prescribed as

remedies for goure m Bah, and gves esamples of the secree incantations,
or mantras, rected when these medicines are adminstered  He lustrates,
too, some of the magic figures and devices scratched or engraved on the
cooking vessels in which the recipes are prepared These prumtive signs
are supposed to enhance the magic power of the drug

From all his patient collection of facts and folklore about goitre 1
Bal, Noosten concludes that preoccupation with the disease, and 1n fact
the whole goitre concept, is deeply rooted in the Bahinese people No
better evidence of this can be found than in the words uttered when a
Balinese wishes emphatically to protest hus snnocence: * Apang gondong
tiang tgesing nawang *, which means “ May I get gontre if 1 know anything
about 1t”

Celebes and Timor

Gortre accurs at Madjene and at Maros on the west coast of Ce[:bfs
{Donath % and Noosten ). Two other centres are marked on Noosten's
map of this oddly shaped island, one almost at the tip of the northern arm
1 the neighbourhoed of K b and the other near Masamba in

centra) Celebes due north of the Gulf of Bone.
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1n Portuguese Timor, goitre 1s known throughout the north-east section
of the istand between Manatuto on the north coast and Kailaco on the
south (Noosten 11%)  Most modern statistics from this region are those of
Fraga de Azevedo, Franco Gandara & Pedroso Ferreira 15 whose survey
(1958) revealed an average rate of 10% 1n the two upland localities of
Laclubar and Fato-Berlio. The fundamental cause of goitre 1n this area
appears to be lack of sufficient 10dine in the water supply, coupled with a
diet predominantly carbohydrate and low in fat and protein.

Indonesian Borneo

In central and south-eastern Borneo goitre 1s reported 1% to occur at
the following places (1) along the Melawn valley, in the neighbourhood
of Sekajam, and 1n the Sipoeak nver area, (2) on the Apo-Kajan plateau
and in the Kotet or Mahakam niver basin to the north-centre of the country;
(3) on the banks of the Banto nver, and at Meratoes and Martapoera 1n
the south-east of the country. Details of incidence and other features of
the endemic 1n central Borneo are lacking.

Goutre prophylaxis mn Indonesia

Preventive measures were first mtroduced n 1927, when rodized salt
(1:200000) was distributed throughout the Dieng plateau and Tengger
area of Java. By 1930 prophylaxis had been extended to the Gajo and
Alas regions of Sumatra, and 1n 1933 the Kedint Restdency of Java followed
suit 1159, 1159, 1168 Writing 1n 1939, Simons % pronounces the step justified by
the favourable results and makes a plea for its extension He affirms that
10d1zed salt 1s completely harmless

At the time these preventive measures were mtroduced, salt was manu-
factured under monopoly and 1n block form only at the salt works on the
1sland of Madoera off the north-east of Java The method of 10dization 1s
unique In view of the high temperature to which the salt 1s exposed in the
brck-making machine, 1t 15 essential to avoid incorporating 1odine 1 the
salt before 1t passes into the machine, otherwise 10dine will be lost n

A mmmee T

per mi, 1s poured from a small spoon 1nto a hollow on the top of each
brick, and by capillary action spreads evenly throughout the entire brick
In this way 33 mg of 10dide are absorbed by each 600-g brick, giving an
1odization level of 1 1n 200 000 (Donath 1150)

Around the year 1939 or 1940, the level of 10dization was ratsed from
11n 200 000 to 1 1n 100 000, and experiments were made by Van Veen 1169
(also personal commumication, 1950) 1n the goitrous Kintamans plateau
of Bal to sce whether the crude sea salt used by the Balinese population
could be 1odized 1n granulated nstead of brick form without loss of the
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The plateau of Tjatoer 1 the north-east section of the island is the
major seat of the endemic Anyone who has witnessed market-day at
Kintamant when people come together from the whole plateau will be
convinced of this at a glance. Morcover the area provides another striking
example of the extraordinary selectvity of the goutre noxa. At the end
of a path leading off the main road between Singaradja and Kintaman fie
two villages—Lampoe and Tjatoer—quite different n character although
only a few hundred yards apart Lampoe 1s the home of about 100 Chnese
traders, estabhished there for three generations and much intermingled by
marrtage with the nattve Balinese Food 1s vaned; water 1s boiled before
use, there 1s not a single case of gottre  Tjatoer, on the other hand, contains
some 700 pure Balinese belonging exclusively 1o the Balt Aga race, the on-
gmal mhabitants of the ssiand. These people Jead quite different hives from
thetr immugrant Chinese neighbours  Poserty-stricken, unwashed, and
commercrally undeveloped, they subsist on a monotonous diet of maize
and nice; watcr 1s drunk unboiled from a goitrogenic spring cursed by
Dewa Belanga (sce below) Gortre 1s very prevalent in Tjatoer.

Noosten,t 10 whose exhaustive description of gortre in Bali we are
1ndebted for the foregoing, also gives an intensely interesting account of
the tradiional beliefs concerming the nficyon of thyroid disease by the
goitre goddesses Dewa Ajoc Bengkala and Dewa Belanga, and of the
lengthy and imvolved festivals (slametans) celebrated, often at great cost,
to placate these 1ll-disposed detties and exorcize thetr ewil spirits, Noosten
also detanls some of the plex med 1 prescrtbed as
remedies for goitre in Bali, and gives examples of the secret mcantations,
or mantras, recited when these medicines are admrnistered. He illustrates,
too, some of the magic figures and devices scratched or engraved on the
cooking vessels 1n which the recipes are prepared. These pnmutive signs
are supposed to enhance the magic power of the drug

From all his patient collectton of facts and folklore about gostre i
Bali, N 1 that p I with the disease, and 1n fact
the whole gortre concept, 1s deeply rooted it the Baltese people No
better evidence of this can be found than in the words uttered when a
Balinese wishes emphatically to protest his innocence: “ Apong gondong
tiang toesing nawang ", which means “ May I get goitre if I know anytiing
about 1t ™,

Celebes and Tvmor

Goitre occurs at Madjene and at Maros on the west coast of Celebes
(Donath "% and Noosten ") Two other centres are marked on Noosten’s
map of this oddly shaped island, one almost at the tip of the northern arm
in the neighbourhood of K ) and the other near Masamba in
central Celebes due north of the Gulf of Bone,




PREVALENCE AND GEOGRAPHICAL DISTRIBUTION 17

expressionless faces, noses with widely patent nostnils and depressed bridges
thick lips, exaggerated bossing of the shull, and various degrees of menta
retardation. Many of the good-natured dwarfs show a specious gigghing
brightness; not a few are deaf or dumb, or both. The worst cases, sub
human in appearance, are seldom scen, as they are hidden in the jungl
at the approach of strangers.

Some half-hearted attempts have been made to supply the native:
with 1odized salt in certain areas of the interior by means of air-drops ol
by overland routes  In Heim's experi {personal 1953
the natives would readily take to iodized salt and 1n some instances hav
themselves requested the Government to arrange for its purchase.

Sarawak

T. Harnsson (personal communication to I. Polunin ¢ 1951) whe
has made a special study of goitre in Sarawak, states that the disease i
common in certain infand areas, sometimes to a serious extent, wherea
other inland areas not far distant are completely non-gortrous, This im
mutity applies particularly to the Kelabit country, which covers the uppe
Baram niver district in the interior of the 4th and 5th Divisions of Sarawalk
Here the people are goitre-frec because they use an 1odine-rich salt denve
from local salt spnings, of which there are about twenty or thirty i th
neighbourhood By contrast, in the areas of the interior where goitre occurs
Kelabit salt 1s unobtamable and people rely solely on imported salt

Samples of Kelabit salt have been chemically examined by B. W. Simp
son (personal commumeation to 1. Polunin ™ 1951), who found an 10din
content of 10.5 mg per kg (1¢, 1 1n 95240), and later by M. M. Murra
(personal communication, 1955) who found 65 2 mg per kg (i e., 1 1n 15 330)
Even the Jower of these levels would be quite sufficient to prevent goitr
in a commumty regularly using this sait.

W G Evans (personal communicavion, 1955) writes that some of thes
protective salt springs 1n the Kelabit country are no more than a wet seepag
out of the ground; the local people, having first prepared the ground, inser
a hollow tree-trunk deep into the origins of the water to make what 1s i
cffect a narrow well  The saline water is then siphoned out and subjecte
to a lengthy evaporation process by vigorous boiling over a wood fire. Th
salt thus produced 1s a very valuable commodity 1n the Kelabit outland
and although it 15 not possible to place a monetary value on 1t becaus
cashisso Iittle used in these parts, it can be smd that a few ounces are sufficier
payment for a hard day’s work,

The natives fully appreciate that their freedom from goitre is due t
their use of this salt, and for this reason Kelabt salt is not only esteeme

for its protecuve virtues but also has a reputation as a curative for existin
goitre,



172 F C KELLY & W W SNEDDEN

added sodine It was proved that if the loose salt were stored dry in bamboo
t s near the fire ding to Jocal custom, no loss of todine occurred.

North Borneo

Goutre is endemic over a large area of North Borneo; it 15 regarded with
much averston by all natves and is responsible for a great deal of the
mbreeding and degeneration witch has occurred there (Clarke ;117 Mazat ;17
Regester ' F H personal 1953} In the country of
the Muruts and Dusuns, primitrve abonginal peoples hiving in the southern
part of the Colony roughly south of a line joimag the nocthern shores of
Brune: Bay on the west coast with Mount Trusmadi i the interior, the
principal endemic areas are  the Bokan country, Uly Kinabatangan,
Tomani area, Bole district and Ulu Mengalong

The best modern account of gotre 1n these communities is by Regester 1%
who emphasizes the ubiqmity of the disease, wherever he went, the great
mayority of people had clearly viuible fuliness of the thyroid Exophthalmic
goitre, toxic or degenerative changes, myxoedema and cretiaism he never
saw

On a two-week medical mission tnto the Murut yungle 1n 1958, Mazat 12
encountered 2 90% occurrence of collord gottres ** of huge dmenstons ™
In contrast to Regester, he saw typical signs of cretinism akin to those
recorded by Clarke 1172

The disease also occurs sporadically in the hills to the west of the Ken-
ngat plamn, i the Dalit, and between Mefalap, Tenom and Kamabong.
Other goitre centres that have been named are the Pansia district of Sipitang:
Bundu Tuhan tn Ranau, the Tambunan hills, cspectally Monsak village;
the Lanas district of Tulid, and the hull regions of Kudat.

Systematic clinical surveys have not been made, but reports from
medical officers fix the goitre rate at anything between 1% and 25%.
F Hem (personal communication, 1953) describes the prevalence at three
Mmokok willages i Upper Kinabatangan as ” rather hugh ™, and a rate
of 33.6% has been recorded among 1014 natives examined in the Bokan
country 7 The disease 15 between two and three times as frequent n
females as m males  Usually the thyrord swelling becomes apparent about
puberty and may reach a very large size in adult hfe. Thyrotoxicosis is rare

The goitre centres are mostly situated in yungle-clad hilly country of
sand and Irmestone through which the streams and rivers run rapldly'mer
stones and boulders. Clarke 7 found it an unusually interesting expericace
1o conduct climics 1 areas where cretimsm 1s enderme  The hill Kwyaus
and the Muruts hving tn the sceluded goitre-bearmyg hitls of the middle
Padas between Kamabong and Bole are particulacly affected. f?neﬂy.
outstanding features are reduction m height, often with dnsp.mpomon:_x!e
shortening of the limbs, a general physicat podginess with thick d{y skin,
short thick fingers, p d perhaps umbihcal hernia, dull
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of Peking, dninking-water 15 hard, but only occasional thyroid enlargement
was seen; in the mountainous region farther north, however, the water is
obtained largely from shallow surface wells and 1s undoubtedly soft. Itis
almost always boiled before use. Here, by a rough and ready method, Bolt
estimated the gottre rate to be 409 1 men and 60% in women. When
questioned about their neck growths the people affirmed that they were due
to a lack of something in the water and even claimed that they arose becanse
the water was soft. This recalls conditions i Mataya {sec page 167) and
suggests an absolute defictency of iodine as the causc, and not pollution or
the presence in water of any other gontrogenic factor. Bolt also noticed the
peculiar fact, which may or may not be relevant, that the shells of hens
eggs in this vicinity are much thinner than usual and that many of them are
so deficient 1n lime salts as to leave the egg membranous in places.

‘Writing of this area, Adolph & Ch’en 1'% mention especially the mntensity
of the disease mear the Western Tombs and Eastern Tombs (Impertal
Bunal Grounds) situated respectively to the south-west and north-east of
Peking in the Province of Hopeh Entire wvillages in these regtons are
reported to be almost 100% goitrous Analyses by Adolph & Ch’en show
that the 1odine content of water and foodstuffs from the environs of these
mausolea 1s generally speaking less than that of foeds and water collected
n non-goitrous parts of Hopeh and the nerghbouring Provinces of Sh
and Shanst Adolph & Whang '8 also found adequate amounts of 10dine
1 vegetable foods frem the Soochow-Shanghai area, where simple goitre is
extremely rare or non-eustent.

The gottres of North China—and this 1s particularly true of the Peking
district—are of the non-toxic type; the swellings vary 1n size from that of
a hen’s egg to that of a melon (Bolt 117%)

Western China

Duning hrs several expeditions through the Provinces of Kansu,
Szechwan, Kweichow and Yunnan in western China, Hoste 1%, 1187 gay
goitre at many places, 1n both sexes, and atall ages. King 1% confirms that
parts of Kansu, particularly the high plateau south of the Mongolian border
watered by the upper reaches of the Yellow River (Hwang Ho), are very
goitrous  Spring water or the water of mountain streams n which the roots
of willows or other trees are exposed is the natve explanation of the canse
The disease 1s also prevalent in the Gold River district on the Chma-
Tibetan border where a survey has been carried out by Liljestrand.1% Tt is
frequent, too, m the Sungpan region to the north-west of Szechwan. Here,
the people eat Ching salt and Tsou salt, both of which contain barely
sufficient jodme (1: 111 000 and 1: 170 000, respectively) to protect agamst
the action of any strong local gotrogenic agent. 1t 15 beheved by Cheng &
Ku "0 that the customary high cabbage dietary of the Sungpan people is
responstble for tipping the scales to the side of 1odine insufficiency.
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China (mainland)

Endemic gottre 1s of ancient hneage in Cluna. From time immemorial
travellers penctrating into the fastnesses of its northern, western and south-
western provinces have been struck by the evidences of human misery and
degradation due to goitre and cretuusm; therr diartes and journals are full
of vivid impressions which these scenes have made

The Chnese term for gortee 1s Ying, meaning a tassel hanging from the
neck. Lee 1% cites references showing that the disease was known i China
wmn the third century B.C. and that its treatment by alcoholic infusion of
seaweed was pracused at that tme Marco Polo ¥ saw goitres in the
Chunese Turkestan provinces of Kashgar and Yarkand when on fus famous
travels from Vensce to the court of the Grand Khan about the year 1275,
Six centuries fater, Hosie 1185, 187 speaks of the * enormous and unsightly ”
goitres he encountered when Journeying through the Provinces of Szech-
wan, Kweichow and Yunnan m western China; and Warwick 8% makes
stmilar references to the prevalence of the malady 1n many sections of the
Great Wall, along which he explored for a thousand mles in the early 1920’

Other Western writers who recount like expenences in different parts
of China are Heweit, !5 Lewss,'#* Bolt, 17 King, % Rock,’27 Muller, %220
Maxwell, 1% McClendon, %7 and Robertson, 241208 In recent years Onentat
medical scientists have themselves added greatly to the documentation ®

The mamn goitre belt begins m the north-east of the country i the
nesighbourhood of Shanharkwan on the southern border of Manchuria
(now the North-East Admuustrative Area of China}; it follows a westward
semucyreular route across the mountatmous watershed north of Peking into
Chahar and Suiyuan, and then turns south through the Province of Kansu
as far ag Chinghar  From thence st extends through Sikang and the western
regions of Szechwan and Kwerchow into Yunnan, the most gouwys
province sn alt China  With the possible exception of Tsungming Island in
the mouth of the Yangtse where gostre has been noted by Mawell, 5 all
the coastal provinces, including those of the preat plain 1n the east-centre
of the country, are virtually goatre-free, at least so far as the stmple endemic
vartety 15 conicerned; but everywhere 1 these provinces cases of Graves'
discase are frequent. Indeed, of all gortre cases brought to Miller's 1
attention in these areas about 60%, were toxic. A good goitre map of Cluna
is given by Liu & Chu. %

Northern China

On a journey from Peking northward to Jehol via the plain of Chihly,
Tungchow, Yenchiao, San-Hohsien and Chichou, Bolt m found v'(eﬂ-
marked endemnic goitre nests 1 the mountainous country extending up into
the Feng Shui Ti distnet, Throughout the fertile plain of Chiklr to the east

o See references 1177, 1130, $188, §189, (90119, ({96, (202, 1207 end 120%-1213 1m che bidliography
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of Peking, drinking-water s hard, but only occanional thyrotd enlargement
was scen; in the mountamous regron farther north, however, the water 1§
obtawed fargely from shatlow surface wells and 15 undoubtedly soft. It is
almost always bosled before use  Here, by 8 rough ard ready method, Bolt
estimated the gottre rate to be 40% 1n men and 63% wm women, When
quesuoned about their neck prowths the people affirmed that they were due
to & Jack of something m the water and exen clatmed that they arose because
the water was soft This recalls condstions m Malaya (sec page 167) and
suggests an absolute deficiency of todine as the cause, ard not pollution or
the presence 10 water of any other gostrogenic factor. Bolt also notwced the
peculiar fact, which may or may not be relesant, that the shells of hens
egas 10 this vicimity are much thunser than usual and that many of them are
so defioent 1n lime salts as to ledve the egg membranous 1 places

Wnting of this area, Adoiph & Ch'en 1'% mention espeaially the sntensity
of the disease near the Western Tombs and Eastern Tombs {Impenal
Bunal Grounds) situated respectively to the south-west and north-east of
Peking m the Prowince of Hopeh Entire sallages tn these reglons are
reported to be almost 1009 goitrous. Analyses by Adolph & Ch'’en show
that the 10dme content of water and foodstuffs from the envitons of these
mausolea s generally speaking less than that of foods and water collected
1 non-goitrous parts of Hopeh and the neighbourning Provinces of Shantung
and Shanst  Adolph & Whang % also found adequate amounts of rodine
1 vegetable foods from the Soochow-Shanghar area, where simple goutre 1
extremely rafe or non-ewstent

The gortres of North Clima~-and this 5s prrtwcularly true of the Peking
distnict—are of the non-toxic type; the swelkngs vary i size from that of
a hen’s egg to that of a melon {Bolt ¥%%)

Western China

Dunng his several evpedtions through the Provinces of Kansu,
Szechwan, Kweschow and Yunnan in western China, Hoste 315, 1187 gauy
gaitee at many places, ta both sexes, and acalt ages  Kang 19 confiems that
parts of Kanse, particularly the hugh plateau south of the Mongolan border
watered by the upper reaches of the Yellow River (Hwang Ho), are very
goutrons  Spring wates o the water of mountam streams i which the roots
of willows or other trees are exposed 15 the native explanation of the cause
The disease 15 also prevalent wm the Gold River distnict on the China-
Tibetan border where a survey has been carnied out by Liljestrand 95 It s
frequent, too, 1n the Sungpan regton to the north-west of Szechwan. Here,
the people eat Ching saft and Tsou salt, both of which contam barely
sufficient sodine (1 111 000 and 1: 170 000, respectvely) to protect against
the action of any strong local goitrogenic agent It is beheved by Cheng &
Ku ¢ that the customary high cabbage dietary of the Sungpan peaple is
responstble for tipping the scales to the side of todine insuffictency,
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China (mainland)

Endemic goitre 1s of ancient hineage n China  From time immemorial
travellers penetrating into the fastnesses of its northern, western and south-
western provinces have been struck by the evidences of human misery and
degradation due to goitre and cretimsm; thetr diarses and journals are full
of vivid impresstons which these scenes have made

The Chinese term for gorire 15 Ying, meaning a tasset hanging from the
neck. Lee 1'% cites references showtng that the disease was known in China
m the third century p.c. and that uts treatment by aleohohe wfusion of
seaweed was practised at that time. Marco Polo 3% saw goitres 1n the
Chinese Turkestan provinces of Kashgar and Yarkand when on his famous
travels from Ventce to the court of the Grand Khan about the year 1275.
Six centuries later, Hosie 1186 1187 gpagks of the * enormous and unsightly ”
gostres he encountered when journeying through the Provinces of Szech-
wan, Kweichow and Yunnan in western China, and Warwick 5 makes
stmilar references to the prevalence of the malady in many sections of the
Great Wall, along wiich he explored for a thousand mules 1n the early 1920's.

Other Western writers who recount hike expertences in different parts
of China are Hewett, 118 Lewts, 11 Bolt, 1179 King,'1%¢ Rock, 127 Miller,1oo-10
Maxwell, %8 McClendon,’*? and Robertson 1204 12% In recent years Onental
medical scientists have themselves added greatly to the documentation.®

The main goitre belt begtns in the north-east of the country 1 the
netghbourhood of Shanhatkwan on the southern border of Manchuma
(now the North-East Adnunistrative Acea of Chuna), 1t follows a westward
semicircular route across the mountainous watershed north of Peking mnte
Chahar and Suiyuan, and then turns south through the Province of Kansu
as far as Chinghar  From thence it extends through Sikang and the western
regtons of Szechwan and Kweichow into Yunnan, the most goitrous
province 1n all Cluna  With the posstble exception of Tsungming Island 1n
the mouth of the Yangtse where goitre has been noted by Maxwell,1* all
the coastal provinces, ncluding those of the great plan n the east-centre
of the country, are virtually gottre-free, at least so far as the simple endemic
vanety 1s concerned; but everywhere n these provinces cases of Graves”
disease are frequent. Indeed, of all goitre cases brought to Muler's
attention 1n these areas about 60% were toxic A good goitre map of China
is given by Liu & Chy ¢

Northern China

On a journey from Peking northward to Jeho! via the plain of Chihh,
Tungchow, Yenchiao, San-Hohsten and Chichou, Bolt 1% found well-
marked endemic goitre nests in the mountainous country extending up 1nto
the Feng Shur Ti district  Throughout the fertile plain of Chthlt to the east

T Sew reftrences 1177, 1180, 1185, 1489, 1191-1191, 1196, 1202, 1203 and 1208-1213 tn the bibliography
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among the mountain Kaws mhabiting the Ksvlunghiang (Chih) region of
sonthern Yunnan.

From his exhaustne studies, Robertson 13412 concluded that extreme
environmental 1odine deficiency aggravated by an excessively hard water-
supply & the cause of goitre 1n Yunnan  Proof of this is seen i the fact
that the disease 1s not usually so severe, 1f 1t exrsts at akl, among communites
i West China who are aceustomed to using Jocal salts nich 1 rodine—for
crample, the sait mined ag Nanlang in Szechwan  The salt derved from
Yunnan munes 15 deficrent m 1odine and Robertson suggested that as a
partral preventive measure it should be mixed with Szechwan salt 1 equal
parts

To arrange systemattc Boitre SUrveys in Yunnan and (o organeze pre-
ventive an advisory enuitled the Yunnan Antr-Gostre
Association has been formed under the honorary presidency of the Governos
of the Province.

Southern China

Jeanselme 19 refers to Simon’s observation of goitre among mountain-
duellers tn the environs of Lungchow, a town in the Province of Kwangs
close to the North Viet Nam border Farther to the cast, Lewas ¥ un-
expectedly came upon 2 strong focus of gontre m the Provinee of Hunan
when journeymp Over the mountams between Lanshan and Lsenchow
Neatly at the top of the ndge 1s a witlage where he saw greatly enlarged
thyrowds i large numbers  The wiltagers told him that the discase was of
long standing and that practically the entire adult population wera victis

North-East China {formerly Manchura)

Yamaguchs of the Manchuna Medscal College, Mulden, was the frst
1o take up the scientific study of goitre 11 former Manchuna  He published
fus results wn the Journal of the South Afanchutia Medical Society w 1921,
but m spue of much effort the present writers have not been able to see
Yamagueht's onginal accounts and it s believed that many who quate
fum can never have scen them ewther  Apparently the zeports cover the
merdence of the disease according to loeality, sex 2ad sge, and calt atten-
tion to the possibly decisive rofe that an excess of bme in drmkang-water
may play 10 tausation  Yamaguceht's work was continued by hus colleagues,
and between {935 and 1939 detarled studies of the Manchurian endemic
and 1ts relation to environmental sodine supply were published by Kodama,
Suzuki & Masayama, i Takes and his colleagues, #1213 Takamori 1209, 3219
Noda,*? and others. No recent accounts of goitse in former Manchuna
appear (o eust,

The prnaipal focus lies 1 Jehol, the province jn the south-west of
North-East China (formerly Manchuna)y adjornng Hopeh in North China.
Here, the endemic may be regarded as conti with that afready deserbed

.
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But, of all goitrous Chnese provinees, the one about which most has
been written 15 Yunnan on the borders of Burma in the south-west, Writing
of Kakatang, a viffage on the Wetsi—~a tributary of the Mekong fiver—in
northerh Yunnan west of Likiang, Rock 1297 says. “ What sights one can
behald 1n such 3 place as Kakatang ! Nowhere have I seen goiter so pre-
valent as here. The people carried regular pouches i their throats like
certain monkeys when they fill up with peanuts  One man, half blind, was
loaded down with a goiter so huge that the wesght of 1t dragged down his
lotwver jaw, making it difficult for htm to keep his mouth closed.”

The most impressive accounts of goire in Yunnan are those by
Jeanselme %2 and by Robertson 1204328 The former entered Yunnan from
the south alter compieting lus goitre survey of Indo-China and saw many
cases 10 the villages and market-p} fr d by the i 1t
between Man Hao on the southern border and Kunming (Yunnanfu), the
capital of the province Jeanselme estimated the over-all rate in Kunming
to be 20%, and he records that the disease 1s no less severe in the prefecture
of Kai Hoa, lying farther to the east. At Tal, and all around the great lake
on which Tali 1s situated, J Ime saw many myxoed crettns with
wan and pufly faces and unsteady gait

Conditions as revealed by Robertson’s survey some thirty years later
were no different He was concerned chiefly with the health status of
peoples hving along the route of the great Burma-China highway and in

the adjoming country Inspection of the adult population of both sexes
working 1 labour gangs during the construction of the road dsclosed a
goutre rate of 80% m some gangs, the average wn all gangs betng over 509,

Robertson was mueh struck with the patchy distribution of the Yunnan
endemic. In the north west, the people all along the valleys of the Salween,
Mekong and upper Yangtse rivers are very heavily affected, but the disease
15 not so evident west of Pac-shan  Swmilarly, on the road from Kunming
to Hwei-tsheh in the north-east there are villages in which almost everybody
fas a goitre, whereas Hwer-tsheh rtself 1s not markedly gottrous Robertson
explans the patchy distribution on geologrcal grounds. In the western part
of the province, before one comes to the canyons of the Mekong and
Salween, the country is composed of irregular ranges of upper grassiands
and undulaung plains where pastoral agriculture 15 1ntensively practised.
Much of this country 1s on porous hmestone soil and it is here, 1n remote
villages, that goitre 55 evident both in man and in his flocks and herds
Throughout the lower-lying parts of the province where nce, potatoes,
wheat, and frutts and vegetables of all sorts are cultivated, the disease is not
so prominent.

Others who have commented on goitre occurrences mn this general area
are A. J. Br hall (p 1 ication, 1950), wha speaks of the
frightful gitres seen in the Si-Chang dustrict of Sikang, and Galt,% who
describes the disease as fairly common among the Tai and almost umversal
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The highest rates are in areas underhain by pre-Cambran and himestone
formations.

There are no recent reports regarding preventive measures in former
Manchuria, but twenty years ago treatment by means of jodine was carrred
oul in parts of Lingyuan, one of the worst distnets of Jehol, and marked
mprovement was noticed after about two months  Of 9 children treated
under 10 years of age, 6 recovered; of 56 betweea 10 and 20 years, 12
recovered,

Recent preventve drive

Estabhshment of the People’s Republic of Cuna m 1949 brought
osganized improvement o evecy branch of public health, wcluding
co-ordinated efforts to assess the extent of goitre and stamp 1t out. Since

1958 he appl of prophyt and 7 T has Jeapt
ahead m practically all endenue areas
The campargn has invohed of 7585 311 passons of whom

592 702 were fownd 10 have goitre, This means an average rate of 739,
but, as seen 1 Table XXI, rates vary lacality by locality from 289 sn
K Proviece (North-East China, formesly Manchueia} to 82 395 1n the
mountainons far western Province of Kansu

The chief prophylactic method adopted 15 the supply of jodized salt; but
traditanal drugs contamng todune, todized oil, and potassum lodide 1n
faurly large doses are also employed  One year after the intreduction of

TABLE XX PREVALENCE OF GOITRE IN CHINA
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as occurring along the Great Wall north of Peking. It particularly affects
the district of Pingchuan and the north side of the Wall, but is also severe
farther to the north and north-west at Lingyuan, Chengteh, Luanping,
Lunghwa, Chihfeng and Weschang.

The goitre prevalent 1n Jehol 1s classified by Taker 112 and Takamori 12%°
as belonging to the Alpine type and 1s commonly assoctated with deaf-
mutism, 1diocy, cretinism and myxoedema The goitre rate vares between
107, and 60% and may be as high as 85% n the Pingehuan area  Chinese
and Mongohans are equally prone to the disease and immigrant Japanese
rapidly become victims; a J non- d officer acquired
a goitre four months after entening the country and a consular police
official contracted a second-degree thyroid enlargement (Dieterle’s scale)
within nine months of being stationed at Prngchuan. As usual, incidence
15 higher 1 females than 1n males; infants are occasionally affected

East of Jehol, goitre occurs 1n the basin of the niver Liao and in the
upland parts of the Liaotung perunsula, where Siuyen (west of Antung)
and Huanpen are especially d Elsewhere in former Manchuna
there are goitre pockets to be found throughout the eastern hills, for example
at Tunghwa and Mishan which lie 300 and 600 mules north-east of Antung
and Mukden, respectively Other centres are found at Hulan and Suthwa
immeduately north of Pingkiang (Harbin), and throughout the Khingan
Mountams m the extreme north at the head-waters of the Nonm river
{(McClendon; %% Noda '*0%)

The results of vanous analytical and biochemical nvestigations have
been advanced by the Mukden medical school and their assoctates as
evidence that the principal cause of goitre in former Manchuna is insuffi-
ciency of 10dine 1n soils, 0% water 119% 1208 apd Jocal foods 12!* By lhemsel.ves.
the data are not wholly convinang unless other factors are taken into
account. For example, well-waters from Jehol, where goutre is rife, register
from 4 g to 14 pg of iodin per litre, a level at which goitre would not
normally be expected to anse. It must be remembered, however, that
waters 1n the Jehol area are so excessively hard that an iodine level of
cven 14 gg per hitre may fail to protect At Talien (Dairen), on the goitre-
frec tip of the Liaotung pemmsula, the water contans 24 pg of jodine
per Titre.

Studies by Noda 2% not only in Jehol but throughout the Whv’e. of
former Manchuria show that the amount of iodme in soils where goitre
prevails is distinetly less than that in soils from non-goitrous districts, thus

Prevalence of goitre Soil odine

{vg per kg)
Nil (penuinsular Liaotung) . . 2249
Wil {(Upper Sungar) . 1567
Under 50%, . . - 1397
10%w30% ... .. .. 1053

Over 50% . e kil
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made by Kawashi,'2” Hashimote & Kyo,?® Hashunoto & Sha*" Ka-
waishi & Hashumoto,13¢ Chen 323223 and Ko™ Same representative
results are shown i Table XXII

TABLE XXif PREVALENCE Of GOITRE IN TAIWAN

Huber Numbee | porcentage |Biblio upmm(
Area of praple of people o b H
t SENRY | WiFoehe | wihoois |eterenca o |
Eatce Isiand (overait
prevalences FIST 0 as i
Dia dustrict of Taihoky 7463 8200 %4
Pinan end Daman
districts of Teitd 4060 { s 1’3 }

The rate in the north and west was highest at Sckitokes in the Oka
area (45 4 %) and lowest at Tasko (17 2%() Cases were especially numerous
1n the region of the Kanwen deita (40 7%) and m the basin of the Tansw
niver  Rates in the Prnan and Daman regions of Tatung saned from 5%,
at Miwa to 26 7% at Ruka The hughest rate (63 $%) was recorded by
Kawaisht & Hash 13 40 the of Mizuho 1n the foothills
on the mud-eastern side of the country Topographical features of the
endesmic regson have been thoroughly mestigated by Ko 12zszst

Ewvidence pomts strongly to the fact that insufficent rodine mtake 1s the
mawm cause of gottre w Tawan Ko ™% ineonunates the sandy and attuvial
soids charactenisttc of pracucally every gostre arez i the country, and
beheves that nutntionaliy-deficient vegetable foods grown on these soils are
fargely accountable Kawaisht #¥ considers, however, that mere ioding
defictency s not entwely resp ble and that 1 and clmatic
factors which rase the demand for sodine must also be taken into account,
Since hyp 15 rather among gostrous people m Tawan,
a deranged calcium metabohsm 1s reparded by Kawaishy as possibly asso-
ciated with pottre Jap 103 this but could find
no statisucally significant refationsiip between the blood-caletum level and
the type and extent of thyroud enlargement 1 cases of endeme gore m
Tarwan  There was, however, 2 tendency for the urinary excretion of
calowm and potassium to be greater than normat in both endemic gourre
and Basedow's disease

On returmag to his native village—Chiushe in central Tamwan—after ag
absence of some years duting the 1939-1945 war, Chen 12201228 ¢ struck
by the noticeable inerease 1 simple goutre  Formerly, gortre had not been
prevalent 1o any rmarked degree in thxs distriet and s emergence supgested
the of some g by wartime conds-
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1odized salt (I 5000) into Ch hiakou, r ion of the popul
disclosed no new goitre cases 1n that area In Hunan, re-examination of
264 goitrous individuals two months after the mntroduction of 10dized salt
(1 100000 or 1: 50 000) revealed a reduction in the circumference of the
neck i 63% of these cases  Similar satisfactory results with iodized salt,
todine-containing drugs and todized oil have been obtained elsewhere m
Chlna 1182, 1183

Animal goutre tn China

Imperfect calaification of hens’ eggs—a common occurrence in the
mountain country north of Peking-—has already been mentioned as possible
evidence of iodine deficiency. From the same area comes Geil's observation
(see Warwick '*1%) that goitrous antelope are not unusual in the Imperial
Forest Preserve at the Tung Ling or Eastern Tombs. Robertson 1. 1%
suggests that 1odine deficiency s the cause of abortion in cows in Yunnan
Province, and preliminary observations led him to beheve that many
horses and cattle 1n West China suffer from lack of both salt and 1odine.

Korea

Apparently the only part of Korea where goitre 1s endemic 1s the Kangai
neighbourhood 1n the northern hilly section of the country Here, according
to Mulls, 116 1217 gimple goitre 1s quite common 1n various stages of develop-
ment, and the Koreans have a saying that anyone who drnks the water
that drains from the decaying roots of the edible pine will develop the
disease.

Smuth 18 supgests that m all probability the fact that no part of the
Korean pemnsula 1s far removed from the sea, and that sea foods are a
large factor in the diet of the people, accounts for the comparative ranty
of endemic gortre m the country On the other hand, at the tume of writing
(1928), he could discern that cases of hyperthyroidism were on the increase
throughout Korea

A survey of the nutnitional status of Korean mulitary forces conducted
by Williams et al 11 1n 1956 disclosed virtually no evid of goutre.
Palpable thyroid enlargement was observed 1n only 0.8% of individuals
examined.

Tainan

Gotre 15 exceedingly common in Tawwan Maxwell 1198 records that
in certain mountain villages almost all the inhabitants have lht‘: d{scasc
Affected areas include the Oka area of Tarpeh (Tathoku) Dustrict in the
north, the Taiko neighbourhood 1n the west, the Chiushc-Houh-Fcngyyan
area tn the centre, and the regions of Pinan and Dainan 1 Taitung (Taitd)
District in the south-east of the island  Surveys of prevalence have been
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made by Kawaishi,** Hashimoto & Kjyo,'= Hashimoto & Sha,!*** Ka-
waishi & Hashimoto,! Chen,}**12 and Ko.)¥"1™2 Some representative
results are shown in Tabls NXII.

TABLE XXIt. PREVALENCE OF GOITRE IN TAIWAN
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The rate in the north and west was highest at Sekitokei in the Oka
area (45.47) and lowest at Taiko (17.2%;). Cases were especially numerous
in the remon of the Kanwen detta (40.795) and in the basia of the Tansui
river. Rates in the Pinan and Dainan regions of Tartung vaned from 5%
at Mina to 26.7%; at Rika. The highest rate (63.5%5) was recorded by
Kawaishr & Hashinoto 254 in the Shirakawa of Mizuho in the foothills
on the nud-castern sidz of the country. Topographical features of the
endemic regon have been thoroughly investigated by Ko 1% 133t

Evidence poimnts strongly to the fact that insufficient 1odine intake is the
main cause of goitre in Taiwan. Ko '** incriminates the sandy and alluvial
soils charzctenstic of practically every goitre area in the country, and
belizves that nutntionally-deficient vegetable foods grown on these soils are
largely accountable. Kawasshi % considers, however, that mere iodine

deficiency 1s not entirely resp and that hemical and clunatic
factors which rasse the demand for fodine must also be taken into 2ccount.
Since hy ia 15 rather among goitrous people 1n Taiwan,
a eed calcium bolism 15 regarded by Kawaishi as possibly asso-

ciated with goitre ca Sai 1= ined this ion but could find
no statistically signif 1 hip between the blood-calcium level and
the type and extent of thyroid enlargement in casss of endemic goitre in
Taiwan There was, however, a tendency for the unnary excretton of
calerurs and potassium to be greater than normal in both endemic goitre
and Basedows discase.

On retumning to his native village—Chiushe in central Taiwan—after an
absence of some years during the 19391945 war, Chen 1231 22ty struck
by the noticeable increase in simple gontre. Formerly, goitre had not been
prevalent to any marked degree in this district and jts emergence suggested

the evistence of some goitrogeni g=nd; by wartime cond;-
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todized salt (1 5000) into Changchiakou, re-examination of the populace
disclosed no new goitre cases in that area. In Hunan, re-examination of
264 gortrous individuals two months after the introduction of iodized salt
(1 100000 or 1: 50 000) revealed a reduction 1n the circumference of the
neck 1 63% of these cases Similar sauisfactory results with fodized salt,
todine~containing drugs and 10dized oil have been obtained elsewhere in
Chma 1182, 1183

Ammal goure in China

Imperfect calcification of hens' eggs—a common occurrence in the
mountain country north of Peking—has already been mentioned as possible
evidence of 10dine deficiency From the same area comes Geil’s observation
(see Warwick %) that gostrous antelope are not unusual in the Imperial
Forest Preserve at the Tung Ling or Eastern Tombs. Robertson 1203 126
suggests that 10dine deficiency 1s the cause of abertion in cows in Yunnan
Province, and preliminary observations led him to believe that many
horses and cattle 1n West China suffer from lack of both salt and sodine.

Korea

Apparently the only part of Korea where goitre 1s endemic is the Kangai
nerghbourhood 1n the northern hilly section of the country. Here, according
to Mulls,!#18. 121 gmple goitre 15 quite common 1n various stages of develop-
ment, and the Koreans have a saying that anyone who drinks the water
that drains from the decaying roots of the edible pine will develop the
disease

Smuth 1218 sugpests that in all probability the fact that no part of the
Korean pernsula 1s far removed from the sea, and that sea foods are 2
large factor in the diet of the people, accounts for the comparative ranty
of endemic goitre in the country On the other hand, at the time of wnting
(1928), he could discern that cases of hyperthyroidism were on the increase
throughout Korea

A survey of the nutritional status of Korean mulitary forces conducted
by Williams et al 2 1n 1956 disclosed wirtually no evidence of goitre
Palpable thyroid enlargement was obsersed 1n only 089 of indviduals
examined.

Taiwan

Goitre 15 exceedmgly common in Taiwan Maxwell 1 records that
1n certain mountain villages almost all the inhabitants have the disease
Affected areas include the Oka area of Taspeh (Taihoku) Distnct m the
north, the Tatko neighbourhood in the west, the Chiushe-Houh-Fengyuan
area in the centre, and the regions of Pinan and Dainan in Taitung (Taito)
District in the south-east of the island Surveys of prevalence have been
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made by Kawaishi,'*”? Hashimoto & Kyo,’#** Hashimoto & Sha,'**® Ka-
waishi & Hashimoto, 1% Chen,1#01223 and Ko.1*%3%% Some representative
results are shown in Table XXIT

TABLE XXII PREVALENCE OF GOITRE IN TAIWAN

Number Number P
ercentage | Bibliographicat
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revalonesy ¢ 318115 26979 85 1221
Oka district of Taihoku 28463 6200 264 1225
Pinan and Dainan

districts of Talts 4060 us 153 1228

The rate 1n the north and west was highest at Sekitoker in the Oka
area (45 4%) and lowest at Taiko (17.2%) Cases were especially numerous
1 the region of the Kanwen delta (40 7%) and 1 the basm of the Tansui
nver Rates in the Pinan and Dainan regions of Taitung varted from 5%
at Miwa to 26 7% at Rika. The Iughest rate (63 5% was recorded by
Kawaish1 & Haslimoto ** 1n the Shirakawa of Mrzuho 1n the foothills
on the mud-eastern side of the country Topographical features of the
endemic region have been thoroughly mnvestigated by Ko 1228 1231

Evidence points strongly to the fact that insufficient sodine intake 1s the
main cause of goitre in Taiwan Ko ' incriminates the sandy and alluvial
souls charactenistic of practically every goitre area in the country, and
believes that nutntionally-deficient vegetable foods grown on these soils are
largely accountable. Kawaishi *#7 considers, however, that mere 10dine

deficiency 1s not entirely ble and that h. I and climatic
factors which raise the demand for 10dime must also be taken mto account.
Since hy 1 18 rather among goitrous people 1n Taiwan,

a deranged calciwm metabolism 1s regarded by Kawaishi as possibly asso-
ciated with goitre causation  Sai %% examuned this questton but could find
no statistically significant relationship between the blood-calcium level and
the type and extent of thyroid enlargement 1n cases of endemic goitre n
Tawwan There was, however, a tendency for the unnary excretion of
calcium and potassium to be greater than normal m both endemic goitre
and Basedow’s disease

On returning to his native village—Chiushe 1n central Taiwan—after an
absence of some years duning the 1939-1945 war, Chen 1221, 122 g struck
by the noticeable increase in simple gortre  Formerly, goutre had not been
prevalent to any marked degree 1n this district and its emergence suggested
the existence of some goitrogenic influence engendered by wartime condi-
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tions Indeed this is probably true, the local dietary had perforce changed
from one of nce, potatoes, green bles, pork, beef, food, lard and
peanut oil, to a less vital diet g of cabbage, p bean leaves,
cassava, wheat, and the sced-orls of rape and flax. Little wonder that
physical disabnlities obtruded—with evident thyroid enlargement among the
first symptoms.

Over nine years and eight months, May 1945 to December 1954, Chen 20
admunistered therapeunc doses of 1odine (average dose 15 mg daily) to
2838 goitre patients in the Chwushe area A favourable response was
observed m 63 3% of cases.

In regions where human goitre 1s endemic, thyroid enlargement afso
oceurs among pigs  Kobayasin 125 examined the thyroids of 200 castrated
male and female pigs and found no less than 819 of enlarged thyroids tn
those from Oka village One pland weighed 550 g In Hwalien (Karenkd)
Dhstrict, where there 1s a 65%-70% rate of human goutre, 48%, of pigs were
affected. Histological scctions taken from thyroids which outwardly appear
normal reveal ceflular changes indicating that so-cafled * normal ” glands
from tfus area are alveady 1n a pre-goitrous state before visible enlargement
begins  Castration has no nfluence on the development of goitre in pigs.

Japan

There is general agreement that, compared with other countries 1o the
same geographical region, simple goitre 15 not a problem of any magnitude
1 the main 1stands which make up Japan—Honshu, Hokkaido, Kyushu,
and Shikeku On one occasion, McClendon went looking for goitres m
Iikely places in the mienor but could find no more than four cases among
20 000 nhabitants (McClendon, 281282 Agchoff,'%° Papelher,*s Kawaishi
& Hashimoto %%}

Comparative absence of the disease 15 aseribed by some to the widespread
and regular habit of eating seaweed In Japan seaweed 1s served in a variety
of ways 8% 3 constant article of diet and an amount of 10 g (dry}, or event
more, s often the portion fot one person at a meal  On average, 10 g of dry
seaweed would contain about 5 mg of jodine

However, as Greenwatd 12 has pointed out, Japan 1s not by any means
free from simple gottre. There are foct 1n mowntanous infand locahties, and
on the coast, where thyrond enfargement 15 common; indeed, the rate may
be quite high  For example, 1n Gumma (Gunma) Prefecture in the interior
of the country north of Tokya, Hichiyio 1246 found 11.1% of gostres among
the 16 202 boys and girds he exarmned w 1953 Four years later, on 2
resurvey of Gumma children, he found 8% 1n boys and 147 wn girls, and

. Tt steesateenes SRl s and 467 of girls were
rded by Hichijio 2%
contrast with about

2% ir: the coastal town of Fupsawa south-west of Tokyo
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Similarly, 1 Gulu Prefecture north of Nagoya in central Japan, Kat-
sumata & Muaraham 1% examuned 2434 grels and young women, of ages
13 to 26 years, at 15 different puls’ schools and sitk mulls i 13 different
focaltties, and found undoubted thyroid enfargesment in 1242 (50} of these
subjects, Rates vaned from 543 1 a school at Seki siteated on the plamns
at the edge of the mountamns to 61 % in a school at Funatsus, a town high
m the Japanese Alps

s teue that the great majonty of these enlargements (969]) were not
visible to the naked eye and were only determmable on palpation. Never-
theless, the high prevalence of palpable thyrod enlargement among guls
m the Gufu area indicates that the zone is potentially goitrous  Katsumata &
Murakam: 252 refer siso to the eccurrence of puberal goitse in Aschi Prefec-
ture south-cast of Nagoya and mention Ithewise that the Prefectures of
Hydgo and Okayama at the western end of Honshu are not immune
The prevalence, however, 15 shight; a survey by Monnaga ***1n 1950 showed
only 4 6% of cases among 1480 cluldren {6-14 years) at schools in the
vicinsty of Yakake sn Olayama Prefecture, and 47% among 1516 out-
pavents attending Yakake hospitat

At Ksmskitayama m the Yoshwno distnct of Nara Prefecture, the
southernmost part of Honshu, Watanabe et al* saw goitres i 19 6% of
children i their early school years But among children 1 nuddie school
Iife the rate had jumped to 31.6% (266% in boys and 328% m guls)
Other Prefectures i Honshu to which reference 15 made m the goure
fiterature of Japan are Tochigt,'¥® Cliba,'** Toyama 4% and Totter 74

Goutre foct are kriown also s Hokkardo, the most northerly island of the
country Here, suneys have been made by Fupu, 3410 142 Hashiba, Ogaws &
Ousuka; ¥¥ Inouc et al , 2% Maeda et al | *2% Mornrkawa et al ; 1267 Qkiy; 327
Takata, 1%, 138 Takeda et al , ** and Usubuchs & Murotan; 121

n the Hidaka hughlands to the south of Hokkado a rate of 305% has
been recorded amony a total of 4683 pnmary, jumeor and semor ugh-schook
munors of ages 6 to I§ years Inadence mereases towards the east of the
Hidaka region, reachung 73% to 12% at the coastal vdlages of Enmo,
Meguro and Shoya situated st the tip of the Enmo peninsula Horomzumy,
on the west coast somewhat north of Exmo, 1s another gontre centre  In the
south-west of the istand Okys examined 2234 people in and around Esastn
and found an over-ali rate of 2 3%, the highest rate betag m the atvea of
X Pup e bes goitre as endemic in a fishing willage 1n
Matsumag-gun at the extreme south-west of Hokkawdo ssland. The offshore
istands of Rebun, Ristur, and Teun to the far north-west of Hokkaido are
alse reputed to be gotrous (Usubucht & Murotam; ! fnoue et al, %1,

Shikoku island contans a markedly endemic area in Ehime Prefecture to
the west  Andon Kyushu, the only black spet appears to be Wakamatsu, a
town right on the very nor of the sstand i
exactly simular to that of Rebun and Rishine {see above) and many others,
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and full of provocative interest vissd.vis the generally accepted theory of
gottre peness,

Freld surveys and Iaboratory research on goire among goats, daity
cows, beelcatile, pigs and sheep i the end Nagano and non-gndemi
Toyama Prefectures of Honshu have been the immediate concern of Taka-
mort and his colleague Yiiks 1n a series of eight papers 12771282 Exceptionally
heavy losses of newborn lambs and kids in Nagano duning recent years are
attiibuted 1o 10dine deficiency for which the only preventive recommended
by Tahamori and s school 1 the wdization of amimat-feeding salt in the
proporion of one part of potasswim (or sodiutm) 1odide 10 every 1000 or
5000 parts of saft, depending on local ci In Hokkaida, the
geographucnf comtidence of gowre o the smmat poputation-—horses
particularly—and in the human population has been noted by Maeda
et a} 123

Philippines

According to Mller, the Filipinos show the tughest goutre frequency of
any people residing i the Onent The disease, he says, seems to be almost
as prevalent 1n the Philippme Islands as in Switzerland 0, 120t

Early records collected by Greenwald 2% prove that goitre was known
i the Province of Batangas at the end of the erghteenth century, sn the
Province of Tayabas 1n 1845, and among the Bontoc Igorots in the highlands
of nosthern Luzon at the beginning of the present century In 1903, Dun-
can? reported 1ts prevalence 1 2 tnbe hving a1 Macabebe on the marshy
northern shores of Manita Bay.

No systematic modern survey of prevalence has been made, but case-
histories and hosprtal records relating to the number, type and provenance

of thyroid patients op d upon 1n Phil hospitals between 1909 and
1948 have been studied and analysed by various writers, These show that
gonre is found i nearly all the 49 prowvir posing the ar it

(Lopez-Ruzat & Padua; > Reyes, ¥ Erickson; ™ Estrada, Nery & De
Vera: % Recto 30?)

The chiefl goure region in the Philippmes is the Province of Nueva
Foya tn the eenteal valley of Lvzon where the twin municipaities of Pefia-
randa and Papaya are notorious s the home of gortre 1n the Islands  Other
centres m Luzon are: B d and Manabo in Abra Province 1 the north-
west; the Bontoc distriet, the Province of Isabela on the east side, the area
round Manila mcluding Bulacan, Macabebe in Pamp ang Cawvite, the
Bataan penunsula; and Tayabas and Batangas in the south of the island.

In the central slands of the archipelago there 15 goitre to be found on
Panay at Capiz and Hoilo, and on Negros and Cebu  Nichols 1390 noted the
Sisease at Taytay, 2 10wn situated in the north of the wstand of Palawan)
he remarks that as Taytay 1s on non-calcarcous soil the goitre occurrence
cannot be associated with excess of hme  Actvally, the geotogical formation
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there consists of a water-fatrd volcame tufl. In Mindanao, the southernmiost
part of the Phikppines, goitre has been recorded at Lanao and 1 the valley
of the river Sindanpan

On the basis of 8 companson between the relevant hosputal returns for
the 15 years up to 1924 ond those for the two-and-a-haif years following the
hberation of the country at the end of the 193945 war, Recio ¥ concludes
that thyroid disease has increased i the Philippines during recent years

Qceanta

Sosls are much ncher in 1odine than the rocks from which they ave
denved  Enunent suthonities who have erttically exanuned the sodine cycle
n nature believe that preaspitation of todine from the atmosphiere 1s by far
the most important agency through which sols are sodine-enniched. The
explanation that sodine 13 mainly concentrated n souls as a residual coms
ponent resulting from the weathenng of underlying pnmary rocks s unten-
able, since such a process would call for the destruction and removal of

i of other k tuble rock or sod constutuents

Atmospherie sodine originates from the sea, 3t 1s liberated {rom seas
water by oxadation and 15 carned intand by winds either in a gascous state or
adsorbed on floating particles of dust  Air-borne todine 1s brought down by
raim or snow. the first rams of any ramy period contain more jodine than
the later ramms - Additon of a-borne oceanic toding to soil through rain or
snow 15 a stow process, hundreds of thousands of years are requured o
buufd up an yodine-rich soil 1n this way

During the Ice Age the older wodwne-tich soils were swept sway and the
whelg course of sol gvolution began afresh  New soil-making matenals
were generated by the gninding-up of virgin crystalhine rocks containing,
al the most, enc-tenth the average wdine content of mature agricuftural
soils  As the we cover receded, replemshment of the wdine 1 glacial and
P sotl matersals began—a process which s stdl in progress in some
countnes {see Geochenustry of lodine ¥%)

As an introdugtion to goitre 1 Australia, New Zealand and the 1slands
of Me¥; this d mio the h y of 10dme 15 excused on
iwo grounds  First, Australia and New Zealand are 2among the countries
m which the frequengy dustribution of gotre may be correfated with the
areas and extent of quaternary glaciation where sods have not yet been

1 b d with tacial aiborne oceamc todine As Hercus 10t
himself remarks wn reference 1o the distribution of stmple gortre 1n New
Zealand " Speaking generally, our mmmature, recently deposited sods
predispose 10 the development of goutre, and alt parts of New Zealond can
be sad to be gotrous ™ Secondly, the dipression affords an opportunity
to put on record that due recognition has not apparengly been given to the
fact that 1t was an Australian medscal officer, Harvey Sutton,® who in
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the course of goitre studies in New South Wales and Victona was the first
10 notice and explain correctly the relanonship between ramfal and gortre
madence, and to offer a reason why rodine is preferentsally fived 1n upper
sail layers rather than 1 the deeper honzons of the same profile.

His accurate assessment of what happens duning an amportant phase of
the rodine cycle is characterisic of other similar investigations in Austral-
asian countries. No peoples have faced the goitre menace with more effi-
ciency and more energy, and none are nearer 1ts final conquest  Thanks to
Hereus and his schoo), New Zeatand's contnbution to local 1odine know-
Tedge is fuller than that of probably any other country; and it 1s not difficult
to predict that the recent eluaidation by Clements & Wishart 1 of the
gortrogenic influences operatsve in parts of Tasmama will always rank among
the classic researches in this field.

New Guinea

Poliscally, the 1sland of New Guinea s divided into West New Guunea
and the Terntory of Papua and New Guinea, wiuch 15 2 United Nations
Trust Terntory admunstered by Australiz  Running the whole length of
the country from west 1o east 15 2 central mountatn backbone with peaks.
rising to between 12000 and 16 000 feet (3500 and 5000 m) Lying off the
east of New Guinea ase the sslands of New Bnitasn and New lreland, which
form part of the Terrtory of Papua and New Gumez  Also belonging 1o
the group are the Admuraity Islands, including Manus ssland, and the two
northernmost Solomon Islands, namely, Bougaminville and Buka

The distabution of goitre throughout the New Gunes islands is patchy
Naosten 152 mentions three affected tocalities sn West New Gunea-—namely,
the regon around Doreh Bay at the north-east corner of Vogelkop, the
Tunonm area, and the banks of the mer Digoel in the south-east of the
country In the tesmitosies to the east under Austraban mandate, known
gostre centres are a willage close to Mount Toma about 30 rules from
Rabaul m New Bntan, 2 collectton of willages m the Hydrographers”
Range on the nortfi-east coast of Papua near Buna; and a group of Papuan
viftages sstuated 1n the mountamous country at the head-waters of the
Angabunga river about 40 mules mnland from the coastal area west of Port
Moresby

The Iast-named focus was discorered by Clements 2 duning a medical
survey in the western portion of the Central Pivision of Papua undertaken
for the Papuan Admumisteation m 1935 Here, Clements saw no goitre
among the Roro tribe on the coast, or among the subcoastal Mekeo tribe,
who mhabit @ dozens or so villages scattered at wregular mntervals miand
atong the banks of the Angabunpa niver. But, higher up, at an altitude
of about 6000 feet (2000 m) under the shadow of Mount Edward Albert,
the bighest peak sn the Owen Stanley Range, he found chrome parenchy-
matous gostre in four villages—Ikuwei, Mam, Kailape and Tura
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the course of goitre studtes in New South Wales and Victona was the fiest
t0 notice and explain correctly the relationship between ramfall and goitre
wcidence, and to offer a reason why iodine 15 preferentiafly fised 1n upper
soil layers rather than in the decper honzons of the same profile

Hhs accurate assessment of what happens during an important phase of
the iodine cycle is charactersstic of other sumiar imestigations 1o Austral-
asizn countries. No peoples have faced the goitre menace with more effi-
ciency and more energy, and none are aearer 55 final conguest Thanks 1o
Hereus and his school, New Zealand's contribution to local 1odie know-
Tedge 15 futfer than that of probably any other country: and s not difficult
1o predict that the recent clucidation by Clements & Wishart 1 of the
gottrogenic influcnces operative in parts of Tasmama will always rank 2mong
the classic researches m this field

New Guinea

Pobtically, the wsland of New Guinea 15 divided into West New Guinea
and the Terntory of Papua and New Guinea, which 1s a United Nations
Trust Terntory administered by Australia  Runming the whole length of
the country from west to cast is a central mountam backbone with peaks
rising 1o between 12000 and 16 000 feet (3500 and 5000 m) Lying off the
cast of New Guinea are the islands of New Bntain and New Ireland, winch
form part of the Terntory of Papua and New Gunea. Also befonping to
the group are the Admralty Istands, mcluding Manus stand, and the two
northernmost Solomon Istands, namely, Bouganwlle and Buka

The dstrabution of gostre throughout the New Guinea istands 18 paichy
Noosten 1% mentions theee affected bocalities in West New Gumea—namely,
the region around Doreh Bay at the north-east corner of Vogelkop, the
Timort area, and the banks of the siver Digocl in the south-cast of the
country. In the terntories to the east under Austrahian mandate, known
Lostte centres are 2 village close fo Mount Toma about 30 mules from
Rabaul 1n New Britain; a collection of viliages m the Hydrographers’
Range on the north-east coast of Papua near Buna, and a group of Papuan
wllages situated in the mountanous country at the head-waters of the
Angabunga nver about 40 myles mnland from the coastal area west of Port
Moresby

The Iast-named focus was discovered by Clements %% during a medical
Survey in the western portion of the Central Division of Papua undertaken
for the Papuan Admuustration in 1935, Here, Clements saw no goitre
among the Roro tnbe on the coast, or among the subcoastal Mekeo tabe,
who nhabit a doezen or so willages scattered at irregutar ntervals snland
along the banks of the Angabunga nver. But, higher up, at an alutude
of about 6000 feet (2000 m} under the shadow of Mount Edward Albert,
the highest peak in the Qwen Stanley Range, e found chronic parenchy-
matous gottre 1n four vilfages—Ikuwe, Maini, Kailape and Tora.
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Distribution s hughly localized  Other willages high on the mountain
sides, 1n apparently sumilar positions to thase affected, were found fo be
free from goitre, and within the goitrous villages themselves many people
have continuously drunk water from the same source as the gottred people
without contracting the disease The malady 1s confined to adults, the great
majority of sufferers betng women  Onset 1s associated with first pregnancy
and no woman becomes pregnant after having developed a thyrod enlarge-
ment—a feature, Clements remarks, unusual in a population with a high
burth-rate  The natives believe that in women goure is the result of eating
pig dunng the persod of pregnancy. many pgs are eaten n a feast which
may last 2 month Diets excessively rich wn proten and fat are among
the many that have been branded as gostrogenic, if this be true, a ronth’s
feast which includes 2 high proportion of mg fat might well impose an
unaccustomed thyrotd siress, espectally dunng pregnancy

Profoundly stimulated by Clements® findings, McCullagh®™ put
forward s plan for the extinction of gottre in New Guinea  To hss energetic
and refreshing action the Terntory owes the imtiation and development of a
novel preventive form—one which mght with advantage be followed
other regions of the wortld stmiacly placed

McCullagh confirms earher views on the wide distnbution of goitre
throughout the Terntory—extending from the border between the Dutch and
British halves of Guinea in the west to the tip of Bougamville, the northern-
most sstand of the Solamon group, far 1o the east. He estumates that at feast
one-third of the 300 000 people who hive in the goitre areas and are thus
exposed (o goitrogeme nfluences, whatever they may be, actually devefop
the disease

McCullagh's i y but wholly L prever method is
depot nyection of todized o1l Apparently 1t s not adnunistratively posstble
o spread jodized salt easily throughout the affected areas—" To achieve
this over afl the years of pre-adult and early adult Ife would be a difficult
task * Instead, from the results of an investigation m Melbourae, McCul-
lagh advocates a single injection (one mullthitre) of 1odized oif to ** prowde 3
continuous supply of 1odine over a pertod of two years ™ Wuh larger
volumes 1t may be possible 1o establish depots fasting up 1o five years An
extensive anti-gottre campamgn wath 1odized ol as fiest defence 15 now under
way Evaluation of tts effectiveness will be made known m 1960,

Around Hollandta, on the north-east coastal margm of Netherlands
New Guinea, gostre 1s recognized s 2 problem among goats Sheep are
only shghtly aflected  The gontrous cond ponds to the ad I
of potasstum 10thde through dunking-water {Zwary 308y

Ausfralia and Tasmania
Systematic fOitre surveys in Australa are relatively few i number and
1t any case have been directed to areas already known to be or suspeeted
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of being goitrous, As more sun2ys are undertaken 1t is posssble that other
gottye regrons will be uncovered  The discase has not been recorded among
the aborigines, either formerly or ar the present tme  Soon afler the arrnval
of the first white seitfers, the abongnal peoples moved out of districts
now recogmzed as goitrous and are today hving o appasently non-goitre
areas, for the disease has not been absersed among them (Clements 1307)

Queensland

Reports by school medical officers supgest that the town of Cawns
the nonth of Quezenstand, and pants of the Atherton Platean, which hes
directly to the south-west of the town, are mildly gostous The prevalense
ate 1s unknown, however (Sutton 1) There are rumours of vecurrence
in the country besween Toowoomba and Cunnamulia 200 to 300 mufes west
of Brishane, but there is no ofictal confirmation of thus
New South Wales

Exammation of 75000 children in rural distnets and an additonal
10000 sn towns {Sutton 13 131} revealed considerable areas of gottrous
country m the Great Dividing Range, which runs down the eastern part
of New South Wales from the Queensland border i the north to the
border of Victoria mn the south These areas Iie in several large niver valleys,
particularly the populous Hunier mver valley, and in fertile plateaux
throughout the range The percentage rates (given n parentheses for boys
and gisls respectively) were highest i such places as Grafion sear the north-
east coast {042, 4 35), Armmdate in the New England Range {076, 3 57),
Tamworth at the head of the mer Namo: {6 33, 12.0) and Muswelibrook
tn the Hunter ¢alley {55, 11 27)

Excluding the town of Grafion alrcady mentioned, the mardence 15 jess.
marked 1 the extreme north-east cosner of the State, that 15, 1 an area
bounded by Wallanparra, Armudale, Coff's Harbour and Tweed Heads
To the south, i the arca bounded by Bathurst, Albury, Eden and Wollon-
gong~but excloding Canbers: s ely slight There
ts a small endemie area between Camden and Yerrandene, 50 mues to the
west of Sydaey A map showing the relative prevalence of gostre i these
different sections of New Scouth Wales 15 given by Sutton 1330 Among
children at two schoals 1n the Sydney suburb of Bonds, Clements 19 found
an over-all thyroid enlargement, palpable or vistble, of 799 1n boys and
17 3% 10 guels

Canberra

In 1942, the cty of Canberra was found to be wm a gourous arex A
survey by Clements 3% revealed the rates shown in Table XXIH amang boys
and prls m three age-groups between 6 and 14 years It 1s seen that the

prevalence s lygher m girls than wn bays, particufacly 1 the 12-14 years®
age-group.
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TABLE XXIl PREVALENCE OF THYROID ENLARGEMENT AMONG CHILDREN IN CANBERRA

H

} Age-graup 68 years B4 years 12-14 years

| Sex boys [ gis boys § oils oys i outs

;l Nuaber exsmined | <6 ws {16 mo |
number] % {number % Jnumber] % [oumber] % |numbed 5 [rumded %

Thycoids T

! {

| pamatie 2 {wd] « lme] « lar| s {me] s |me| & |ue

b visibte 8 45] 16 | 4] 11 155 16 1100 9 j st} 31 o2%

t i

i

{ Total . 3 {ii!} s {274) aoz} 7 {lSQ} s juma] @ [we

Shortly after the foregoing facts came to hight, an 1odine prophylaxis
project was started i Canberra under the sponsorship of the Australian
Department of Health The scheme consisted of adminsstering to pregnant
and lactating women, infants, children and adolescents, once a week, a
tablet ing 10 mg of 1 iodide The tablets were distributed
through infant welfare centres and schools, The results over five years
have been reviewed by Clements; 123 131 Taple XXIV shows the per-
centage rate of visible goitre among Canberra children in the 9-11 age-group
at each successtve examination,

TABLE XXV PREVALENCE OF VISIELE GOITRE AMONG CANBERRA CHILDREN IN
811 AGE-GROUP AFTER INTRODUCTION OF 1ODOINE PROPHYLAXIS

Bays Gurls

Year

aumber percentage with number percentage with

examined visthle goltre examined visible gortre
1947 193 58 160 e
1848 23 21 5 50
o5t 140 o 124 4
1852 289 o 81 17

i

In 1951, resulis from one school were not available, and m 1952 the
survey was limited to children who had resided in Canberra for the previous
three years Nevertheless, the meidence throughout shows a marked
downward trend and the results clearly demonstrate the effectiveness of
this method of goitre prevention and its sunabilty for infants and young
children whose intake of jodized table-salt would at that age be neglipble,

Regarding goutre prevention in Canberrs, Hipsiey 132 has drawn atten-
tion to the convenience of adding: 1dized salt to bread at the time of baking,
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TABLE XXV. PREVALENCE OF THYROID ENLARGEMENT AMONG CHILDREN IN GIFPSLARD

Age-grous 1 6.8 years | 341 years [ 1214 yeacs
Se vors | gids | bors 1 ams bors | s
Number examined 172 ‘ W] ’ we o PP ™

numuer( % foumberl ¥ frumbed] % number) % lnumber' % ],..,.,,b,,; %

Thyrolds. T ¥ i v o é
b edpene wn ‘)uz Lo :m 3 may s sy W oae i z
1
t visibte EED ) 2 ( 110 ins‘ “ 2l @ ity 2 a7
7 i [
% Total . (<} 1) ko] }‘75 58 “57 & ‘”Bl 25 }"D 47 765.‘!
{ i I [

as has been customary in the Netherdands since §943  The method has
reoently been adopted 1n Canberra and now replaces the distributron of
sodide tablets to schoolchildren and to expectant and pursing mothers,

Vicroria

Gippsland, the wide littoral area lying between the mountains and the
sea at the south-eastern end of Victona, is the bome of goitre tn this State.
Starting at Metbourne and moving eastwards through Gippsiand for about
200 miles one would find goitre n the following successson of closely
nerghbouring towns and hamlets: Dandenong, Noojee, Warragul, Leon-
gatha, Traralgon, Wathalla, Sale, Bairnsdale, Stratford, Bruthen sn the
Tambo valley, and Buchan and Orbost in the valley of the nver Snowy.
The dustricts of Dargo and Omeo in the Bowen Mountains to the sorth of
prpshnd whcre rainfall s henvy and frequent, are also affected

P fy heavy In Bai one of the chuef
towns of Glpps]and ratcs of 20%, to 33%, 1 boys ang of 323 to 47% 1n
girls were recorded by Sammons "% 10 1927. Of 14 bays between the ages
of 12 and {4 attending the juntor techucal scheol at Sale, 8 had ponre,
Clements’ more recent Gippstand figures (1948).1%° given an Table XXV,
show Inttle, 1f any, mmprovement on the earlier ones.

It will be naticed that the maximum rate 1 boys 1s m the 9-11 years®
ape-group, whilst in gils maximum intensity occurs between 12 and 14
years of age

On the other side of Victora to the west of Melbourne goutre is much
Iess evident, but minor occurrences have been moted in scattered and
localized areas around Ballatat, Geelong, Colac, Bendigo, Ararat, Hamilton
and Warrnambool.

Sauth Austraha

The only endemic goitre area ta the State of South Australa les in the
Adehaide Hifls, part of the Mount Lofty Range 1o the east of Adelaide.
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TABLE XXIi. PREVALENCE OF THYROID ENLARGEMENT AMONG CHILDREN IN CANBERRA

[ agegroun j 6-8 years } 911 years 12.0¢ years
i e
Sex (" tovs gids boys ans vays oitts
Number exsmines | 117 ) 160 o 164
number| % {number] 9 |number] 3% ’numh!r, 5 {number] 9% lnumper %
| Thwouds T ““j““"’ T
paipsble . 2 frea] &t [za]| e }2;7 5 {ssal so [naz) e {m
wisite j 8 {4s] w0 n) 1w {se] w j100] 9 {s1] m Jm
t

Total }ao 89| st ;214 60 [303] 75 (489 89 flu 0y {597

Shortly after the foregoing facts came to light, an 1wdine prophylaxis
praject was started in Canberra under the sponsorship of the Australian
Department of Health, The scheme g of ad 10 pregnant
and lactating women, infants, children and adolescents, once a week, 2
tablet contammg 10 mg of potassium todide. The tablets were distributed
through infant welfare centres and schools, The results over five years
have been reviewed by Clements; 199% 131 Table XXIV shows the per-
centage rate of visible gostre smong Canberra children in the 9-11 age-grovp
at each successtve examination

TABLE XXV PREVALENCE OF VISIBLE GOITRE AMONG CANBERRA CHILDREN IN
811 AGE-GROUP AFTER INTRGDUCTION OF IODINE PROPHYLAXIS

Boys Gists

e e | e e e
Year fumber | Percentage with number percentage with
scamuned | wisinle goitre examined “sibfe gortre
1947 158 { 56 180 e
1268 25 23 25 5o
51 1o 0 124 o
1

s 200 j e 28t g 17 |

; I

In 1951, results from one school were not gvailable, and n 1952 the
survey was limited to children Who had resided in Canberra for the previous
three years. I heless, the sacids hout shows a marked
Jownward trend and the results clearly demonstrate the effectiveness of
this method of gottre prevention and its suitability for infants and young
children whose intake of w0dized table-salt would at that age be neghgible.

Regarding goitre prevention in Canberra, Hipsley ¥ has drawn at‘ten'
tion to the convenience of adding sodized salt to bread at the time of baking,
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TABLE XXV, PREVALENCE OF VISIBLE GOITRE AMONG CHILDREN IR TASMANIA
e BEFORE AND AFTER JQUINE PROPHYLAXIS

! { 1929 survey i 1954 qurvey i

Age-proup i ! reentage | perrentage |

trear) i se Jumber, f Sfﬁ‘ri;st\'&e o ; R ;

1 " - ‘ |

$ | L 0y ] 875 v 503 ’

i &3 M 1218 12 L

' s M1 m an e | e i

{ 1244 M 180 st e 590 !

% 57 " 90 35 e ( 385 :
| s 3 184 27 % 5o
[ [} Foloum 2 %89 1]
1 1t ¥ 134 5% 2133 1258
! 1214 ¥ ' 1675 208 I WM
[ s 3 253 =3 s5 nw

.

TABLE XXVII FRE\IAlENCE QOF VISIE GOH’RE AMONG CHILDREN IN TASMANIA,

14 YEAR OF AGE FADM 5 TD 2 IN 195 SURVE

o ) T Girs

b wese aumher | petcettage with | owmber | gercenaage win

examaed ) visblegotres | ewwmines | waibia gonres

J— e R AT ST A

¢ s uz e 209 ! a2 !

} & s 49 . 10 \ Az ? 1t '
b | 546 . ny | 550 i 14 t
3 : 0 108 ! 450 ! w2z

[ i L

Table XX VL) were strular, ths ¢ in marked contrast 1o the results ebtasned
n the 1949 survey, when there was a 1 diffe n p
between boys and guls, and steep mereases from the youngest ch\ldrcn o
the older age-groups  The 1949 pattern of prevalence was ssmmlar to that
observed n other Austrahian strveys

To find an explananion for these nnexpected nises 1n prnalence durmng a
five-year widine tegame, the 1ty of the was
checked and confirmed, the efficiency of the system of tablet distnbution
was verified, and the over-all prevalence figures for 1949 and 1954 were
subjected to mathematcal andlysis and restudy disinict by district

‘When m this way the country was partiioned 1nto six districts and data
were related stretly to the distnicts o whch they had been pathered, and

3
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This closely scttled farmng region extends to about half a million acres
(200000 ha} and has a population of approsmately 20000 Jungfen,12
who supervised a chuld health survey in the area, found a general goitre
rate m the * 10 years and over " age-group of 21 1%, among girls and 4.1%
among boys  The rates were somewhat tigher (26.6% and 11,19, res-
pectively) in a selected group of *ten-plus ” children who had been bom
in the Adelaide Hiils and had been permanently resident there up to the
fime of Jungfer’s survey.

Western Austraha

“ Goitre 15 not a problem of any smportance m Western Australiz
Hospital records show very few cases and no evidence of endemic areas
m the State " Thus by the C: of Public Health (1843}
13 confirmed by Clements, '™ who writes that despite a dehiberate search for
goutre 1n the south-western corner of the State where a number of trace-
element deficrency diseases occur in antmals, endemic gotre has not been
recorded

Northern Territories
There are no reports of gostre occurrence 1n the Northern Terntones of
Austrahia

Tasmarsie

Practicaily the whole of Tasmama s gotrous The disease has been
known i the 1sland since the last century, but the first senous study of the
problem was not made unti} 1949, when Clements examined §000 school
children and found visible goitres i approvmately 654 of bays and 207, of
grrls 1n the age-group 12-14 years He also noted that at Jeast 20 in every
100 adult women had a gottre, and pomted out that the annual death-rate
from thyrotoxicosts 1n Tasmanta had been sigaificantly higher than the
Australian average for at least 70 years, 12, 18

Accepting world expenence that endemic gotre 15 due to iadequate
dwetary 10dtne intake, 2nd following the Canberra precedent noted above,
Clements ded n 7 ing a p scheme whereby fablets,
cach containing 10 mg of potassium sodide, were distributed by the health
authonitics 1o all children up fo the school-leaving age of 16 years In 1954,
five years after the prophylactic procedure was introduced, a second survey
was made to determine 1ts effects This mvolved the examsnation of some
20 300 children between the ages of 5 and 17 years  As may be seen from
Tables XXVI and XXVH, the results were almost entely conteary to
expectations, .

In the first place, the 1954 survey showed a marked increase in goure
prevalence among both boys and guds in each age-group, with the exception
of girls 12-14 and 15-17 years of age. Secondly, the goitre rates for each
year of age m both boys and girls from $ to 8 years in the 1954 survey (see
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experimentally to humans and to lsboratosy animals clearly interfered
with their ™ uptake; and the fact that marked thyroid hyperplasia deve-
loped 1n calves born of cows which had been fed on chou-mocthers. Evidence
was also fortk that stk ining a gottrogen could be produced
by cows grazng on pastures heavily contammated with certain cruciferous
weeds,

Final proof of the hypothesis set up by Clements & Wishart 3¢ requires
he actuatsok of the g from mik and a demonstra-
tion of ws ant-thyrowd potency on human subjects Nevertheless, thew
findings are more than indscauve that much of the goire in Tasmania 5
due to goitrogemc wterference with a vital s!tp in the synthess of thyrovtne
which cannot be by 1odine ad Clements & Wishart
are careful to stress, howeser, that this does not affect the fact that a large
amount of the gaitre enderme sn Tasmama and elsewhere m Australia s
due to ward sodine d and 15 therefore amenable to0
wodine preventive measures

Such was the positton in 1956 Since then, a systematic imvestigation of
the thsoglycosides {and thewr aglycones) of chon-moelher and of cruciferous
weeds prevalent as contammants of pastures in gortrous arcas of Tasmana
and southern Queensland has been made by Bachelard & Trikogus 13
n association with the Gowtre Sub-Commttee of the National Health and
Medical Research Councif  They h:ne d in 1ok
cafled {y-methylsulp ylersott ate) from the frust
and leaves of turnip weed (Rapistrum rugosum) and, by expeniments on rats,
have proved 1t to be goitrogeme. Further work ss in progress ta determune
whether this and other isothiocyanates can be absorbed and transferred
to the mik of cows grazing on pastures contammated with cruciferous
weedy

Turmp weed {Rapustrumt yugosum) grows profusely around Warwick
n hi Q land and it 1s that endemic goitre among
cildren in this area oeevrs only in the valleys where furnip weed 1s profific
Comparattvely large doses of potassiem iodide (10 mg twice weekly) are
without effect upon epidemic gowre caused by gom'ogms of ths type.
Ad: of thyrotd sub 15 the prefe

method
{Clements 1315}

On the question of prophylax:s and treatruent, an observation by Cle-
ments 1 remains if Fol the d

of gaitre among
chidren at Hopawuod House, Bowral, south-west of Sydney, a number

of changes were suggested in the diwtary regime, mcluding the substitution
of odized salt for powidered kelp which had been gwen on account of sts
todine content and as the sole soutce of sodium chionde At the next
examination, some six months after the change, a notaceable reductron 1n
the mze of the enlarged thyrowds was seen  Experiments to determune
whether the kelp da b proved negative
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not lumped with others for the 1sland as a whole, 1t was found that 1n three
districts there had been a general fall in prevalence since 1949, proving that
iodtne had been effectively domng its work, but that in two, or possibly
three, other areas there had been a steep nise. The over-all risc in prevalence
seen 1n the figures as a whole was due to the sharp rises in these three in-
dividual areas. The district-by-district analysis of data also confirmed the
mimproved rates among older girls, and established that the higher rate
among young children 1n [954, as compared with 1949, was real and not
due to some error of diagnosis or irregulanty in the distribution or altered
potency of the todide tablets. This feature remained the most remarkable
of the 1954 survey.

These findings led Clements & Wishart 131 to consider the possibility
that there might be two causes of goitre 1n Tasmamia—a straightforward
wodine deficiency operative 1n some districts and a goitrogenic agency
predomnant in others Strong support for the goitrogen hypothesis was
found 1n two interrelated sets of circumstances. In 1950, just one year after
prophylaxis by 1odide tablets began in Tasmanta, the Commonwealth
Government introduced a free-milk scheme for schoolchildren to stimulate
mitk consumption throughout Australia for health reasons To meet the
increased demand for milk occastoned by this scheme, particularly in the
autumn and winter months when cows are usually dried-off, farmers were
obliged to keep therr herds 1 production all the year round. Accordingly,
they extended their plantings of chou-moellier (Brassica oleracea var.
acephala, marrowstem kale), a crop available for direct grazing through
the winter monthis when grass 1s burnt off by frost

Between the years 1948 and 1953 the area 1in Tasmama sown to chou-
moellier increased from 83 acres (34 ha) to 235 acres (95 ha) and the quantity
of chou-moellier and kale sced sold in the country during these same six
years wcreased from 23 7 to 214 9 hundredweights (from about 12 to 110
quintals) The districts where chy Hlier cultivation d most were
found to correspond exactly with those where goitre incidence had increased
between the 1949 and 1954 surveys

Chou-moellier belangs to the Brassica genus, members of which may
contain the goitrogen -5-vinyl-2-thio-o Iid Since the goj
activity of this substance may be destroyed by heat, and since all vegetables of
the Brassica genvs caten directly by Tasmamans are cooked, Clements &

it A amily

for therr point of view, This included the fact that the nise m goitre rates
among young children ded with their i d of milk
under the free-milk scheme; the fact that regular weekly doses of 10 mg
of potassium jodide failed to prevent the development of goitre iq these
children; the fact that milk from chou-moeliter-fed cows admunistered
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experimentatly to humans and to laboratory anmals clearly interfered
wath their 1% uptake, and the fact that marked thyrord hyperplasia deve-
toped in calves bora of cows which had been fed on chou-moelher. Bvidence
was also forth that mlk ¥ ag could be produced
by cows grazing on pastures heawly contaminated with certamn cruaiferous
weeds

Froal proof of the hypothesis set up by Clements & Wishart #¥¢ requires
the actual ssolation of the gontrogenic substance from mitk and a demonstra-
tion of its anti-thyroid potency on human subjects. Nevertheless, thewr
findings are more than indicative that much of the goitre in Tasmama s
due to gostrogensc mterference with a vitat step n the synthesis of thyroxine
which cannot be by sodine ad Clements & Wishart
are careful to stress, however, that this does not afect the fact that a large
amount of the gotre cadenmue i Tasmama and elsewhere 1 Austraha 15
due to straightforward sodine di
soding preventive measures

Such was the posttion 1 1956 Since then, a systematic mvestigation of
the thioglycosides {and their agly } of ch {her and of or
weeds prevalent as contamsnants of pastures in gostrous areas of Tasmama
and southern Queenslaud has been made by Bachelard & Trikogus 190
m assocration with the Gottre Sub-Commuttee of the Natonal Health and
Medical Research Counctl They have m tsok a
calted cheiroline (y il h from the {ruit
and leaves of turnip weed (Rapmmm rugusum) and, by expenments on rats,
have proved it to be goutrogenic. Further work 1s 1n progress to determine
whether this and other othiocyanates can be absorbed and transferred
to the milk of cows prazng on pastures comtammated with cruciferous
weeds

Turmp weed (Rapsstrum rugosum) grows profusely around Warwick
m southern Q land and 1t 1s that goitre among
children in this area ogqurs only i the valleys where turmp weed is prohfic
Comparatively lasge doses of potassium iodide (10 mg twice weekly) are
without effect upon epidemic gaitre caused by goitrogens of this type
Admmstration of thyroid substance 1s the prefesred therapeutic method
(Clements 13%)

On the question of prophylaxis and an obsesvation by Cle-
tents B remains plamed  Folli g the d of goitre among
chiidren at Hopewood House, Bowral, south-west of Sydney, a number
of changes were suggested 1 the digtary remme, mcluding the substuution
of wdized salt for powdered kelp which had been given on account of its
wdine content and as the sols source of sodium chionide At the next
examunation, some six months after the change, a noticeable reduction in
the size of the enlarged thyrosds was seen  Expenments to determine
whether the kelp d 2 gostrogense sub proved negative,

'y and 15 o
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Ammal gottre in Tasmania

An outbreak of congemtal goitre 1n lambs on alluvial niver flats in the
Huon valley south of Hobart was reported by Southcott 132 1n 1945, Since
then occurrences have been noted (n the Derwent valley and at several
places 1n the southern midlands Goutre also appears to be prevalent
among farm horses in T: and 1 cases of iodine
deficiency have been seen in calves tn various districts (Green 1917)

New Zealand

Gortre 1s endemic 1n both the North and South Islands and affects
Maors and Europeans afike  There is a tradition that the malady was in
evidence among the Maon peoples long before the beginnings of Bntish
settlement; their language has for many generations contained the word
“tenga " (sometimes *tena ) meaning goitre 1331, 1335 Among European
colonsts the disease was first mentioned 1n 1882 by C Nedwill (cited by
Hercus 13) who noticed its frequency in and around Chrnstchurch In
1889 (1invanably grven wrongly as 1888), Hacon 1343 recorded the widespread
occurrence of goitre throughout the Provincial District of Canterbury, and
from inquiries d d 1n 1910 Colquh 1337 luded that the whole
country was goitrous Greenwald 132 asserts that no credible evidence
exsts that goitre was a disease tn New Zealand before the advent of Euro-
peans He adduces this as sound argument against the generally accepted
modern view that endemic goitre 1s a consequence of environmental 1odine
deficiency

Medical inspection of recruits during the 1914-1918 war, when 1680
men out of 135000 examined were rejected for active service on account
of goitre, brought the problem more directly to public attention and system-
atic surveys were thereupon undertaken In 1920 Hercus & Baker'**

d 15000 schoolchildren 1n the age-group 5 to 12 years in Canter-
bury and Westland (South Island) to find 32% with markedly enlarged
thyroid glands and a further 29% with glands sufficiently palpable and
visible on deglutition to constitute pathological enlargement This pre-
Limnary survey was later greatly extended to cover many thousands of
children in both the North and South Istands and medical examination was
coupled with chermcal determinations of 1odine 1n a large number of re-
presentative soils and waters collected throughout the entire Dominton
(Hercus and co-workers; 134, 1947, 1349, 1330, 1333, 1358 Shore & Andrew '
1362
In these surveys the southern section of the South [sland (Otago and
Southland) showed an average goitre rate of 26% nsing to 307 and 40%
in the Taieri and Clutha valleys west and south-west of Dunedin In the
central and northern portion of South Island (Canterbury, Nelson, Marl-
borough) the rate was much higher, exceeding 609 1n South Canterbl{ry
and around Christchurch  Observations at the government maternity
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hospual sn Christchurch revealed 609, of mothers with godre and approxi-
mately 8% of batues born with thyrod entargement, semetimes 1o & degree
sufficient to interfere with normal flexion of the head at delivery.

The North Istand P t Distncts of Tatanaki and
Hawke's Bay had an average goitre rate of 219 there were black spots
10 the Hutt valley (41 %) north-cast of Wellington, and 1 the west coastal
county of Wanganut, where the rate reached 46%, Other fanly goutrous
districts of the North Island were found s the moumtainous pants of Auck-
fand, where sates of 30% were recorded among schoolchildren i the
Counties of Taupo and Rotorua, and in the Watkato and Piako valleys
to the west of Rotorua. Shore & Andrew ™2 record rates of 47% m boys
and 56% wn girls at Gisborne  Only New Plymouth in the west of Taranaki
Provincial District, and the Tharmes and Coromandel peninsula 1 the north
of Auchland, have rates under 10%

The 1odine analytical determinations yiekded data which fully sustain
the sod; theary of Though were encourt-
tered, the whole body of facts was 100 large and the wverse relationsthup
between gmtre prevalence and environmental sodine supply too consistent
o be fortutous. Broadly speaking, it was found that in New Zealand
1odine 18 lowest and gostre fughest on the recent affuvial soids of niver
salleys, on porous sotls denved from sihiceous volcane rocks, and on
marne sand: and d: deed, on alf clayless sandy soifs and
gravels from which 10dine 1s casily leached out by weathening By contrast,
goitre is {ow and joding hugh 1 regrons underlam by igneous rocks (grante,
basalt, andesite) yielding clayey soils and fertle brown or red loams nich
w odine

As a result of these exhaustive mvestigations, rodized salt was officially
introduced wnte New Zealand on a voluniary basis 1n June 1924, At first
the salt was inadequately fortified at a level of | part of potassium ot sodum
tadde m 250 000 parts of salt  Three years later, wide and detaled tnquunes
in grocers” shops and i a representative sample of Canterbury homes
revealed that of alf salt bought for table and culinary purposes onfy §% was
of the jodized varicty By 1934, followmng a vigorous educational campasgn
by the Department of Health, the proportion had nisen 10 30% In 1940,
yielding to the pressure of enlightened medical opnton, the New Zealand
Government rarsed the todide standard to 1 part m 20000 parts of salt,
and the New Zealand Medical Research Council’s Thyrosd Research Com-
mutee recommended that salt sodized m this proportion should become
the standard domestic salt of the country and that non-jodized salt shoutd
be supphed only to peaple asking spectfically for st Although this policy
has not yet been wholly adopted, app! 1y 80% of the pop

today use 1wdized salt of the ¥+ 20 000 strength, at least at table

Desprte the fact that the more potent salt (1. 20 G00) was not introduced
untl 1942, a notable dechine 1 the prevalence of thyroid enlargement

on
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among schoolchildren had already become apparent by that tme, In 1951
Tolley ¥ made a survey of the ehildren Living in the South Canterbury
and North Otago schoo! areas with the object of comparing the prevalence
among them with that found by Hercus and others 25 years previously.
She found the average rate for both these districts to be 25 %, as compared
with 627 1n 1925 The almost complete disappearance of gross goitrous
enfargements accounted for most of thus fall On the other hand, Tolley
found that the number of “incipient ™ enlargements (ie., palpable and
small visible goitres) was sull relatively high, indeed somewhat higher than
the [925 figure. From this she concludes that esther the iodine intake is
still too Tow, even with salt 1odized at the 1:20 000 level, or that some
unknown factor 15 résponsible,

Reviewing Tolley’s results in the light of thetr own experience, Clements
& Wishart 1318 suggcst that the residues of mncipient gortre may be due to
the action of a goitrogents substance of a character symilar to that suspected
to operate 1n Tasmania (see page 194). They recall that in New Plymouth,
at one time regarded as virtually goitre-free, the rate of wisible thyroid
enlargement among children rose from less than 2% m 1927 to 53% in
1933 (Meoredy, 1356 Shore & Andrew 1#01), Chou-moellter, along with other
species of Brassica, has been grown in and around New Plymouth for many
years. It may well be that changes in the pattern and extent of Brassica
cultivation, or of the cultivation of other possibly gortrogensc crops, have
not been sufficiently 1nvestigated in relation to goitre oceurrence m New
Zealand.
Animal gatre in New Zealand

Domestic animals gre not exempt from thyroid disease 1n New Zealand.
Hercus 1315. 131 has seen goitres, somelimes of large size, in sheep, catile,
pegs and dogs—especially fox-terriers In raging stables cases have been
known of horses developing goitre dunng traimng  Of particular saterest
has been the occurrence of epidemc thyroid enlargement n lamibs ¥
1339, 1355, 23 Symptoms suggesting acute todine deficiency among sheep
led to serious loss of Jambs in the Wanaka district of South Island jn 1929.
The trouble was overcome by means of 10dized licks.1%% More recently, 3
severe outbreak of goitre jed by heavy tal mortality 10
lambs from kale-fed ewes bas been described by Sinclair & Andrews ™ A
few moderate cases were also observed among Jambs from pastureed
ewes, but these did not appear to be associated with unusual mortality
In both pasture-fed and kale-fed groups goitre was presented and fhe 104une
status of the lamb thyroids rassed by dosmg the ewes with potassium 10&ide
during pregnancy.

South Pacific Istands )
Absolute proof that goitre can be endemic 1n an extreme maritume
environment is found in the South Pacific, Proximuty to the sea does not
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necessanily protect akf the peoples mhabiting the islands d througt
the 18 mudkon square mules of ocean {rom the Marnanas i the north to
Norfolk Istand and Pitcawrn Island wn the far south. The disease occurs
m Fip and cases have been reported from Tonga, Samoa and the Cook
Istands,

Fye Islands

A survey by members of the Otago Medical School, New Zealand,
found goitre endemitc m the valley of the Singatoha, the sccond largest
et in the 1stand of Vits Leve  Many vitlages contaimug both Fipans and
Induans are dotted along 15 banks, and sumple gosire is endenmc 1n both
races, except m the Fipan villages near the mouth of the nver where much
sea-food 15 gaten (Hercus ¥94) L Wil (personal commumecations, 1950
and 1951) also reports “ plenty of gontre alf round the 1sland 1 spite of
fish and manne hfe in the menu ™ She saw many vusibly enlarged thyrosds
among pregrant Fipan women

Growing concern at the app by goitre ncid among
the Indian population 1 western and northern districts of the Colony has
prompted the Sowth Pacific Health Service 10 make sodate-foruficd salt
avaslable m Pt
Tonga or Friendly Islands

Accosding to the Chuef Medical Officer % and to Simmons, ¥ Tongans
extubit a certain amount of goitre which points to sodine deficiency Some
fish 15 eaten but not a quantity farge enough to supply the full iodine require-
Taent.

Samioa and the Cook Islands

Occasional sporadic cases of simple gotre have been reported from
Samoa and the Cook Islards, but the smeidence s so low as 1o ment the
term gostre-free being apphed to these sslands (Hercus 3394, In a thorough
nutriton survey of 385 Cook Istanders of alt ages chosen at random tn
66 famuly groups from the village of Arorangi on the 1sland of Rarotongs,
Faine & Hercus 3 noted only one muld case of thyrowd enlargement, the

large consumption of fish and sea-foods must provide a sufficiently high
todine ntake

Hawaiian Islands

Gowtre 15 not endemic 1 the isfands of the Hawauan group, never-
theless, the non-toxic nodular vanety 1s by no means rare Examimation
of hosputal records by Freeman 137 revealed this type of goitre 1n more than
259 of 423 panents who had undergone thyroid surgery at The Clinte,
Honolely, duning the twenty years to 1950

Severat studies have shown that there 15 sufficient sodme m drinking~
water and tocal foods s Hawan to prevent thyrod disorders that might
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result from lack of 1odine. A conjecture that the high frequency of cleft
palate in Hawaiian children might be associated with Jow metabolic rate
m thetr mothers was proved by Henderson & Krantz 1% to be unfounded,
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HEALTH SIGNIFICANCE
OF ENDEMIC GOITRE
AND RELATED CONDITIONS

F. W. CLEMENTS, M.D,, D.P.H,, D.T.M.*

NATURAL HISTORY OF ENDEMIC GOITRE
IN AFFECTED PERSONS

The Enlargement Process
Age of onset

Gotre can oceur at any 3ge i a person living in an endemuc area. In
localities where the maidence 1s hugh 1t 1s not uncommon for babtes to be
borne with a goitre In other areas, where thus does not occur, pre-school
children may have a visible enlargement of the thyroid gland. The highest
mcidence of endemic goitre 1n most goitrous areas occurs 1n girls 12 to
18 years of age, and 1z boys 9 to 13 years of age. Where an enlargement
of the thyroid does not occur before school age 1t 18 reasonable to assume
that the supplies of todide available in the particular localty are sufficient
to meet the requirements of the child for a certain number of years after
burth, but for 2 hugh percentage of children there comes a time when the
needs of growth or of other physiol 1 events—for mple, the onset
of puberty and the taking of vigorous exercise—create demands for the
thyroidal hormone which cannot be satisfied with the Limited amounts
of 1odide available, and compensatory enlargement of the thyroid gland
follows

An interesting observation, that has not yet been satisfactonly explasmed,
1s that even m the most goitrous areas of the world not all people suffer
from thyroid enlargement McCarnson 7 found only about 90% of the
population of the Gigit Valley 1n Kashmur affected, and he considered this
one of the worst-affected areas in the world. In many other hughly goitrous

* Semor Medwal Officer 1n Charge, Social Paediatrics, The Institute of Chuld Health, University of
Sydoey, Australia

A
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regrons not more than 50 of the female adol and adult populati
have a goitre  If a simple goitre does not appear during childhood or
adolescence it 1s rare for it to make its first appearance in adult males, but
it 15 not at alf uncommon for this to happen to women durtng pregnancy
or Jactation  Lawson Tait 1 was one of the first to recogneze the “step-
wise " enlargement of the gland 1a women with each succeeding pregnancy.
When people, and especrally children, move from a non-gottrous area to a
gottrous place, a sigmficant npmber will develop a goitre, some within
six months of arnval,¥? others not for three or four years,it!

§t should be appreciated that sporadic gortres, md, hable climcally
from those occurring i endemic areas, are found m up to 4% of pre-
adofescent and adolescent girls in non-goitrous areas. Some writers con-
sider this condition a physiologicat enlargement  This is true in the sense
that 1t rep an inereased physiological demand for thyroidal hormone,
but basically the enlargement is an expression of an inadequate supply of
todide in these children at the final stage of hormone synthesis  In such
gurls there may be some constitutional factor which resuits in high fodide
TRMrEmEnts,

‘The hyperplastic phase
The wntial enlargement of the thyroud 15 the ditect result of the relatively
prolonged action of one of the N of the thyrord fati
hormone (TSH) of the antertor prtuitary gland on the cells of the thyroid
Tt 15 generally agreed that the increase m the amount of TSH in the blood
15 the outcome of a lower than normat concentration of thyrordal hormone
in the peripheral blood actmg upon a semsityve mechamsm in either the
prtuitary gland or the hypothalamus * The low concentration of thyrowdal
hormone in the blood 15 due to nsufficient 1odide beng avatlable for the
manufacture of the hormone
Chmcally, this type of enlargement presents as a uniform soft swellng,
usually mvolving most of the gland, although occasionally one lobe 15 more
enlarged than the other The hyperplastic phase is of relatively short
duration, and 1t 15 not often that the physictan has an opportumty of
examining the gland while the enlargement 15 actually n progress  Once
the hyperplasia has reached the stage when the 1odide bemng trapped
by the gland is equivalent to that trapped by a normal non-enlarged
gland, the gland structure stasts to change to a collosd gostre.
Histologically, the wutial enlargement consists of hyperplasia of \h}
celfular components of the acin. The normal rounded acim with their
T ™ ve- - - S gorted by mgrowths and
y the outcome of intense
+ capasity of the gland to
The amount of stamable
nck 8 has described the

éo!ioid is seduced by the cellular overgrowin. nlit
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microscopical appearance of the thyroid glands from 10 mfants and children
who had gross enlargement of the gland which mterfered with breathing or
caused death by suffocation These glands were apparently 1n the stage of
acute hyperplasia  Most of the follicles were obliterated, or sht-ike  The
cells hining the follicles were columnar, tall, and closely packed together
Subendothelal masses of hyperplastic thyroid cells were found in some
cases. Klinck believed these changes to have been brought about by the
action of a gottrogen

If the cause of the hyperplasia 1s removed, be it 10dide deficiency or the
action of a goitrogen, while the gland 1s 1n this phase 1t sometimes becomes
smaller, and may even return to normal

‘The colloid goitre

This 1s the resting stage of the gland and 1s the condition of the goitre
felt 1n most children with an endemic goitre  Chinically, 1t 1s indistinguishable
from the gland during the hyperplastic phase, betng a umform soft enlarge-
ment Histologically, the gland 1s a mixture of hyperplasia with the return
of colloid to the acint  The ratio of hyperplasia to collord will vary through
the full range. The collowd gortre reserables the normal gland except that
the luminae of the acin are larger and the walls are reduced to a thin layer
of flat cubicular cells Tn most glands there are projections of the cellular
linings of the acint mnto the colloid, these are presurnably the remnants of
nfoldings of the epithellum during the hyperplastic stage  The total 1odide
content of colloid goitres approximates to that of normal glands, but the
concentration of the 1odide (measured m terms of dry gland) 1s significantly
Iess than in the normal gland—0 1% 1nstead of about 029,.%

Theoretically, once a balance has been established between the rodide
demands for thyrotine synthesis and the supplies available at this partreular
stage 1n gland function, there should be little or no change n the size or
histology of the thyrord—so long, at least, as the physiological status of
the person remains unchanged In chinical experience, however, this seldom
seems to happer  Both the supphes of 1odide at the site of synthests of
thyroxine and the demands for the hormone fluctuate, with the consequence
that there are periodic burssts of hyperplasta, often 1n localized areas of
the gland, hence the frequent occurrence, histologically, of hyperplasia
adjoining areas of colloid in the same gland When supplies of jodide
1ncrease, or the physiological demands for the thyroidal hormone decline,
portions of the gland undergo involution

Since the process of thyroid enlargement 1 the hyperplastic phase and
the maintenance of the resting (colloid) phase are designed to meet
the normal physiological needs of the body for thyroidal hormone, 1t

follows that these stages, at least, of endemtc goitre are assocrated with
euthyrordism
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Adults who move into a goitrous area from a nom-geitrous region
oceastonally develop a colloid goitre for the first time. The sequefae are
similar to those noted for endemic goitres arising in chiidhood,

Variations in Prevalence of Goitre in Children

By localities

The Study-Group on Endemic Gortre, convened by the World Health
Orgamzation m 1952,'* suggested that the most conventent age-groups
for the study of the prevalence of endemic goitre 1a a locality are the new-
born, schoolchtidren and service recruits A number of surveys have been
made m different parts of the world on schoolchildren and, although the
standards used by the investigators may have differed, rendering strict
comparnison impossible, the figures do offer some idea of the vanation in
prevalence A sample of the results of surveys which lend themselves to
companson is given i the table below. Unfortunately, the results of many
surveys have not been recorded by age and sex.

VARIATIONS IN PREVALENCE OF VISIBLY ENLARGED THYROIDS IN
THREE AGE-GROUPS IN DIFFERENT LOCALITIES

Prevalence (%)

vl
<mm§“§ﬁic!ois§r{sln('J._L

Mates
68 (1] - 27 ) 88 | 39 &0 } 134 ] 43
841 12 } 31 f 54 t ~ ‘ -~ f 190 1 975 ’ 58
1214 38 50 33 ]razeel 93w | 160 | 131 | s1
Famales
&4 18 ~ 87 | to2*y se* | &5 | e 54

11 49 52 136 - - 145 252 100
1244 530 | 148 { 120 | 182%% 109 214 | @47 | 195

A Cincinatti, Ohio, USA * F New Zealana

B Qregon, USA ™ B Victona, Australia®
C. Tennessee USA™ H Canberra, Australa™
D gf Satvador ' I Tasmaniz, 1949

E Belgian Conga ** J. Tasmania, 195"

* Age-group 5-9 years ** Age group 10-14 years
The sex difference is marked 11 most localities, and there isa Wide. range
of prevalence. Localities A and B were surveyed by the same u}vesn'g:uor,
as were localities G, H, I, and J. The Gippsland District of Victoria (G)
is an area of ugh endemicity compared with Cincinnati and Oregon.
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Secular trends

Waorkers in widely separated parts of the world have reported an 1n-
crease in the incid of end goutre foll the First and Second
World Wars. Such an increase apparently occurred in Eastern Europe,*
Western Europe,® % % England,”® Taiwan,'t and New Zealand.® In this
connexion it is of interest to read in Hirsch’s work ¢ the records of ept-
demics of goitre in France at the end of the eighteenth and in the early part
of the nineteenth century. Vanous explanations have been offered for these
“ epidemics ", including changes n the food and water supply, and specific
defictency of iodine. No direct ewvidence has been brought forward in
support of these various claims,

An annual epidemic of goitre in children attending three schools in
Southern Tasmania has recently been studied.3? It was noted that the same
children appear to be affected each year, and these constituted some 30%
of those studied. No differences were found mn the physical environment,
economuc status, way of hfe, dietary pattern, or mulk consumption of these
children compared with those who had a normal thyroid gland throughout
the period of study (boys, 18%; girls, 25%) and those who had a constantly
enlarged thyroid (boys, 29%, guls, 22%;)

The seasonal increase in size appears to coincide with the spring flush
of pastures and weeds, and lends further support to the hypothesis advanced
by Clements ** that a food gostrogen present in the milk and originating m
weeds or fodder 1s responsible for the epidemics  There was some evidence
that susceptibility to the food goitrogen may be an inherent charactenstic
of the children affected.

Sequelae of Colloid Goitre in Childhood

After introduction of prophylactic iodide

‘When increased amounts of 1odide are given to children with an estab-
Iished endemsc goitre, which 1s usually predomunantly 1n the collord phase,
the gland frequently becomes smaller and, while remaining umform 1n
conststency, becomes firmer. In the author’s experience a well-estabhished
goitre, 1r chuldren hving 1n an area where goitre has been shown by 10dide
prophylaxis to be due to 1odide dcﬁcxency, does not usually dAsappear even
with the )l d of of
todide  Similar results have been reported from southern Hungary, where
only 16% of chuldren with enhrged thyraids responded to 1odide therapy.11®
However, Eugster 3 reports that “ 76 per cent of (he people who moved
to a gortre-free region lost their goitre after 20 years ”. The possibility that
in some localittes simple goitre may be due to the aclmn of a goitrogen
mught explain this dsappearance  When the goitrogen ceases to operate
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the gland becomes smaller. This was observed to happen with a number
of drugs which had been prescribed for a variety of conditions and which
were found to produce goitre The goitre disappeared on cessation of the
therapy, this has been recorded for 1odides,” 77 1% resorcinol,®® and thio-
cyanate 5. %

If a well-established goitre due to 10dide deficiency is detected in a
young child and adequate 10dide prophylaxts 15 continued throughout the
remainder of the growmg period, the thyrowd gland increases little in size
compared with the over-all growth of the child, so that such children may
reach adulthood without a vistbly enlarged thyrord If the prophylaxis 1s
continued throughout adult Lfe, special attentton being paid to the in-
creased demands during pregnancy and lactation, 1t is unlikely that un-
favourable sequelae will occur either 1n the thyroid gland, in the general
health of the person, or in the growth, development or health of sub-
sequent generations

The introduction of adequate prophylaxis in a goitrous area brings
about a sharp fall in the incidence of goitre in children, as numerous workers
have testified 15 33 98, 56, 78 81,100,307 A careful study, made by the author
over a number of years, of the child population of a city 1n a moderately
severe goltrous area revealed that the drop 1n mnctdence was largely due to
prevention of the development of goitres 1n children as they moved into the
age-groups usually affected, and to the prevention of palpably enlarged
thyroids from becoming visibly enlarged.

Effects of treatment with thyroid

An 1interesting development, several years ago, was the re-discovery,
by Greer & Astwood,*® that the admimstration of thyroid preparations to
children and adolescents brought about the disappearance of visible goitres
As Greer & Astwood point out, this fact was established by numerous chnt-
ciaps, mainly i Europe, 1n the 70's and 80's of the last century, and was
then lost sight of for over 70 years A group of workers * 1n Czechaslovakia
recently had a similar expenience with thyroglobulin  The wisdom of this
form of treatment and prophylaxis could be questioned; the results are
presumably achieved by suppression of the secretion of the TSH of the
antertor pituitary by mai ing an ad blood-level of thyroidal hor-
mone from exogenous sources. One wonders how long this form of treat-
ment could be continued without permanentfy affecting the capacity of the
anterior pituitary to produce TSH.

In absence of treatment or prophylaxis
When additional 10dide 15 not taken or treatment along lnes stmular
1o those indicated above is not given there is usually a progressive enfarge-
B o d
ment of the thyroid gland with ad g age through In many
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localities with a hegh incidence, a marked increase wn size occurs m guls
in the pre-adolescent phase up to the menarche, These girls frequently
exhuibit an increase in thyroid size with each menstrual pertod for a few
years. The progressive increase in size stops somewhere between 15 and
18 years of age. The author has not recorded a pre-adolescent spurt in
gortre size in boys. Stocks 1 collected together the results of surveys made
by a number of workers and related the prevalence of thyroid enlargement
at various ages to the prevalence at the age of 12 years. These he com-
pounded into a single set of figures for each sex  His results are expressed
graphucally in the figure below

INCIDENCE OF THYROID ENLARGEMENT AT VARIOUS AGES, EXPRESSED IN TERMS
OF FREQUENCY AT 12 YEARS OF AGE *
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* Graph drawn from data compiled by Stocks 1

It can be seen that there 1s a nse in the rate of thyrord enlargement
up to 12 years of age in both sexes, and that this continues in the gils mto
early adult life However, in boys the rate commences to fall after 14 years
of age, thus confirming the clinical 1mpression that many youths lose their
goitres in adolescence and early adult life.

From adolescence onwards a
indicated 1n the next section

16

goitre behaves in one of the several ways
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Sequelae of Fndemic Goitre in Adults

Development of a nodular goitre

The chimieal experience of physicians in gottrous areas 1s that although
simple goitres often disappear m adult males, it 15 not common for this to
happen 1n adult females, particularly those who bear children. Regutar,
adequate 10dide prophylaxis agamnst endemic goitre 1s frequently difficult
to maintain i many highly goitrous areas From the clinical histories and
the appearance of the thyrotd it would seem that goitres in women repeatedly
go through periods of hyperplasia alternating with the resing phase, with
subsequent involution leading to the formation of nodules within the gland
substance.”

The nodules may be single or multiple; the latter are more often scattered
wregularly throughout the gland tissue than distnbuted symmetrically
Small nodules are not easy to detect chinically and frequently are only
found at operation, biopsy or autopsy. Large nodules may produce pressure
symptoms, especially those n the lower pole, which if on a pedicle may
become a true intra-thoracic goitre.®* Wegelin''? found that nodules were
rare 1n children under 10 years of age In a survey of some 22 000 school-

hild mn T 1d d nodules 1n slightly less than 2% of the
children between 9 and 15 years who had a visible goitre. Nodules become
increasingly common after 15 years of age, and the prevalence of nodular
goitres varies from one section of the population to another. Histologically,
the repeated alternate hyperplasia and nvolution results 1 a marked
1ncrease 1n connective Lissu¢ 1 the stroma of the gland, and the arteries
often show progressive endarteritis with a corresponding reduction i the
supply of blood to the acim, which degenerate to collowd retention cysts;
sometimes these cysts are of enormous size ' The cells limng them are
flattened to such an extent as to suggest that there could be very little or
no activity

Macroscopically, the cut section of the thyroid often suggests that the
nodule 15 encased 1n a fibrous capsule; this is not a true capsule, but merely
the arrangement of the hypertrophied connective tissue, some of which 1s
seen to contamn remnants of glandular matersal

In some goitrous arcas the processes of alternate hyperplasia and
involution occur so frequently that the outcome s a very large nodular
goitre hanging down on to the chest wall. These goitres often contamn cysts, .
some of which, on section, are found to be haemorrhagic. e

Persistence of a colloid or nodular goitre with cuthyroidism

This is the usual sequel, at least in one phase of an endemic goitre. The
only disadvantage 15 the acsthetic one Chinical experience, once again,
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suggests that this is more likely to happen dunng the third and fourth
decades of hife, for in later Lfe a signtficant number of people, especially
women, suffer from muld degrees of myxoedema.l*

Persistence of a colloid or nodular goitre with bypothyroidism

Many of the earlier textbooks claimed that, by defimition, endemic
goitre 1s always associated with euthyroidism. This 1s undoubtedly true of
the uncomplicated endemic goitre durng the hyperplastic and colloid
phases, but once degenerative changes with the subsequent formation of
nodules occur it 15 reasonable to argue that the condition 15 no longer
endemtc goitre  The progressive destruction of epithehal elements by the
overgrowth of the stroma and the pressure of enlarging colloid spaces
gradually reduce the capacity of the thyroid gland to produce thyroxine.
Because the processes of hyperplasta and involution are more frequent
in fernales than 1n males, often bemg associated with repeated pregnancies,*
it 1s not surprsing that myxoedema of this origin occurs much more fre-
quently i women than m men; Osler ® gives the relative proportions as
about 6 : 1. This form of myxoedema, because of its slow onset, is difficult
to detect Since the devel of this di 15 generally postponed
until the fifth or sixth decade, the accompanying reduction of physical and
mental activity 1s often attributed to age by the patient and her friends.
Phystcians with long experience mn goitrous areas are aware of these changes
in many of their female patients with long-standing goitres.

Clinseally, the signs and symptoms of myxoedema which anses n thrs
way are not different from those described 1n textbooks; 1t is probable that
much of the earlier descriptive material was drawn from patients with
myxoedema of this origin,

Development of secondary thyrotoxicosis

Several writers have drawn attention to the possitbility that endemc
goitre predisposes to secondary toxic goitre  The evidence 1s indirect and,
while 1t 1s not conclusive, 1t nevertheless strongly supports such a hypothesis.
Campbell 1* compared the distribution maps for thyrotoxicosis and endemic
goitre 1 the British Isles and concluded that * in the British Isles exophthal-
nue gortre 15 more ltkely to occur in connection with an area of endemic
goitre ™ McClendon ™ showed that in North America the geographical
distribution of thyrotoxicosis comcided with the areas of hugh mcidence of
endemic goitre The same author worked out the number of cases of
exophthalmic goitre per 100 cases of endemic goitre for various zones jn
Europe This analysis failed to show a consistent relationship; for example,
much hugher figures for toxsc gostre were obtatned for certain parts oé
Northern Italy and Germany than for Switzerland, where the incidence of
endenuc goitre has always been considered to be very high. More recently,
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Saxén & Saxén *¥ have shown that the metdence of toxic goitre in Finfand
is considerably higher tn the rural areas with a moderate or high incidence
of stmple goitre than in the rural areas with a Jow inesdence of simple gottre.
The approximate rauo of toxic gostre in the non-goitrous, moderately en-
demic and severely endemic areas was 1-2°3.5. In Australia, Wyndham2
was the first to show that i the State of New South Wales “ there seems to
be, therefore, a natural tendency for these non-toxtc goitres to become hyper-
plastic and hyperfunctional in muddle hfe ™. Later Clements, ¥ in an Aus-
tralia-wide study, stowed that the death-rates for thyrotoxicosts were
highest 1n the states with the highest incidence of endemic gottre, and fowest
in the states where endemic goitre does not occur. Reviewing some of this
evidence, Rundle ® conctuded that * there 1s powerful evidence from goitre
maps that endemic goitre predisposes to thyrototicosts ™. This conclusion
seems Justified for certain parts of the world, more particularly North
America, the British Isies, and parts of contmental Europe and Australia,
but the evidence in respect of other parts of Europe and many of the econo-
mically under-developed areas of the world is inconclesive or non-existent,
It is surpnistng that McCarrison . ™ and Stott and fus co-workers 1t 112
farled to record toxic gottre mn the highly gottrous valleys of the Himalayas
and India  In the hugh plateaux of the Andes, where several surveys have
been made, there are only passing references to toxic goitre. Mahorner @
was told that towic symptoms do occur m the Indians of Guatemala ‘yt‘no
have Jarge goures, but apparently saw none humself m an extensive visit,
Kimball * has made no reference tn hus survey of several Central and South
American countries to the existence of toxic gortre, nor have Scrimshaw and
fus team o their various surveys in Central America.l%% The one excepiion
on the American continent ts Mendoza Province, Argentina, where
Perinett: ® found a relatively high prevalence of toxicity superimposed on
nodulay goitre, )
The 1rregular occurrence of thyrotoxtcosis as a sequel of endemic goitre
throughout the world raises two questions. Has the condition been over-
looked 1n the localities where it has not been reported ; and do the sequelae
of endemuc gatre differ 1n different Jocalities? Meore intense, carefully con-
trolled surveys will answer the first question. The answer to the second
question may be bound up with the question of the etiology of endenuc

gottre.

Endemic goitre and carcinoma of the thyroid

“The WHO Study-Group on Endemtc Goitre ¥ considered ths subject
Giefly, reviewng the literature then available. The members of the Group
were impressed with the suggestive character of tf"nc data, but felt that, at
the time, it was not possible to form a firm opinjon on whether fur;dcrmc
-toxic goitre predisposes to carcinoma of the thyroid. Sokall® after

non: '
ive review of the American hiterature on endemuc goitre, thyro

an extens|
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toxicosss and carcinoma of the thyroid, came to the conclusion that thyrord
cancer arises more frequently 1n toxic than in non-toxic goitre He set a
figure of 1% expectancy of carcinoma during the lifetime of 2 patient
with nodular goitre and further expressed the opinton that carcinoma was
twenty times more common among persons with hyperthyroidism than
among those with euthyredism

More recently Miller,” after a review of patients at the Ford Hospital,
Detroit, has expressed the opinion that Sokal’s estimate that three-quarters
of the cases of carcinoma arise in pre-existing nodular gostres ts too generous
In Muller’s sertes only 6 out of 14 patients with non-papillary cancers gave
a history of goitre of over one year’s duration Satén & Saxén *7 in Finland
were unable to find any difference 1n the mortality rates for carcinoma of
the thyroid between rural areas where endemic goitre was rare and those
where 1t was moderately or highly prevalent Muller ?® has doubts whether
this question can be solved with existing data.

Endemic goitre and carcinoma in general

Spencer 1%, 19 has recently drawn attention to the possible influence
of the thyroid 1n malignant disease. He found a correlation between the
prevalence of endemic goitre and the number of deaths from mahgnant
disease  He pomts out that endemic goitre leads to hypothyroidism,
with 1ts accompanying reduced output of thyroidal hormone and, sub-
sequently, lowered metabolic rate He quickly demes that these conditrons
should be constdered a primary cause of cancer, he suggests rather that
thyroid function or dysfunction may be associated with susceptibility or
immunity to cancer He offers the hypothesis that hypofunction of the
thyroid may be associated with premature semlity of tissue cells, which
1 some way 15 assocrated with normal mutotic activity  Ellerker * has
demonstrated a chmcal relationship between non-toxic gotre and malignant
disease of the breast.

SEQUELAE IN PROGENY OF GOITROUS FARENTS

Cretinism

Endemic cretimsm has been reported from a number of countries
where endemuc gostre occurs  Before proceeding to discuss this, it 1s
proposed to discuss cretinism m general

The denvation of the word “erettn” 15 unknown. A number of
suggestions has been made from time to time that 1t 1s a distorted form
of the French word chrénien—a Chrstian—meaning that those so called
could not sin; that 1t came from the Latin creta, referring to the chalk-like,
greyish-white faces of the victims, that it oniginated m the Rhaeto-Romamc
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Saxén & Saxén * have shown that the mcidence of toxic goitce 1 Fraland
is considerably higher 1n the rural areas with a moderate or high incidence
of simple gortre than 1n the rural areas with a low meidence of simple goitre.
The approximate ratio of touc goure m the non-goitrous, moderately en-
demic and severely endemic areas was }:2.3.5. In Australia, Wyndham %
was the first to show that n the State of New South Wales “ there seems to
be, therefore, a natural tendency for these non-toxic gostres to become hyper-
plastic and hyperfunctional in muddle Iife 7, Later Clements,?” 1n an Aus-
tralta-wide study, showed that the death-rates for thyrotoxicosts were
hsghest in the states with the lughest incidence of endemic gottre, and fowest
in the states where endemic gottre does not oecur. Reviewing some of this
evidence, Rundle * concluded that * there 1s powerful evidence from gorre
maps that ends goitre predisp to thyrofoxicosss ", This fusi
seems justified for certan parts of the world, more particularly Nosth
America, the Britrsh Isles, and parts of contmental Europe and Australia,
but the evidence in respect of other parts of Europe and many of the econo-
nrcally under-developed areas of the world is meonclusive or non-existent,
1t 1s surpristng that McCartison . ™ and Stott and s co-workers 11 12
failed to record toxic gostre 1n the highly gottrous valleys of the Himalayas
and India In the high plateaux of the Andes, where several surveys have
been made, there are only passing references to toxic goitre. Mahomer
was told that toxic symptoms do accur tn the Indians of Guatemala who
have large goitres, but apparently saw none humselfl tn an extensive vistt.
Kumball 57 has made no reference 1n hts survey of several Central and South
American countries to the existence of toxic gottre, nor have Scrimshaw and
his team in their vanious surveys in Central America, % The one exception
on the Amertcan contment 1s Mendoza Province, Argenuna, where
Pennetti ® found a relatively high prevalence of toxiaity superrmposed oft
nodular gostre

The srregular occurrence of thyrotoxicosis as a sequel of endemic gortre
throughout the world rases two questions: Has the condition been over-
looked in the localities where st has not been reported ; and do the sequelae
of endesmuc goitre differ in different localities® More intense, carefnlly con
troffed surveys will answer the first question. The answer to the second
question may be bound up with the guestion of the etiology of endemic
goitre.

Endemic goitre and carcinoma of the thyroid

The WHO Study-Group on Endermic Goitre 12 considered this subject
briefly, reviewing the hterature then avaslable The members of the Group
were impressed with the suggestive character v{ t{)c data, but felt that, :_it
the tme, it was not posstble to form a firm opinion on whether :nr;demic
touc goitre predisposes to carcimoma of the thyrord. Sokal '™ after

non- . Sok !
sive review of the American lterature on endemic goitre, thyro-

an exten
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tion of radioiodine 1n the neck. The hypothests has been advanced by
several writers 2 72 that this conditton anses as a result of failure of the
thyroid * anlage ” to develop from the oral portion of the mesobranchial
arch

In a non-goitrous area thus type of 1 pred
In a series of 60 cretins from the USA and Canada who were examined
by Osler,® only seven had a goitre and three out of five children 1n one
family were goitrous cretins (see next section), In therr series of 115 cretins,
Wilkins, Clayton & Berthrong™® found six with goitres.

Cretins have been reported ¢! with tumours 1n the neck which appeared
ta be enlarged thyroids  As Benda® has pointed out, hawever, in most cases
the tumour 1s probably a remnant of the fourth pharyngeal pouch The
presence of any active thyroid fissue can be demonstrated by a test with
radioactive 10dine; if 1t 1s negative, the case can be classified as congenital
thyroid aplasia

Congenital thyroid aplasta 1s seldom recogmzed at birth, although in
retrospect it 1s possible to recall that many of the features charactenstic
of this condition were present then The baby 15 usually heavier than normal
and has a large head with a wide-open anterior fontanelle and an open
frontal suture. The imbs are short compared with the length of the trunk;
the shin 1s greyish-white, dry, wrinkled and scaly, with loose folds about
the wrists, hands and neck. The tongue 1s often protruding  X-ray examina-
tion of the bones—and for this purpose the distal epiphysis of the fernur
and pelvis 1s most useful—shows delayed development of ossification
centres  In the skull, the cartilaginous disc between the chvus and the
spheroid body 15 clearly to be seen  Feeding such a baby is slow and tedtous,
and desprte the amount of food eaten hittle or no weight 1s gamned.

Throughout hfe physical growth 15 extremely slow, so that by the time
adulthood 15 reached the true congemital thyroid aplastic 1s not mere than
4 feet (1.2 m) long and, owing to the marked curvature of the spine, the
standing height 1s seldom more than 3 feet (09 m). Many of the eptphystal
centres remain open throughout adult Iife  The nose 1s broad and flat and
the thick pufly skin, especially around the eyes, gtves the face a full apathetic
appearance Dentitton 1s delayed. So constant are these signs 1n persons
with congemtal thyroid aplasia throughout the world that a number of
writers have suggested that they would appear to have belonged to one
large family.

Paratiel with the farlure of physical growth there 15 an absence of mental
development. The congenital thyroid aplastic remamns an 1diot, incapable
of canng for himself  Because there 1s no mental development, these
people do not learn to speak and 1t 1s doubtful 1f they comprehend the
spoken word, thus they are deaf-mutes They utter some harsh unintelhgible
sounds from time to ttme All movements are slow and awkward, and
they walk with a shuffing unsteady gart.




246 F. W CLEMENTS

language sometime in the sixteenth century and was applied to dwarfs; 8 3. 4
that it 1s derived from the Lattn crearura, meaning a creature, and came
through the Romansh language of the Gursons, creatura—cretira—~cretin®
Whatever the precise origin of the word it was apparently used in a written
document for the first time by Felix Platter,® in 1614, to describe a parti-
cular kind of person oceurning in poputation groups in the valleys of the
Alps in sufficient numbers to warrant 1dentification 7 Platter noted the
relatively wide distribution of cretinism, having read that it oceurred m
Egypt and having observed it himselfl m Cannthia and tn fus natve
Switzerland. The conditton must have been common, for he reported
that many chidren were affected.

His description covers the salient features: disproportion of the body

(large head and short lmbs, and tongue), deaf-mutism and
mental retardation. He recognized that not all of these cretins had thyroid
enlargement

European writers 1n the eighl h and ni h centuries freq:

drew attention to the co-eustence m the same Jocalities of endemic gostre
and cretinisa  De Quervaw,® however, recogrized that in amy group
of so-called * creimns  there are likely to be a number of different types
and that the signs displayed witl depend upon the degree of active thyro?d
tissue present In his own words: “Le crétmsme endémique est loin
de présenter tomours le méme tableau I y a d’abord des différences de
degré.™

Then, in 1871, Fagge? w England published accounts of anothes
form of cretsusm which accurred in people who had not, at any time
in thetr lives, lived in a gostrous district. To this condition, Fagge gave
the name * sporadic cretinesm ™. In the 80 years since Fagge’s observations
a considerable number of studies have been made on cretmsm. However,
almost all of them have been on the sporadic form As-a result of these
ravestigatrons it 1s now possible to define a number of types of cretintsm
One classification based upon current knowledge 15+

1 Congenital thyroid aplasia
Familial congemtal goitrous cretimism,
. Acquired athyroidism,
. Acguired hypothyromdism.
. Endemtc cretinism.

bW N

Congenital thyroid aplasia
Stal

“This condition is also hnawn as ital dema 38 and 7
athyroidism. As the term imphes, persons sufferng from \t:is condittan
are born without any functiomng thyroid jssue. Hamilton, Redly
& Eschom € confirmed this when they showed that there was no accumula-
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somal recessive gene  Stanbury, who has identified and defined Group 4,
has not ventured an opinion about the hereditary character of the defect
but has reporied that 3 out of 6 patients studied by htm showed familial
ncidence of the disease. The possible of these develop m
any consideration of the etiology of endemic cretimsm 15 discussed later.

Acquired athyroidism and acquired hypothyroidism

As the names imply, these are variations n degree of the same condr~
tton. In the one there 1s complete failure of thyroid secretion, in the other
there 15 partial failure leading to the development of a degree of myxoedema,
hence the use of the term * juvenile myxoedema ", which ts sometimes
apphed to those so afflicted

A number of writers 21, 2%, %, 62. 8 claymed that the condition followed
an nfectious disease, for example, measles and whooping cough, 1 cases
they had studied 1t 15 of interest that Fagge's onginal case occurred after
an attack of measles with erystpelas #* Qther wniters attnbute the cause to
birth injuries which extended to involve the thyroid gland A hypothesis
advanced by McGirr & Hutchison ™ s that, 1n fact, some of these subjects
possess enough thyroid tissue at birth to meet the needs up to that time and
perhaps for some time after, but ths later proves msufficient for the increased
needs of the larger child.

It 15 obvious that the chinscal appearance of children affected by either
of these conditions will be infiuenced by the age of onset The older the
child the less marked the effects, especially mn respect of mental development
and growth The amount of defictency of thyroidal hormone will hkewise
affect the severity of the chinieal signs,

Acquired athyroidism has most of the features of the congenital form
Pale or yellow skin, thinning of the hair, coarseness of the skin, and arrested
osteological development datmng from the time of onset The hands often
have a spade-like appearance Hearing and speech may be affected, de-
pending upon the age of onset of the condition, and, 1n general, will bear a
relationship 1o the degree of mental retardation The presenung features
are usually fallure to grow at a satisfactory rate and mental retardation

In the last few years attention has been drawn to two other types of
acquired thyroid enlargement in infants and children Marked thyroid
enlargement has been reported 1t a number of newborn mfants whose
mothers had taken one of the therapeutic antithyroid drugs dunng preg-
nancy 1. #2 3%, 30 44,50, 87, 95 Two ynfants, one of whom died shortly after
birth, showed full cretimism, and a third displayed definite hypothyrordism
The thyroid of the cretin who died showed much vascular enlargement,
with marked hyperplasia of the glandular tissue; the acimi, which were ined
with fow columnar epithelum, contamed no colloid  The other cretin
proved extremely difficult to feed—partly, perhaps, because of the large
tongue—and failed to gain weight But a week after the condition had been
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Thus form of cretnism s unmistakable and, as stated above, the de-
scniptions have been bwt up from a detatled study of persons so afflicted
living in non-goitrous areas  One of the most interesting comments 1 this
regard 35 that made by Osler, that none of the cretins investigated by him
came from the gottrous districts of Canada or the USA.

Infants and children with congenital thyroid aplasia respond to oral
administration of dried thyroid gland or thyroxne, The results will depend
apon the ape of the child when the treatment 1s commenced and the
thoroughness with which 1t 1s mamtamned

The recent seport by Amger & Kelly ¥ of three siblings 1n a family with
cretinssin, two without thyroid enlargement and one with a small enlarge-
ment, whose parents were cousins, 15 of derable mierest. E:
of the genealogscal background of this famuly revealed at Jeast tweive
addutional closely related people who may have been sumidarly affected.
Thus led the authors to suggest that 1 this family the cretinism was duc toa
specific mhented defect which, because of the history, was probably 2
Mendeltan recesstve factor

Familial goitrons cretinism

In the last 15 years or so a number of lughly important observations have
been made m the USA and Great Bntain on a comparatively large number
of goutrous cretins 42, 67, 72, 192,103 Intense bjochemical studres on many of
these people have enabled a classification of goirous cretins based upon
the specific defects m the metabolism of thyroxine to be developed * %
On the basis of present knowledge, 1t would appear that there are at jeast
four categones; further work may reveal more.

Graup 1. These sutyects lack the abihty to oxidize iodide and form
iodotyrosines, although the thyroid is able to concentrate todide effectively.

Group 2 Members of tlus group can synthesrze thyrowd hormone,
but carnot de-iodtnate monowdotyrosme and duodotyresme which are
normally formed in the hormonogenic process,

Group 3. The members of this group lack the abihity to couple 1odo-
tyrosines into todothyronines {thyroxine).

Group 4 This group is characterized by abnormal jodinated polypep-
tides in the serum

Elat of the bioct 1 and chnical features of these vanious
categories 15 outside the scope of this chapter The interested reader 18
referred to the original papers by Stanbury and his co-workers (sce the
chapter Phystalogy of endemic goise on page 261 of this {nunograph and
Stanbury & Quendo 19%) and to the approprate chapter in the book by

Ta 62
Hmme the point of view of endemme gaitre and its sequetae, lhf real
inferest in this series lies ta the famihal chacacter of the defects. Hsia I;xxs
suggested that m categones 1 and 3 the defect is transmtted by an auio-
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The foll 1ch 1stics have been taken from the description
given in the report of the ian Cretimsm C ion, published 1n
1848 % More recent accounts present an identical picture.s: %

Even 1n the first half of the last century there was a general belef 1n
cretinous districts that the cretinous infant exhibited appearances at birth
which indicated its future fate, However, this belief was not held by every-
body. Workers who have ] d sporadic goitrous 1n recent
times, recognize that many of these nfants are apparently normal at birth
and that the signs of cretinism do not appear until the middle of the first
year, by which time the characteristic features of the cretin have made their
appearance, At this age the fully developed cretin 1s retarded in physical
growth and mental development. The head 1s large with wide fontanelles;
there 15 a marked absence of any mental or bodily vivacity, and the infant
spends long pertods asleep The child does not walk until the sixth or
seventh year, and speech 1s imited to a few harsh sounds. The lack of
speech 1s a sequel to deafness, which 1s charactenistic of the disease. The
Sardiman Commussion noted that there seemed to be no mtermediate age
between infancy and puberty, or between puberty and old age; mfancy 1s
prolonged to puberty, and old age succeeds at once. A fully developed
cretin does not exceed 3 feet (1 m) in height The face bears the impress of
stupidity The tongue is often large and protrudes between the teeth. Ths
description applies to cretintsm resulting from thyroid aplasia and 1s simular
to that given for sporadic congemtal thyroid aplasia

Other endemmc cretins appear to have a small amount of functional
thyroid tissue, at least duning the early part of their life; thus 15 sufficient to
prevent the appearance of some of the features of the fully developed
cretin  Growth 1s not so stunted, such people often being more than 3 feet
tall They frequently have some mental faculties and often linuted speech.

Classification of endemic cretimism

The range of chinical signs seen m cretins 1n the old Kingdom of Sardinia
prompted the Commussion to define three types of cretin

1. Those with only vegetative faculttes, entirely destitute of reproductive
and 1ntellectual powers and not capable of employing articulate language.
‘These people were called “ cretins ™

2 Those end: d with veg and reprod faculties and some
of the rudiments of language The iutellectual faculties of thus type are
strictly hmited to expressing the bodily wants and are due solely to the
mmpressions of the senses They were called “ semi-cretins *,

3. Those endowed with vegetative and reproductive faculties and
possessed of a less imperfect language catried on by words and gestures.
The mteltectual faculties of thus type are also less limited than those of the
semt-cretins, but are always below the ordinary level Such people are, to
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diagnosed and approprate treatment commenced, it began to take its feeds
normally and started to gain weight regularly. This continued as long as the
thyroid medication was gtven,

Hypofunction and hyperplasia of the thyroid gland have occurred
in a number of children who had been treated with cobalt for a blood
dyscrasia, or whose mothers had been so treated during pregnancy. Kinck ©
reports severe effects, leading to death, 1n young nfants whose mothers
had been treated during pregnancy; in these cases the gland showed
marked hyperplasia with almost complete obhteration of the follicles
Krniss, Carnes & Gross ® reported simular but less severe signs in a number
of children, one of whom had severe myxoedema. Hoily,* on the other
hand, failed to detect any abnormal effects in 78 pregnant women or their
progeny who were given cobalt and rron, or cobalt alone, for 80 days before
delivery. Jaimet & Thode 5 found no evidence of thyrord enlargement or
chnieal hypothyrowdism 1 17 children given up to 6 mg of cobalt chloride
per kg of body-weight per day for 10 weeks. Obviously a great deal more
work needs to be done to clarify the posttion of cobalt as a goitrogen.

Other drugs, mcluding 10dide,®. 77, % resorcinol,'? throcyanate, % aqd
perchlorate,’? have been shown to produce hyperplasia of the thyroid in
adults, with my<cedema, It 1s not proposed to elaborate furthet
on these goitrogens, The bist, which 15 not complete, is quoted to show the
extensive range of drugs which have been found to produce gortre and
hypothyrotdism.

Endemic cretinism

Cretiism has been recognized 1 Europe as a clinical entity since the
siteenth century. It was not, however, until the end of the eighteenth
century that Fodéré 3 published the first detailed scentific study. The
recognitton of cretinism 1n other parts of the world came considerably later.

At the present tme endemic cretinrsm oceurs 1 at least three regions
of the world-

(a) n localized areas in the European Alps and in the plams of northern
Italy; 2

(8) 1n the foottulls of the Himalayas and 1 1solated communities in the
plains of the Indian peninsula, 69, 111, U2

(c) i extremely isolated and restricted communittes in the Belgian
Congo.1% 8 .

There has been constderable confusion about certain aspects of endemic
cretinisme. In the mawn this anses from uncertainties of diagnosis and the
arguments of at least two schools of thought about the etiology.

Description of endemic crefins
The di is of fully established cretinism presents no difficulty Good
descriphions have been given by numerous writers over the last 150 years
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“ myxoedematous " and * nervous ” forms of cretinism must have matenally
nfluenced the figures for the prevalence of cretinism

Almost all writers on the subject of cretintsm have recogmized that some
cretins hase goitres while others do not. The Sardiman Commusston %
found that approximately one-third of the cretins investigated were without
thyroid enlargements. In McCarrison’s ® series 56 °; were without gottres,
while 60%; of the 35 creuns studied by Stott & Gupta ''* 1 Indra had
goitres

The presence of a goitre has not been used by any workers as a basts for
classification, yet 1t would appear from the studies on sporadic cretinssm
that the athyroidic cretin and the goitrous cretin are different in their
pathology. The former is born with a defect m the imtial development of
the gland, and the latter has some defect 1n the internal metaboltsm of the
gland which prevents the formation of effective thyroidal hormone The
athyraidic cretin cannot respond to increased amounts of TSH, while the
gotrous cretin responds with hyperplasia and. later, fibrous degencration
of the tissue

Prevalence of endemic cretnisnt

In the previous section 1t was pointed out that the separation of non-
cretinous 1diots and simple mental defectives from true cretins and sem-
cretins 1s difficult  For this reason figures from surveys do not necessarily
give an accurate prcture of the extent of cretiusm  In general this 15 more
likely to be true the older the records, although 1t has already been noted
that Benda ® considers that mn the 1930’s and 1940°s many inmates of institu-
tions for cretins were not cretins  With these reservations 1t 1s difficult to
interpret the figures from any survey

The Sardmian Commussion discovered 7083 cretins 1 a population of
2651000 m the Sardunian States  The rate varted from 001% t0 279%,
the latter obtaming in the Province of Aosta at the foot of Mont Blanc.
The Commission assigned these cretins to the three categories it had
defined, as follows

Confirmed cretins . . . . 2165
Semu-cretins . .. 3518
Cretinous persons R £ X §
Unspecified P 967

In other parts of Europe, during the nineteenth century, the prevalence
varied considerably Many of the data are for military conscripts and do
not relate to the whole populatton. The figures range from 4 to 22 per
thousand The most affected regions were the Hautes-Alpes and Savoie,
in France, and parts of southern Germany, Austria and Hungary It was
noted that although the Hautes-Alpes and Savote were so heavily affected,
the Jura, m which there was a sumilar prevalence of gortres, had scarcely
any (27 per th d Tuding ydiots)
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some exgent, capable of followsng an occupation and of carrying out
manuval labour They were called * cretimous persons .

Nearly 100 years later De Quenvam 2* employed practically the same
classification. In addition, he recogmzed that the goitrous idiot and the
gautraus mental defoctive tt a gourous ¢ y must be d d
from the truc crenn

There s no doubt that many surveys made in European countrics in
the aighl h and h centunes ded 1thiots and other mental
defectives 1n the records as cretins It 45 also fairly certan thay numbers
of diots and mental defectives, who were not cretins, were admitted to
msutetions for cretins, when these were established in Europe, following
Dr Guggenbuhl's example near Iaterlaken, Switzerland. in the 1830s
Benda* who comparatively recenmtly worked for a number of years in
Swiutzerland on endenuc cretinism, and who visited areas of cretimsm in
Austna and France, made the followsng obsenation.

Comparison of a large group of cretns 1t 2 Suus iawutubion or a Swis commumty
wnh a large group of feeble minded patients in an Amencan imttunon for mental
defectines would show that in the farmer gronp pumerous patents are regarded as ereting
whose equnalent and bheness can be found in the Amencan imtitution where po cretsmism
ents

There seem to be good reasons for assuming that a group of endemic
“eretins * in European centres would clude some mental defectives
whose condition 1s probably not due to thyrowd defictency .

The chawcal pucture of ercunism, and so the classification of crefins,
was further confised 1 the early past of this century by the wnnags of
McCarnson ** following his study of crctins 1n some of the Himalayin
valleys. He described a form of ™ nervous eretimsm ™, which he befieved
differed from the crehmsm of Evrope 1 that the subjects displaged bizarre
posturing of the arms, often accompanied by a degree of rigithty and some-
times spasticity of the lower kmbs. Many of these subjects had cxaggerated
reflexes From hus descnphion i 1s almost certan that some of the cretins he
observed had spastic paralysis of the lower himbs,

These observations by McCarrison were taken up by a number of
European wrers,® 9.8 ywho subsequently described a condition which
some called “ thyroncural dystrophy . A number of these ases Weté
presenied to learned soctettes about 40 years ago and the discussions which
followed most of these presestanons showed that the majonty of the
audtence rejected the need for a separate classification. These speakers,
although admitting that it was vnusual to find cretimsm associated m}h
injury at birth or osher causes of diplegra, saw nothing extraordmary in
¢his. In thus connexion it 1s of intercst to note that MeCarrison reported
that 14% of fus ceetins had had " diflicult births ™, .

Confusion about the diagnosis of the minor grades of cretnism, the
separation of idiots and mental defectives, and the aftempts to define
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“ myxoedematous " and * nervous " forms of cretintsm must have matenally
influenced the figures for the prevalence of cretimism

Almost all writers on the subject of cretinism have recognized that some
cretins have goitres while others do not The Sardinian Commusston
found that approximately one-third of the cretins ivestigated were without
thyroid enlargements. In McCarrison’s # series 56 were without goutres,
while 60% of the 35 cretins studted by Stott & Gupta 2 in India had
goitres

The presence of a goitre has not been used by any workers as a basis for
classification, yet 1t would appear from the studies on sporadic cretinism
that the athyroidic cretin and the goitrous cretin are different 1n therr
pathology. The former 1s born with a defect in the initial development of
the gland, and the latter has some defect 1 the internal metabolism of the
gland which prevents the formation of effective thyroidal hormone. The
athyrowdic cretin cannaot respond to increased amauats of TSH, while the
goitrous cretin responds with hyperplasia and, later, fibrous degeneration
of the tissue.
Prevalence of endentic cretmsm

In the previous section 1t was pomted out that the separation of non-
cretinous 1dots and simple mental defecuves from true cretins and semi-
cretins 1s difficult  For this reason figures from surveys do not necessanly
give an accurate picture of the extent of cretimsm  In general this 1s more
hikely to be true the older the records, although 1t has already been noted
that Benda ® considers that 1n the 1930’s and 1940’s many inmates of institu-
tions for cretins were not cretins  With these reservations 1t 1s difficult to
interpret the figures from any survey

The Sard C 7083 cretins 1n a population of
2651 000 m the Sardiman States The rate varied from 001% to 2799,
the Tatter obtaining 1n the Province of Aosta at the foot of Mont Blanc
The Commussion assigned these cretins to the three categories 1t had
defined, as follows

Confirmed cretins . e 2165
Semu-Cretins . 3518
Cretinous persons . . 433
Unspecified . <. 967

In other parts of Europe, duning the mineteenth century, the prevalence
varted considerably Many of the data are for military consenpts and do
not relate to the whole population The figures range from 4 to 22 per
thousand  The most affected regions were the Hautes-Alpes and Savoie,
in France, and parts of southern Germany, Austriz and Hungary. It was
noted that although the Hautes-Alpes and Savoie were so heavily affected,
the Jura, jn which there was a similar prevalence of gortres, had scarcely
any cretnism (2 7 per thousand, incleding wdiots).
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some extent, capable of following an occupatton and of carrying out
manual Jabour They werc called * cretinous persons ™.

Nearly 100 years later De Quervarn % employed practically the same

fi In addition. he ized that the goitrous idiot and the
goitrous mental defectne 1 a goitrous commumty must be differentiated
{from the true creun.

There 15 no doubt that many sureys made in European countres in
the eigh h and fr centunes ncfuded rdiots and other mental
defectives 1n the records as cretins ** 1t is also faurly certam that numbers
of idiots and mental defectives, who were not cretins, were admitted to
mstitutions for cretins, when these were birshed mn Europe, following
Dr Guggenbuhl's example near Interlaken, Switzerland,3 i the 1830%s.
Benda,* who comparatively recently worked for a number of years in
Switzertand on endemic cretmusm, and who isited areas of cretinism 18
Austria and France, made the following observation

Comparison of a large group of cretins in a Swiss mstituton or a Swiss community
with a2 farge group of feeble minded patents (m an Amencan nstitution for mentat
defectines would show that ta the former group numerous patients are regarded as cretins
whose equnalent and hikeness can be found 1n the Amenican institution where o cretiism
exisls

There scem to be good reasons for assumung that a group of eademic
“cretins © in European centres would include some mental defectives
whose condition s probably not due 10 thyrmd deficiency,

The chacal prcture of cretmsm, and so the classificanon of cretms,
wag further confused in the early part of this century by the writmgs of
MceCarnson ® following fus study of cretns in some of the Himalayan
valleys He described a form of * nervons cretinism ™, which he believed
differed fram the cretuusm of Europe st that the subjects displayed bizarre
postunng of the arms, often accompanted hy a degree of rigidity and some-
1mes spasticity of the Jower mbs  Many of these subjects had exaggerated
reflexes From his description it 1s almost certam that some of the cretns he
observed had spastic paralysis of the lower imbs

These observations by McCarrtson were taken up by a number of
European writers, " 8. ¢ wha g Iy ds bed a cond which
some called “ thyroneural dystrophy ™. A number of these cases were
presented to learned socielies about 40 years ago and the discussions which
followed most of these presentations showed that the majosity of the
audience sejected the need for a separate classification. These speakers,
although admitting that st was unusual to find cretmism associated with
wjury at birth or ether causes of diplegia, saw nothing extraordinary in
this. In this connexton it 15 of mterest to note that McCarrison reported
that 149 of his eretins had had “ difficult births ™. =

Confusion about the diagnosts of the minor grades of cretinisn, the
separation of idiots and mental defectrves, and the attempts to define
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sized this pomt and explained the absence of cretimism from some goitrous
valleys of the Himalayas by pointing out that goitre had made a relatively
recent appearance m these regions.

There are a number of facts which do not support this hypothesis, some
of which were put forward by the Sardiman Comnussion ® and by even
earlier wniters 2

{a) All writers admit that endemic cretintsm does not occur wn all
focalitres 1n an endemic goitre area, even the suggestion that severe endemic
goitre must have exsted for several generations before crettmism oceurs 1s
not an adequate explanation for the difference Some regions such as the
Jura have just as Jong a hustory of endemic gostre, with just as great an
incidence, as the Hautes-Alpes and yet endemic cretimsm has not been
teported from the former region.**

(b) Cretirusm 1s rare. 1f 1t occurs at all, tn the Andes, where goitre has
existed for several centuries

fe) Cretinism 1s often concentrated 1n villages and even in households
1n a village 3, &

(d) Cretintsm was more frequently met with the further investigators
penetrated 1nto the mountamns of Hungary ¢

(e) Many cretms are the progeny of parents who did not have a thyroid
enlargement. This was so 1n at least 4% of McCarnison’s series, and the rate
appears to have been much higher m some of the European studies . 9, 112

(f) The prevalence of cretinism seems to bear a direct relationship to
the extent of intermarniage withm the cretinous districts €. % It tends to
disappear from those districts when one marriage partner comes from
outside the district.  Intermarniage has been extremely common n some
of the remote, relatively land-locked valleys where cretimism has been most

With the ! of more partners have
come from outside these circumscribed localities  The same could hold for
pockets of land 1solated by river systems, as m parts of India

This last observation, coupled with the studies on sporadic goitrous
cretinism which have shown a high famultal factor 1n the etiology. suggesting
that 1t 1s due to a recessive Mendelian factor, raises the questton whether
much of the endemmc gortrous cretinism has not the same ettology.

One argument that has been used to refute this posstbility 1s discordancy

among monozygotict* © ' ¢ [cretiism  Eugster 3! collected from
the iterature ,, » » s1x of whom were concordant 1n
5:_; “scordant. In a series of 15 non-

ive discordant Dissimuilarity of
= .dence of the non-genetic

“ ark 18 have discussed

of monozygotic twins

1 have shown that
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More recent surveys have shown much less cretimism i il the affected
regrons  Eugster ¥ records a cretin-rate ranging from 0 6%, to 1.0%. with
one Swiss wiilage having a rate of 3.5%. However, even these figures do
not relate to the current posttion  Benda ® states that the number of cretins
i Switzerland 1s about 1 25 per thousand, spread over the whole country,
It seems that one of the most rceent suneys, mited to a circumseribed
area, was made by Koller,” but even this is nearly 50 years old. He found
2% of the people 1 the Canton of Appenzell affected with cretinsm,
ncluding all forms of mental retardation.

Benda has remarked on these relatively low figures, pointing out that
the § \! of mental d. m any popul. is around 2%. The
obvious explanation 1s that the figures usually quoted relate 1o relatively
large groups—for example, a canton or province—when, in fact, cretinism
1s hmuted to vilages whose total popul: 15 a small p ge of the
whole canton,

A surprising announcement on the prevalence of crefinism in Switzer-
land was made recently by Wegehin 1 He reported that cretnism had
disappeared {rom Switzerland, presumably he meant that cretins were no
longer being born there.

The fast reports from the Himalayan and Indian foci are now 20 years
old and ncither McCarnson in lus early surveys ® (first decade of this
century) nor Stott and ks collaborators i the 1930°s M. 12 actually made
a census.  There certainly 1s need for a careful suney to determmne the
present positton.  Calonne ** reported 4.3% of the entire population of the
locabty he studied 1 Ruanda-Urundt as being cretins. Benda ® has sug-
gested that any team investigating endemic cretinism sheuld nclude a
hiatnist to help the mental defectives.

P

Etiology

The ctiology has been deferred to the end because so httle 1s known
about st and because 1t has been the subject of marked controvessy almost
smcee crehimsm was first studied. Wnters on the etiology are divided
on the rel hip of endemi to endemic goitre  Most wrters
favour a close causal relationship, pointing out that endemic cretinism 15
found only where these 15 endemic gortre. It is hard to interpret this state-
ment when it 1s realized that up to two-thirds of all eretins have gotre
No one has recorded whether gottrous cretinism exists in any Jocality where
there 15 no endemic goitre wn fully grown normal indnviduals. Those who
hold the view that there is a causal relationship advance the hypothesis
1hat the forbears of a cretinous child must have suffered from some enlarge-
ment of the thyroid gland through a number of generations, .«?mi that 1
each succceding generation there js a progressive detentoration of the
thyroid gland with the enlargement, leading to reduced fur_:cho:x‘7 or d}{s-
function, unti ultimately a cretinous child 1s born. MeCarrison # empha-
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sized this point and explained the absence of cretinism from some goitrous
valleys of the Himalayas by pointing out that goitre had made a relatvely
recent appearance 1n these regions

There are a number of facts which do not support this hypothests, some
of which were put forward by the Sardinian Commission # and by even
earlier wniters.?

(a) All wrters admit that endemic cretimsm does not occur m all
Jocalittes tn an endemic goitre area; even the suggestion that severe endemic
poitre must have existed for several generations before cretimism occurs 1s
not an ad expl. for the d Some regtons such as the
Jura have just as long a history of endemic gostre, with just as great an
ineidence, as the Hautes-Alpes and yet endemic cretinism has not been
reported from the former region.

{b) Cretimism is rare. if it occurs at all, in the Andes, where goitre has
existed for several centuries

{c) Cretinism 1s often concentrated in villages and even n houscholds
1 a village 31 &

(d} Cretimism was more frequently met with the further investigators
penetrated 1nto the mountams of Hungary 4

(e} Many cretins are the progeny of parents who did not have a thyroid
enlargement Thes was 5o 1n at least 4% of McCarnson’s series, and the rate
appears to have been much higher in some of the European studies.*. % 12

{f) The prevalence of cretimism seems to bear a dtrect relationship to
the extent of intermarriage within the cretinous districts *%. % It tends to
disappear from those districts when one marriage parttner comes from
outside the district. Intermarnage has been extremely common m some
of the remote, relatively land-locked valleys where cretinism has been most
common With the develop of more parters have
come from outside these circumseribed localities. The same could hold for
pockets of land isolated by nver systems, as it parts of India

This last observation, coupled with the studies on sporadic goitrous
cretinism which have shown a high fanulial factor in the etiology, suggesting
that t 15 due to a recessive Mendehan factor, raises the question whether
much of the endemic goitrous cretinism has not the same euology

One argument that has been used to refute this possibility 1s discordancy
among monozygotic twins m respect of cretimsm  Eugster 2 collected from
the Iiterature nine sets of rdentical twins, six of whom Wwere concordant in
relation to the cretinoid state and three discordant. In a series of 15 non-
idenuical twins, 10 were concordant and five discordant Dussimulanty of
monozygotic twins was once as ds of the -genet

h: of a disease or cond X Warkany & Selkirk ¢ have discussed
the appearance of hypothyrotdism 1 one of 2 pair of monozygouc twins.
Th‘ey potnt out that extensive recent studies on twinmng have shown that
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the development of manozygatic twins can be severcly modified by parental
or post-natal non-genenc factors  This would explan the appearance of
creqmism m only one monozygotic twia, whereas the cretinous twins in
the mine monozygotic sets collected by Eupster could all be genetic in
angn

Recently, Raman & Beterwaltes ™ studied the serum-protein-bound
1odine and the butanolunsoluble serum rodme in a group of people from a
willage 1n north-castern India where there was a lugh tncidence of endemic
goutre, deaf deaf-mut mental defici and i Although
they found lower mean figures for these than those ob d in
the USA, they were apparently unable to show any interrelationship
between the varous chnical condiuons. nor has thet work to date added
further to our understanding of the ctiology of endemic cretinism

Hitherto, the most widely held explanation for the manner in which
endemic goitre produces cretetsm i the progeny is that of thyroid degener-
ation or dysfunction associated With a goitre through repeated generations;
however, this theory bears too much resemblance to Lamarckism and
the mhentance of acquired charactenisties to be accepted today. This
fact, together with the strong suggestions of consanguimty mn the parenis
of cretms, calls for an ntense mvestigation of endemue cretiism where 1t
sull occurs,’ the use of modern techmques with radioactive iodde being
combined with a thorough genetre study Recently, an exchange of corre-
spondence on the ong of endemic creumsm has appeared o the medical
press, but this has not succecded mn shedding any further light on the
question?® ¥ An unequivocal answer is all the more necessary because
of the repeated statements n textbooks % and scientific arficles 7 #° that

demic gortre predi to end cretimsm; it seems that such state-
ments are often copted from one authonty by another without any cogmi-
zance betng taken of recent developments 1 genetics or in the study of
sporadic cretinism,

Deaf-mutisat

Deaftmutism 35 one of the cardmal features of the fully devefoped
cretn. This has fed some workers to regard deaf-mutism aione, especally
when 1t occurs in a gortrous locality, as bemng a sequel of endemtc goitre,
Just as end: has been d to be

Duning the last 40 years the etiology of many forms of deafmutism
has been iavestigated While these studies have covered most couatnes
1 Europe and Amenca, the most significant contributions have come
from Switzerland, where 1t 15 estimated that 0.123; of the population are
deafmutes » 9 It has been shown that about 40% of the deaf-mutism
in Switzerland is nherited, of the remaining “sporadic” cases, an
undisclosed number are true cretms and the others appear to have a
congenital or acquired form of the disease. From thewr studies of the
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genealogical trees of a large number of famulies with a history of deaf-
mutism extending back for several centunies, Albrecht ! and Hanhart 4
concluded that inherited deaf-mutism 1s due to a Mendeltan recessive
factor. Their evidence shows that the gene remams untmpaired for many
generations, ready to reappear whenever 1t meets a similar gene,

The work of Gregg,** Swan et al,,'® Patrick ® and others 1n the 1940's
demonstrated that maternal rubella, xf st occurs dunng the first trimester
of may lead to f-mutism 1n the cluld  Lancaster %
has pointed out that rubella m populous areas was formerly almost entirely
a disease of childhood. If a country or an area 1s 1solated for any length
of time rubella may die out and then, when re-imported, may attack
individuals of all ages Under these circumstances 1t could well be that
some cases of deaf-mutism 1 the popul of 1solated valleys
where endemuc goitre occurs are a sequel of maternal rubella

The recogmtion of two forms of deaf-mutism which occur mamly
as the result of the 150l of the popul and the lete absence
of any biol, 1 expl of how end: goitre 1n parents can produce
simple deaf-mutism 1n the offspring, calls for a review of the belief that
one of the sequelae of endemic goitre 1s uncomplicated deaf-mutism.

Mental Deficiency

Mental deficiency without the other stigmata of cretimsm has some-
times been considered to be a sequel of erdemic goitre Most of those
who have made thus claim have not had close association with endemic
cretimsm 57 % The inclusion of mental defectives of normal height along
with true cretins and semi-cretins in European mstitutions has undoubtedly
added to this confusion® Extensive mnvestigations of mental defectives
n non-goitrous areas have failed to show any connexion between thyroid
function and mental deficiency, except 1n relatton to cretinism % There
seems to be no justification for the statement that one of the sequelae
of endemic goitre i the progeny 1s ! d mental defi It
1s possible that the study of Raman & Bererwaltes ®* alceady referred to
will, when completed, throw hght on this problem also,

Conclusion

In the last section of ths chapter doubts have been cast on the possibility
that persons suffermng from endemic goitre are more likely to produce
cretins, deaf-mutes and mental defectives than persons living 1n a goitre-
free locahty

Recent research into sporadic crettmsm has shown the need for an
Intensive 1nvestigation to endemic cretimsm, using the same methods
and techruques as have been used for sporadic cretinism

17
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The discoveries 1n respect of inhenited deafness and congenital deafness,
the sequel of maternal rubella, have clearly revealed the need for making
careful inquinies into the family tustory of persons with deaf-mutism
alone 1 gottrous areas before labelling them the vicums of endemic goitre.
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The discoveries in respect of inherited deafness and congenital deafness,
the sequel of maternal rubella, have clearly revealed the need for making
careful inquirics mnto the famiiy history of persons with deafemutism
alone 1n goitrous areas before labelling them the victims of endemic goitre.
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PHYSIOLOGY
OF ENDEMIC GOITRE

JouN B. STANBURY, M.D.*

Insight mto the nature of thyroid disease, as regards both cause and
pathologic p} logy, has developed through an und d fthe normal
function of the thyrosd gland Thus chapter will be concerned first with a
brief account of the physiology of the thyroid and of the metabeltc circuit
of 1odine, and then with a review of the information which is available
regarding the functional abnormalities of the human gland when 1t 15
deprived of 1odine. Comprehensive reviews of thyroid physiology and 10dime

bolism are Iable elsewhere.3. 3, 3% 82

The mean daily human consumption of rodine in those parts of the
world where enderme goitre does not occur lies above 75 g Most of this
15 1n norgante form, Generally, the orgamc 10dine of the diet 1s reduced
to morgamc 10dide prior to absorption, but thyroxine, trnodothyronme,
and duodotyrosine may be absorbed intact. lodate 1s rapidly reduced to
10dide after intravenous injection

The 10dide concentration of the blood 1s extremely low, except after
ingestion of large amounts. Absorbed 10dide has a volume of distrtbution
of 20% to 309 of the body-weight It does not enter mnto cells in sigmficant
amounts, with the exception of the red blood cells and the cells of the thyrotd
gland Soou after absorption, thyroxine (T,) and 3,3',5-truodothyronine
(T,) become confined to the vascular compartment of the body as the result
of binding to carner protemns m the plasma. Certamn 10dinated dyes, snch
as those used for X-ray wisualization of the bikiary tree, are also absorbed
unchanged and are bound to plasma proteins A simplhfied diagram of the
metabolic ciremt of jodine appears in Fig 1

The morganic 1odide of the blood is either excreted by the kidney or
taken up by the thyroid The relauve efficiency of these two processes
deternunes the fraction of the jodine of the diet which enters the gland
Application of this principle 1s the basis of the familiar uptake test of

® Assistant Professor of Medicine, Harvard Medical Schoof, Boston, Mass . USA, A wan,
Meducal Service, Massachusetss General Hospital, Boston, Mass, USA " » Associte Physcan.

— 261 —



260

90
91

92
93
94,
95,
96.

97

98.

99
o0

101
102
103
104,
105,
106
107
108
109
"o
.
uz
n3

e,

s
15
uz
18
19

120.

121

F. W. CLEMENTS

Raben, M S (1953) J. clin, Endocr , 13, 469

Raman, G & Beierwaltes, W, H, (1959) J clin, Endocr., 19, 228

Richards, C. E., Brockhurst, R J. & Coleman, T. H (1949) J. ¢ln. Endocr , 9, 346

Rrenhoff, W F, jr (1931) Medicine (Baltimore}, 10, 257

Rundle, E F. (1951) Joil's discases of the ihyroid gland, London

Salm, R (1954) J Obster. Gynacc. Brit Lmp., 61, 831

Sardima, Comntissione nomnata d’ordine di S M. il re & Sardegna per studuare il
cretinismo (1848) Relazione della comissione . ., Tonno

Saxén, E A & Saén, L. O (1959) Docum Med. geogr trop, (dmst.), 6, 335

Scrimshaw, N § (1954) Bol Ofic, samt panamer , 36, 277

Shore, R A & Andrew, R. L (1929) Goutre in school-children. Wellington, N Z.

Silberschmudt, W (1928) Die Prophlave des endenuschen Kropfes  In. Comptes
rendus de la Conference internationale du goitre, Berne, 24-26 goir 1927, Berne,
p 498

Smallptece, V' (1949) Lances, 1, 565

Smeby, B (1953} Nord Med, 50, 1304

Sokal, } E (1953) J Amer med Ass, 154, 1321

Spence, A W. (1952) Bnt. med 1., 2, 529

Spencer, J G. C (1954) Brit J Cancer, 8, 393

Spencer, 3 G, € (1955) Proc royv Soc Med, 48, 553

Stacpoole, H H (1953} Buff &S fihk Org . 9, 283

Stanbury, § B, & Hedge, A N (1950} J cln Endocr, 10, 1471

Stanbury, J B. & Quendo, A (1957)J chn Endocr., 17, 503

Stocks, P. (1927) Biometrika, 19, 292

Stott, H. et al (1931} Indian J med Res. 18, 1059

Stort, H & Gupta, S P (1934) Indian J. med Res, 21, 655

Swan, C. et al (1943) Med J Aust, 2. 201

Taw, L. (1875) Ldinb, med J, 20, 993

Virbiro, B, Szava, I & Koch, S, (1953) Gyermekgydgydszar, 4, 10

Warkany, J & Sclkirk, T K. (1955) Amer J Dis Child, 89, 134

Wegelin, C. (1926) Munch. med. Wschr, 71, 1554

Wegelin, C (1946} Praws, 35, 601

wilkins, L, Clayton, G. W & Berthrong, M. (1953) Pediatrecs, 13, 2.

World Hcalm Orgamzation, Study-Group on Endenmc Goutre (1955) Bu” wid
Hith Org., 9, 293

Wyndham, N, (1940) Med, J Aust, 1, 756



PHYSIOLOGY 263

Trapping depends upon cellular integrity and respiration,* > and upon
the presence of sulfhydryl groups!® Oxidatve phosphorylation is also
involved in the trapping of 10dide,’*

Thiocyanate and perchlorate 1ons prevent iodide trapping,*: * per-
chlorate being about ten times as patent as thiocyanate. If either of these

t is admi d after ping has occurred, trapped rodide is
rapidly released from the gland, but sodime which has been chemcally
bound to todinated tyrosines or thyronines is retained Chronic administra-
tion of thiocyanate may cause goitre, a result that has been observed in
certain patients treated with this substance for hypertension It 1s not
known whether throcyanate and perchlorate jons block trapping by mter-
fering with cell-membrane transport, or by competing for binding sites
withn the gland

The trapped 10dide of the gland is oxidized by an oxidative system of
the thyroid cell and immediately attaches itself at the 3-position or at the
3- and 5-posttions of the benzene ring of tyrosyl residues, which are present
1n peptide Linkages. This step 1s specifically blocked by the antithyroid
drugs related to thiourea Fawcett and Kirkwood !# have described a
tyrosme-oxidase system which they believe to be responsible for the forma-
tion of dotyrosine, M d ine appears in homogenates of
thyroid tissue incubated wath added 2*!] 838, 41 Under normal circumstances,
neither monolodotyrosine nor dnodotyrosine escapes into the crrculation %
The oxidation of rodide and 10dimation of the tyrosyl residues may simply
proceed side by side, or the 10dide may first be activated to an intermediate
storage form of jodine which requires the presence of a transfernng enzyme
before it can react with the tyrosmne. Free or peptide-linked tyrosine 1s
1odinated by 10dine without the agency of enzymes in vitro, but 1t 1s probable
that, 1n the gland, the rate at which 10dination proceeds 1s governed enzyma-
tically

There is evidence that peroxidase 1s concerned 1n 10dide owadation
Not only has peroxidase activity been demonstrated many times 1n thyrodd
tissue, but the oxidation of rodide, which 15 rather spectiic to thyroid
tissue, 1s mhibited by catalase, Further, a variety of substances, such as
thiourea and resorcinol, which inlubit the conversion of 1odide to orgame
compounds by thyroid slices or i vivo, erther nhubit the peroxide-peroxi-
dase system or act as competitive substrates for 1t 38

It has been suggested that the only for iodide oxid
are oxidizing condittons and the presence of large amounts of todide;
this smplies that there may be no specific iodide oxidizing system 1n the
thyroid gland  The colloid has a high oxidation-reduction potential, but .
this 15 lowered by substances which have antithyroid activity, such as
thtouracil 1® The possibihty remarns that a spectfic electron-transfer system
exists for converting rodide to rodime. -
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FIG 1. SIMPLIFIED DIAGRAM OF METABOLIC CIRCUIT OF IODINE
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thyrod function using radioactive 1odine. The normal kidney clears of 1ts
contaned 10dide approximately 35 ml. of plasma per mnute. The normal
clearance of 10dide by the thyrord 15 slightly less, but may be much more 1f
the patient has been deprived of todine. Renal clearance of the rodide 1s
not attered by rodine deficiency in man

Accumulation of Todide by the Thyroid

The resting thyrosd maintains a concentration of iodide against the
plasma which 1s normally of the order of twenty to one but may mcreasc
to several hundred to one 1n the hyperplastic gland. The thyrowdjplasma
ratio 1s governed by the thyrotropic hormone, but st 1s also mfluenced b.}’
the quantity of stored 10dine within the gland itself1® % The ratio is
constant over 3 wide range of plasma concentration of iodide, but with
increasing on the ratio Iy falls toward 05:1 as the
trapping capacity of the gland approaches saturation.

Trapped fodine 15 exchangeable with the fodide of the blaod; 1 g
found not only 1n the parenchymal cells, but 1 the collord a5 well %
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normal thyrord ussue.®” It 15 interesting and possibly relevant to the prob-
lem of endemic goitre that diiodotyrosine has been tentatively identified
m the serum of two patients with *endemic crefinism ™ in northern
Italy.®

One of the principal unsolved problems of the thyroid 1s the nature of
thyroglobulin with respect to the iodiated amino-acids There is every
reason to suspect that thyroglobulin may contain widely varying amounts
of these amino-acids, and yet such varrability 1n amino-acid content and
n the sequence of amino-acids ts not 1n keeping with current concepts
of the specificity of protein structure. It may be that the amino-acid sequence
1s fixed but that the degree of jodination can vary, or that the iodnated
amino-actds are at N-termunal or C-termunal positions and can vary with-
out altering the backbone of the thyroglobulin molecule. Roche et al.%
have found that n pork thyroglobulin some of the T,, DIT, and tyrosine
residues occupy N-terminal positrons. Most of the DIT and T, residues
were internal, T; and MIT were not found at N-terminal positions, Pan-
creatn released MIT fisst, followed by DIT, from thyroglobulin Ty and
T, came off more slowly.®® Little else 1s known of the fine structure of
thyroglobulin

It 1s posstble that the strongly stimulated thyroid gland may secrete
newly formed thyroid hormones directly nto the blood, but under normal
crrcumstances T, and T, are released as needed from the thyroglobulin.
The proteases and peptidases which have been extracted from the thyroid
lack specificity for thyroglobulin  The protease has a pH optimum of 3 5
and 1s much more effective against haemoglobin than agamnst thyroglobulin
The peptidase has a pH optimum near the neutral point

Circnlating Hormone

Thyroxine comprses 60% to 90% of the circulating 10dine, The re-
mainder 1s trnodothyromne and possibly 3,3"-diiodothyronine  Circulating
thyroune 1s tightly bound to a specific carrier protemn which has an electro-
phoretic mobility very close to that of a,-globultn A small fraction of
thyroxine 1s also bound to alburmin - Trilodothyrontne is more loosely bound
to protein and 1s more generally distnibuted among the various sefum com-
ponents  Thyroxie and truodothyronine can be removed from the blood by
extraction with acid butanol Sigmficant vanations in ratios among the
1odinated componenits of the serum have not been definitely associated with
specific disease states

The quantity of circulating 1odine 1n the serum which 15 precipitable
with the serum protems (PBI; SPJ) serves as a useful measure of thyroid
functton Normal values lay between 3.5 and 8 pg per 100 ml Concentra-
tons below 35 suggest hypothyroidism, unless prior adminstration of
certain 1odinated substances, such as those used yn visualization of the gall
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Hormone Formation

The generally accepted pathway of hormone formation 1s by condensa-
tion of two fodotyrosme residues, with extruston of an alanine group.
Conceivably, a vaniety of substances could be formed, and the number 1s
still greater if one of the condensing restdues 1s tyrosme stself. The possi-
bilities are as follows:

3,5-duodothyronmne
5 -

3.3~ -

3-monorodothyromae

3. “

3.5.3"“truodothyronine

3,3".5,5 “tetraiodothyronine (thyroune)

Thyrowine was the first of these compounds to be identified in the gland.
The discovery by Gross & Piti-Rivers '3 1n 1952 thar 3,3",S-trodothyronme
15 present 10 the thyroid has been followed by the umportant studies of
Roche and his colleagues 3 wluch have indicated that several other iodinated
thyromines may also be found in the gland Promunent among these 1s 3,3"
duodothyromne. It has not yet been shown with certainty that the scheme
of formation of the 10dinated substances of the gland 15 indeed that de-
scribed above, nor 1s 1t certarn that any substance other than thyroune 1s
secrefed by the gland

Storage and Release

The todinated tyrosines and thyrontnes of the pland are stored mn
peptide inkages as components of the thyroglobultn  Normally, and under
condittans of nereased glandular activity, the thyroid cells may secrete
hormone directly into the blood without intermedtary storage. Thyroglo-
bulin 1s 2 compound of high molecular weight which is broken down by
the action of cathepsins * 2 into components which are smail enough to
traverse the epithehial cells of the gland and enter the body The fate of
the monorodotyrosine (MIT) and duodotyrosne (DIT) released i the
course of proteolysts of thyroglobulin was unknown until Roche et al *
postulated and found a specific derodmase in the gland which removes

- 1odine from these two compounds. Thus, normally, they do not reach the
petipheral blood. Several patients with congenital gortre and hypothyrot-
dism have been descnibed who appear to lack the tissue deiodmase
Large amounts of monotodotyrosine and duodotyrosine were foun'd in the
pertpheral bleod of these patients, and tissue shices from the thvroid gland
of one of them were unable to dehalogenate diiodotyrosine, in contrast to
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normal thyroid tissue,2? It 1s interesting and possibly relevant to the prob-
lem of endemic gortre that diiodotyrosine has been tentatively identified
m the serum of two patients with “endemic cretimsm ™ 1n northern
Italy.®

One of the princtpal unsolved problems of the thyroid 15 the nature of
thyroglobulin with respect to the 1odinated amino-acids There 1s every
reason to suspect that thyroglobulin may contain widely varying amounts
of these armno-acids, and yet such vanability 1n amino-actd content and
m the sequence of amno-acids 15 not in keeping with current concepts
of the specificity of protern structure. It may be that the amino-acid sequence
1s fixed but that the degree of todination can vary, or that the 1odinated
amino-zcids are at N-terminal or C-terminal positions and can vary with-
out altering the backbone of the thyroglobulin molecule. Roche et al 3
have found that mn pork thyroglobulin some of the T,, DIT, and tyrosine
residues occupy N-terminal positions. Most of the DIT and T, residues
were mternal T, and MIT were not found at N-termunal positions. Pan-
creatin released MIT first, followed by DIT, from thyroglobulin. T, and
T, came off more slowly.” Luttle else 1s known of the fine structure of
thyroglobulin,

It 15 possible that the strongly stimulated thyroid gland may secrete
newly formed thyroid hormones directly into the blood,** but under normal
circumstances Ty and T, are released as needed from the thyroglobulin
The proteases and peptidases which have been extracted from the thyroid
lack specificity for thyroglobulin  The protease has a pH optimum of 3 5
and 1s much more effective against haemoglobin than against thyroglobulin.
The peptidase has a pH optimum near the neutral pormnt

Circulating Hormone

Thyroune comprises 60% to 90% of the circulating 1odine The re-
mainder s trnodothyromne and possibly 3,3’-dnodothyronine Circulating
thyroxne 1s tightly bound to a specific carrier protein which has an electro-
phoretic mobihty very close to that of a,-globulin A small fraction of
thyroxine 1s also bound to albumin  Truodothyromine 1s more loosely bound
to protein and 1s more genetally distributed among the various serum com-
ponents  Thyroxme and truodothyromne can be removed from the blood by
extraction with acid butanol Sigmificant vanations 1n ratios among the
1odinated components of the serum have not been definitely associated with
specific disease states.

The quantity of arculating jodine n the serum which 1s preciprtable
with the serum proteins (PBI, SPI) serves as a useful measure of thyroid
function Normal values lay between 3.5 and 8 g per 100 ml Concentra-
tions below 35 suggest hypothyrowdism, unless prior admimstration of
certain rodinated substances, such as those used 1n visualization of the gall
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bladder, has obscured the test, The rate at which the circulating hormones
are used (and replenished in the equiiibrium state) depends at least in part
upon thesr concentration  Normally, the thyroid gland secretes between 100
and 200 pg of hormonal sodine daily, and this is turned over in the periphery
ata rate of approximately 109 per day. The secretion rate and the turnover
are faster 1n patients with hyperthyrordism.

Perhaps the most subtie and difficult problem in the study of the thyroid
has been the nature of the reaction produced upan cells by the thyroid
hormone It has been suggested that the hormone dissociates (uncouples)
ovidative phosphorylation, so that oxidation proceeds without the formation
of a proportional amount of phosphate bond energy.! % 4 There is
perhaps less evidence to support other theories which have been proposed.

Much of the 1odine from the thyrord hormones is split off and returned to
the plasma as 10dtde to re-enter the metabolic cycle, Some of the hormone
may be igaied or partially degraded, and appear in this altered form
the bile and possibly also in the unine

Control of Function

The thyroid gland s under tnipartite control. The best understood ‘of
these regulatory mechanisms 1s the anterior-pitwitary—thyroid relationship.
The rate of secretion of thyrord-simulating hormone (TSH) depends upont
the concentration of thyrord hormones circulating 0 the blood  Secretton
of TSH can be mhibned by administration of appropriate amounis of
thyroxine or of trnodothyronine. When the thyroid ts removed, the produg-
tion of TSH mereases, at least for a ime Removal of the hypophysis
results 1n a reduction of thyrowd function, and m man thyrod activity
may be suppressed completely.?® Thus, the TSH-producing celis of the
hypophysis and the thyrord appear to exist it a dynamuc state of balance
(feed-back)

The circulating thyrord hormones in the plasma may have a direct
regulatory effect upon thyrard function. Cortell and Rawson ® observed
that the stze and cell hetght of the thyroid gland of TSH-treated hypophysec-
tomized rats could be influenced by various doses of thyroxine. Their
observations are subject to the alternative explanation that the exogenous
thyrouine may have altered the rate of disposal of the exogenous TSH.
Halm ' has found that the responses of the gland are dependent i part
upon the sodme content of the gland Supporting evidence has been
furnished by VanderLaan & Caplan  and by Wahlberg.®!

It can be seen that the regulatton of the gland is complex and mcom-~
pletely understood The relative contribution of the sevc.ml regulam'fy
influences 1s not known, noc is it knowa to w.hat degree ﬂ‘le Yagaus m:ta'l;osg
steps in the gland can be ly z{nd depend: tly. o ohoe
stimulates all aspects of glandular activity, such as iodine uptake, p!
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phorus uptake,® hormone release, etc , but equal strmulation does not always
occur because there are states of disequilibrium where the gland 1s storing
todine faster than 1t 1s secreting hormonal 10dine, or vice versa.

Todine Deficiency and Endemic Goitre

There 15 a vast amount of information on the effect of iodine deficiency
on the function of the rat thyroid Hyperplasia of the gland can be readily
produced,® and this effect can be enhanced by feeding chloride, but
chloride has no similar noteworthy 1odouretic effect mn man (D. S. Riggs &
J. B Stanbury, unpublished data) Calcium also causes enhanced growth of
the 10dme-deprived rat thyroid  Quendo et al.?® have found that in rats
deprived of 1odine there 15 a relative increase in the amount of labelled
1odine which is present 1n the monolodotyrosine fraction of the gland Itis
beyond the scope of this chapter to review all the findings from antmal
studies The reader 1s referred to the paper of Barker 2 for an introduction
to the Lterature concerning the general physiology of the thyroid. This
chapter will be principally concerned with studies wiich have been made
upon patients and where the weight of evidence has indicated 10dine de-
privation as the sole predisposing factor. With few excepuions, study of
endemuic goitre as performed with modern methods has consistently fur-
nished information which has been m accord with a situation of rodine
deficiency n the diet

If the assumption 15 made that patients are nearly in equilibrium with
their environment 1n respect to dtetary 10dine, then the daily uninary excre-
tion of jodine can serve as a most useful mndex of the quantity of 10dine
which the patrent 1s ingesting  Surveys of the uninary excretion of rodine by
subjects living 1n endemic goitre regions have disclosed a mean rodine
excretion which 1s much lower than that of persons in areas where endemic
goitre does notexist (the Netherlands,” Argentina,? Venezuela,”” Finland 2)
Datly excretion rates of less than 10 ug may be a commonplace.

In the ltmited number of observations which have been made, the serum-
precipitable 1odine of patients with endemic goitre has not been far different
{rom that of normal control subjects Lamberg, Wahlberg, and Kuhlback®
found that certam of their patients with goire 1n Finland had subnormal
values for SPI Observations m endemc goitre areas made by Terpstra 47
using 7l showed normal PBI values, bothin patientswith goitre (5.2 £SD0 5),
and 10 control subjects (56+SD 10) The statistical disperston of serum
concentrations found among patients in western Argentina was greater than
in a control series, but the mean value was very nearly the same

The low ingestion of 1odine 1s reflected 1n the increased avidity of the
thyrod gland for 10dine  Tius 1s tllustrated in Frg 2, which 1s taken from a
study of endemic goitre in western Avgentina © It 15 seen from the figure
that, with considerable uniformity, patients with low amounts of 10dine 1n
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FIG. 2. RILATIONSHIP BETWLEN EXCRETION OF IODINE AND UPTAKE OF
RADIOACTIVE IODINE IN A GRGUP OF PATIENTS FROV[ WESTERN ARGENTINA

.
2
2
2
s
PR
2w . .
-A .
wl. .
Ly
. -
m .
s . . . .
TR TR TR e e e

g ™ per 24 hours

Reproduced by ind permission of the eduors of the
Journat of Clinical Endocrinologe and Afctabolism

the unne demonstrated a hugh avidity for rodine, as mndicated by the en-
hanced uptake of 13[, whereas those patients who had succeeded 1n obtain-
1ng an adequate supply of 10dine exhibited uptake values which would be
dered normal in no! d regions, Entirely similar findings have
been obtained 1n the Netherlands 47 and 1n Finland 2
The uptake of 10dtne by the thyroid of the patient with endemic goitre 1s
usually found to be greater than normal. This was recognized long ago from
a study carried out with the stable 1sotope of 10dine !* and has been amply
confirmed by more direct measurements made recently 237 42,97 with ™3]
A typical study tllustrating this fact 1s shown in Fig 3. The authors®? have
compared their findings 1n an endemic area (Bailadores) and a non-endemic
area {Caracas) of Venezuela with those obtained by Skanse in a group
of normal subjects observed in Boston, Massachusetts While there 1s an
overlap between the two curves of distribution, many patients with endcm.lc
goitre have uptake values which would be higher than normalif found in
panents from a non-endemic distict  In an ssolated mountatnous arefl of
Venezuela, Roche % has observed high uptake values of I in subjects
without gortre. Obviously, the *'1 uptake test has serious hmitations and
may be of no value in patients from 2 non-endemic district This has proved




PHYSIOLOGY 269

FIG. 3. COMPARISON OF RADIOIODINE UPTAKE BY PATIENTS IN A NON-ENDEMIC
ZONE (CARACAS) AND AN ENDEMIC ZONE (BAILADORES) OF VENEZUELA

Number of sublects

Radioiodine uptake by the thyrold
{% of administered dose after 48 hours)

>

Caracas (average 37%) B Baladores (average 74%)

With goitre Sithout gortre

Reproduced from Roche et al * by kind permission of the
editars of the Jowrmal of Clmcal Endacrnalogy and dletabslim

to be an awkward problem mn applying the uptake test to clinical situations
in endenue regions

The pioneer work of Greer and Ius associates * on the effect of certamn
foods on thyroid function has indicated the possibaity that m certawn cases
endemic goitre might be the result of 2 specific goitrogen 1n the dret  Such
substances inhibit the uptake of rodine by the gland. In Tasmamia, Clements?
has found that mulk from darry cows fed upon chou-moelher (marrow-
stem kale), a plant of the Brassica genus, may, upon ingestion, inhibit the
accurmnulation of radioactive jodine m the thyroid gland. On the other
hand, A. Costa (personal communication) has found the uptake to be the
same 1n the imhabrtants of certain goitrous areas of Italy as 1n normal con-
trol subjects He has also found high uptake values for ¥ 1n subjects
with endemic cretinsm, together with normal to high readings for the
protemn-bound 1odine content of the serum ? On the other hand, Raman &
Beterwaltes® have found the PBI values to be somewhat lower m cretinous
than 1 normal subjects

If 1odine 1s restored to the daily diet of the 1odine-deprived subject, there
1s a slow readjustment of 10dine retentron until a new state of balance is
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achieved, and duning this pertod there 1s 2 net gain of iodine in the thyroid
gland. The net gain depends upon the initial degree of depletion and the
size of the daily supplement. The adjustment to a new equhbrium state may
take several weeks or longer. These principles are fllusteated in Fig. 4.
Groups of patients with endemic goitre and himited dretary iodine were left
on therr own household diets and were given supplements of potassium
todide tn various amounts. The period af abservation was nat loag enaugh

FIG. 4. EFTECT OF DAILY SUPPLEMENTARY DOSLS OF POTASSIUM IODIDE OV
UPTAKE OF RADICIODINE BY PATIENTS FROM AN ENDEMIC
AREA OF ARGINTINA
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for complete readjustment to take place, but the trend was evident. When
the daily supplement was 150 ug, the net retention of sodine was estimated to
be 5 8 mg in 99 days. When the supplement was 1500 ug daily, the retention
was 34.1 mg over a pertod of 33 days. One of the patients i the latter group
q ped thyr

The fraction of a single dose of iodmne retained by a patient with endemic
goitre 15 constant over a wide range, but at lugher dose levels the fraction
decreases as the capacity of the gland to absorb iodine from the blood
approaches saturation. A group of patients with endemtc goitre were given
control tracer doses of I, and later tracers of ™I supplemented with
widely varying amounts of carrier 71 The results (Fig 5) suggest that
most of the iodine above 5 mg 1s rapidly excreted by the kidney.

FIG 5. EFFECT OF A SINGLE DOSE OF IODINE ON THYROIDAL UPTAKE
OF SIMULTANEOUSLY ADMINISTERED RADIOIODINE
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Both in normal subjects and in those with endemtc goitre, admimistration
of desiccated thyroid intubits the acuvity of the gland, presumably by causing
dimunushed production of TSH by the anterior pituttary Observations on a
group of subjects with endemic goitre are illustrated m Fig 6 In 7 out of
9 pattenss, 65 mg daily of desiccated thyrotd caused a significant fall m up-
take of radiorodine Increasing the daily dose to 100 mg caused a further fall
n uptake i all but one patient These responses are comparable to those ob-
served i normal patients, and much greater than those seen after admunistra-
tion of thyroxine or truodothyronine to patients with Graves® disease, where
mitial uptake values are comparable to those seen 1n endemc goitre patients
These observations are conststent with the interpretation that the thyroid
gland of the patient with endemuc gortre is under an mcreased stimulus from



272 J. B, STANBURY

F1IG 6. EFFICT OF ORALLY ADMINISTERED DESICCATED THYROID ON UPTAKE
OF RADIOIODINE IN PATIENTS WITI{ ENDEMIC GOITRE IN WESTERN ARGENTINA
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the anterior piturtary gland, or that the thyroud 15 more susceptible te
TSH stmulation.

The 1odine cantent of the endemic gottrous gland varies widely, bt the
concentration of 10dme n the gland 1s usvally Jower than normal, These
observations were made long age by direct analysis of glands surgically
temoved.® The thyroid jodme comtent has also been catculated from
urmary measurements of 370 and 19 after a tracer dose of ™Y, and
from i ¥ivo data obtained from patients with endemc poitre.? These
values varted from 260 to 12600 pg of jodine in seven patients scudied.
1t was observed that the release of labelled 1odine from the gland depended
upon the quantity of iodsne contained therein. Those patients whose thyroid
jodine was fugh appeared to discharge fabelled iodine from the gland at
2 net rate which was proportional to the contamed todine. No such simple
relationship was obtamed when the thyroidal iodine was low; in !his. case,
the patients released labelled jodine in such & way as to suggest that it was
being given up by two separafe and disunct compartments in the gland
One of these was thought to be the cells, which were releasing newly formed
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hormone rapidly and directly 1ato the blood. This compartment was small
and had a rapid turnover. The other was thought to be a larger compartment
with a much slower turmnover, possibly the collord stores  The type of release
shown by a patient with low thyroid jodine content is illustrated in Fig, 7.
Simular curves may be seen in patients with vigorous thyrotovicosss, In

ne. 7.
QF A PATIENT WITH ENDEMIC GOITRE AND LOW THYROIDAL CONTENT

RELEASE OF LABELLED JODINE AND ITS APPEARANCE IN THE URINE
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patients with endemic goitre Terpstra ¢ found that the average PBI values
24 hours after admunistration of a tracer dose of ™ were within normal
timits (<0 35% of the dosc per htre of serum; sec table below). These
observations led to the conclusion that the total thyroid jodine content in
the wvestigated ¢ases did not duffer from the totat iodine content of normal
glands.

URINE JODINE EXCRETION AND PRI VALUES OF A GROUP OF PATIENTS
WITR ENDEMIC GOITRE (N THE NETHERLANDS
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Conversion ratio = ooy

Afer Terpstea

The thyrosd gland of the endemic gottre patient 15 responsive to ceriam
antithyroid drugs and to thyrotropic hormone  Admunistration, for exampie,
of methimazole (I-methyl-2-mercapto-mmdazole), causes an accelerated
release of labelled 1odine from the gland as the drug produces us charae-
teristic inhsbition of re-utihzation of todine released through the penpheral
gdegradation of hormone (Fig 8). Further merease m the ra.te of release
of 1odine from the gland ocours when thyrotropin 15 admunistered, The
Iatler observation indicates that these glands are responstve 1o eXORCROUS
thyrotropin even though they are afready bemg stimulated by that hormone.

There are fragmentary data which suggest that there may be qualitative
abpormalities of rodine metabohsm m endemie goitre, G. Esgnb:\r &
F. Escobar del Rey (personal communication), studying endemic gotre
near Granada, Spain, have found that certain patients, afthough not all,

may have a considerable fraction of serum fodme winch s precipitable
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FIG. 8. EFFECT OF AN ANTI-THYROID DRUG, METHIMAZOLE, AND A THYROTROPIC
HORMONE ON THE RELEASE OF LABELLED IODINE FROM THE THYROID
OF A PATIENT WITH ENDEMIC GOITRE IN WESTERN ARGENTINA
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with the wsual protemn precipitants and is extractable into acid butanol,
but which, unlike thyroxtne and truodothyronune, 1s extractable from butanol
by alkali The nature of this substance 1s not known, The observation of
Costa et al.® that two out of ten subjects with endemuc cretinism had diiodo-
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tyrosine in the blood may be important and needs confirmation and further
study. Apnft from this, there is no evidence that an abnormal jodinated
component is present 1n the blood of patients with endemic goitre.
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THE STUDY OF EXPERIMENTAL GOITRE

Professor StepHAN MILCU *

Introduction

Research on experimental goitre offers an opportunity of studying the
factors involved 1n the appearance of goitre and their mode of action, as
well as changes 1n the structure and function of the thyroxd and therr
effects on the body. It 1s thus posstble to conduct expeniments based on the
conditions obtaining 1 endemuc areas and to study the various factors
encountered there

At the beginning of our research we took 1t for granted that endemic
goutre required for sts explanation a shortage of jodine acting concurrently
with a secondary hypersecretion of pituitary thyrotropic hormone (thyroid-
stimulating hormone TSH) and with other factors influencing pitustary
thyrotropic action and thyroid function Our present knowledge of 1odine
metabolism rases the questton whether there exists an iodine shortage of
endogenous ongin, due to vartous causes—faulty mtestmal absorption,
faulty uptake by the thyrotd, or excessive excretion of 10dine. In endemc
areas these vanous factors clearly come into the picture by aggravating
10dme shortage of ongin; 1n denmc areas they are res-
ponsible for the appearance of sporadic goitre

The recent work of Cassano et al * shows i what chmical conditions
goitre may appear We, too, have studied the possible effects of certain
hormones on the lhy[old 1n which a kind of endogenous 10dine shortage
appears as a d The of these hormonal
forms of goitre receives clmxcal confirmatton in the goitre of puberty and of
pregnancy

Although knowledge of the role of the nervous system 1n the production
of goitre 1s imited, some mention should be made of the part known to be
played by the diencephalon 1n increasing the output of TSH when the diet
1s deficient 1 10dme and of the action of the autononuc system on the
thyroid We have also carried out research n this field

* Member of the Academy and Diroctor of the Academy Institute of Endocrinology, Bucarest, Romania
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The lesions of endemic goitre are very polymorphic, and develop slowly
and conttnuously. First to appear are the Jestons found in parenchymatous
colioid goitre; then the lesions of nodular goitre develop, and finally those
of d 1ve fibrous ditions of the thyrord. While the first stages of
this process arc explicable 1n terms of 1 by TSH caused by lack
of todne, the occurrence of the subsequent stages is less easy to understaad,
It may be assumed that thyrowd antibodies are avolved, and are able to
aggravate the imual gostrogenic lestons

From the beginmng of our research we have accepted the 1odine de-
ficsency theory—the theory that sodine defictency 15 an essential factor in the
production of gortre, whatever the exact process culmmating in the goitre
We have hardly touched on the agents resp for 10dine defi
studymg rather the endogenous factors involved in an increased or de-
creased response of the thyroid to an inadequate supply of rodine  From
this standpont we have taken a very wide view of the problem, bemng ready
to regard any factor at all as capable of affecting 10dine metabolism and
especially of preventing 1odine from being taken up by the gland or taking
part 1n hormone synthesis  Our research work has been spread over nearly
ten years and carried out in the face of many vicissitudes—hence its in-
completeness

Qur results make a small contribution to knowledge of expertmental
goitre Goutre has been produced experimentally by a diet rich 1 cabbage,®
by a diet poor 1n 10dine,’® by sulf: dine," and by th 1.3 We
have uscd these different experimental methods to produce goitres in rabbuts,
guinea-pigs, and rats; but we also studied the effects of variations of ncu@l
or frormonal function and of auto- or jso-tmmunization. The results in
some cases were unexpected and difficult to mnterpret—for mnstance, with
the long-term changes in the level of 10dine 1n the blood, 1n oxygen con-
sumption, and in iodine uptake after injection of Novocaine or rubber into
the thyroid These results throw some hight on the unfavourable effects
of sclerotic lestons in the thyroid, which behave, in fact, as mnclusion bodres,
Our most recent studies are on the relagronships between the pathotogy of
thyro:d and the devel of d or drog-nduced
gostre. As in the other experimental fields, our results raise more problems
than they solve.

Influence of the Central Nervous System on Experimental Goitre

The influence of the nervous system has been hitle studied i research
into the pathogenests of goitre, and yet present-day knowledge o_f the close
relations between the nervous system, the pitwitary, and the thyrol‘d compels
us to acknowledge such an influence, We embarked upon 2 certain number
of experiments {0 study what effects the Femml or peripheral nervous system
might have on the action of gottrogenic substances. For this purpose we
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sought to stimulate or inhibit these nerves by low-1ntensity electric shocks,
decortication, interruption of the ic or p hetic supply
to the thyroid, blocking of the sensory receptors in the thyroid by Novo-
caine or irritation of these receptors by injections of rubber or substances
Itke chloralose and chlorpromazine,

Goitre caused by a diet rich in cabbage

In 1928 Chesney, Clawson & Webster ® observed that rabbits fed on
cabbage developed gostre even when they were given an adequate amount
of1odine The same phenomenon has been observed n guinea-pigs and rats

Our observations in the endemuc areas of the People’s Republic of
Romama have shown that a diet excessively rich i cabbage must be con-
sidered as an aggravating factor 1n endemec gottre and 1s undoubtedly the
cause of sporadic goitre 1n individuals consuming cabbage over long pertods
of the year.®!

Medvedeeva,'® Kabac,'* and Greer & Astwood 12 have also demonstrated
the role of the cyanides found in cabbages and other Cruciferae ¥¥ in the
production of endemic gortre

We set out to produce this type of expenimental gottre while altering
CNS function mn the experimental ammals  Male rats weighing from 100 g
to 130 g were placed on 2 diet containmg 509, of cabbage for a period of
50 days. One batch on thus diet was submutted to electric shocks from an
8-volt faradic current with sound-conditioned reflexes, and kept n a cage
constructed so as to produce an expenmental neurosis ¥ Another batch
on the same diet was given daily for 45 days itrapenitoneal injections of
1% chloralose solution designed to cause drug mhibitton of nervous
function

By excitation or inhibition of nervous function 1n this way we were able
to alter the intensity of the process of goitre formation inttiated by a det
rich 1n cabbage The were d 1n the foll way by
companson with the control rats the weight of the thyroid in the rats fed
with cabbage increased by 46 3%, 1n the rats with experimentally mduced
neurosss the weght increase was 65%; and n the rats gtven chloralose
the increase was 36 3%, At the end of the experiment, the basal metabohc
rate of the rats fed on cabbage was unchanged, in the rats with a neurosis
1t had gone up by 19 8%, and 1n the rats on chloralose 1t had gone down
by 6 5 "/

structural drffe n the
lhymxd between these three groups of ammals. By comparison with the
controls we found the usual changes in the thyroid of the rats fed with
cabbage, but 1n the rats in which a neurosis had been induced mrcrofollicular
hyperplasia occurred, with columnar cells, collosd, and areas of colloid
re-absorptton. In rats treated with chloralose, however, we found a dechne
1n the intensity of the process of gortre formatton,
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The lesions of endentec goitre are very polymorphtc, and develop slowly
and continuously. First to appear are the lesions found in parenchymatous
coflord goure; then the lesions of nodular goitre develop, and finally those
of d ve Bbrovs di of the thyrod. While the fiest stages of
this process are expheable n terms of stmulation by TSH caused by lack
of 1odine, the occurrence of the subsequent stages is less casy to understand.

It may be d that thyroid bodses are involved, and are able to
aggravate the imtial goitrogenic lestons
From the b g of our i we have pted the jodine de-

ficrency theory—the theory that iodine deficiency 1s an essenual fator in the
production of goitre, whatever the exact progess culminating 1 the goitre
We have hardly touched on the agents ble for sodine d A
studymng rather the endogenous factors involved i an ncreased or de-
creased response of the thyroid to an snadequate supply of 1odine. From
this standpoint we have taken a very wide view of the problem, bemg ready
to regard any factor at all as capable of aflecting rodine metabolsm and
especraily of preventing 1oine from bemng taken up by the gland or taking
part 1in hormone synthesis  Our research work has been spread over nearly
ten years and carned out mn the face of many wicsssitudes—hence 1ts tn-
completeness,

Qur results make a small contributton to knowledge of experimental
gontre, Gortre has been produced expenmentally by a diet nich m cabbage,®
by a diet poor in 1o0dine,’® by sulf: dme) and by thi 12 We
have used these different expenimental methods to produce goures 1 rabbits,
guinea-pigs, and rats, but we also studred the effects of variations of nevral
or hormenal function and of auto~ or tso-tmmumzation The resulls In
some cases were unexpected and difficult to mterpret—for mstance, with
the long-term changes in the level of rodine in the blood, in oxygen con-
sumption, and 0 10dine uptake after injection of Novocame or rubber o
the thyroid These results throw some hght on the unfavourable effects
of selerotyc lesions in the thyroid, which behave, in fact, as incluston bodies.
Qur most recent studies are on the tups between the pathology of
thyrotd 1on and the development of defi or driganduced
goitre. As 1n the other expertmental fields, our results raise more problems
than they solve.

nfluence of the Central Nervous System on Experimental Geitre

The influence of the nervous system has been hitle studied m research
sute the pathogenesis of goitre, and yet present.day knowledge of the close
relations between the nervous system, the pituitary, and the thyroid com;:eix
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sought to stimulate or inhibit these nerves by low-intensity electric shocks,
decortication, interruption of the sympathetic or parasympathetic supply
to the thyroid, blocking of the sensory receptors n the thyroid by Nosvo-
caine or irmtation of these receptors by injections of rubber or substances
like chloralose and chlorpromazine

Goitre caused by a diet rich in cabbage

In 1928 Chesney, Clawson & Webster ® observed that rabbus fed on
cabbage developed goitre even when they were given an adequate amount
of1odine. The same phenomenon has becn observed in guinea-pigs and rats

QOur obsenations in the endemic areas of the People’s Republic of
Romania have shown that a diet excessively rich 1n cabbage must be con-
sidered as an aggravating factor yn endemic gortre and 1s undoubtedly the
cause of sporadic goitre 1n indsvidual cabbage over long perods
of the year.?

Medvedeeva,® Kabac, and Greer & Astwood 13 have also demonstrated
the role of the cyanides found in cabbages and other Cruciferae * 1n the
production of endemic gotre.

We set aut to produce this type of cxpenmental goitre while altenng
CNS function in the expenimental amimals  Male rats werghung from 100 g
10 130 g were placed on a diet contarning 50%, of cabbage for a penod of
50 days One batch on thrs diet was submitted to electnc shocks from an
8-volt faradic current with sound-conditioned reflexes, and kept n a cage
constructed so as to produce an experimental neurosis ¥ Another batch
on the same diet was given daily for 45 days intrapenitoneal njections of
17 chloralose solution designed to cause drug mhibition of nervous
function,

By excrtation or inhibition of nervous function in this way we were able
10 alter the intensity of the process of gottre formation mttated by a diet
rich in cabbage The alterations were mamfested tn the following way* by
companson with the control rats the weight of the thyroid in the rats fed
with cabbage increased by 46 3%, 1n the rats with expenimentally induced
neurosis the weight increase was 65%; and n the rats given chloralose
the mcrease was 36 3% At the end of the expeniment, the basal metabohc
rate of the rats fed on cabbage was unchanged, wn the rats with a neurosts

1t had gone up by 19 8%, and in the rats on chloralose 1t had gone down
by 6.5%
Histol.

d. d q

i structural in the
thyroid between these three groups of ammals. By comparison with the
controls we found the usual changes in the thyrotd of the rats fed with
cabbage, but in the rats m which a neuros:s had been mduced microfollicnlar
hyperplasia occurred. with columnar cells, colloid, and areas of collord
{e-absoxpuon In rats treated with chloralose, however, we found a decline
in the intensity of the process of gostre formation.
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Goitre induced by methylthiouracil

In another sertes of expertments we studied the effects of decortication or
neurosts induced by electric shock on gotee caused by methylthiouracil.
We used male rats weighing 73 g to 130 g; adminstered 15 mg of methyl-
thiouracl daily for 3 weeks to one batch; carried out decortication by
cauterization 10-12 days beforc the admuni: ion of methylthi il in
another; and submitted a third group that had already received methyl-
throuracsl to daily electric shocks 32

At the end of the experiment, the thyroids and pitmtaries were excised
and d mn tadpoles 1n d: with the Vortkevici-Kabak tech-
mque,'* ¢ With this method the length of the tadpole’s intestine dimimshes
in proportion to the amount of metamorphogenic substances in the implant,
L.e, in proportion to the amount of TSH or thyroid hormone.

Our results (Table I) show that netther decortication alone nor electro-
shock affects the weight of the thyroid in rats If methylthrouracil is adminis-
tered at the same time, however, the goitre produced js very slight, and
the hormone content of the gland and the amount of TSH show little
change,

TABLE | WEIGHT AND HORMONE CHANGES IN THE THYROID AND PITUITARY GLANDS
QF THE RAT AFTER ADMINISTRATION OF METHYLTHIOURACIL AND AFTER
DECORTICATION

Reductlon In Jength of tadpole
Intestine (34

Weightof | Weight of
Bateh thyrold in mg | pituitary i mg attec after
implantation | implantation
of thyrold of pdurtary
Controts 94 43 134 .6
Methytthiouracit 267 ast 28 w04
oniy
Decortication only 09 4 34 s
Decortication plus
‘mathyithiouracit 138 435 218 “s
Etectroshock only 102 462 152 52
Electrashock plus
methyithiouracit 178 sor to9 a8

Action of chlorpromazine

In order to clucidate the part played by the CNS, we decided fo mnves-
tigate the effect of chlorpromazine. In a study of the range'ar action of
chlorpromazine 1n clinical and expenimental hyperthyrodism e l.xad
observed that it lessens thyrotd uptake of 1] and reduces the calorific action
of thyroxine to ml¥ We therefore admumstered to one batch of 1ats
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010 mg of thyroxine every other day for 10 days, and to another the same
amount of thyroxine on alternate days plus | mg of chlorpromazine mtra-
pentoneally every day for 10 days. We studied the basal metabolic rate
till 1t returned to normal  The oxygen consumption chart shows that chlor-
promazine reduces the action of thyroxine on the tissues (Fig. 1)

lodina uptake

FIG 2. INFLUENCE OF CHLORPROMAZINE
ON 10DINE UPTAKE

¥HO 6156

Days
W= Control
= Chlorpromazine

Four hours after the ad-
minstration of the 1 mg of
chlorpromazine, 0 84 pe of
[ wasinjected,and 4 hours
after this the 10dine uptake
was determined. Wecontin-
ued to give chlorpromazine
for 5 days, twelve-hourly for
the first two days, every 24
hours for the last three
Fig 2 shows that 1odine
uptake was invanably 10%
to 159 less than1n the con-
trol ammals

All these experiments
proved thatvanationinCNS
function 1nfluences the jod-
ine uptake of the thyroid
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Goitre induced by methylthiouracil

In another senes of expeniments we studied the effects of decortication of
neurosis induced by electric shock on goitre caused by methylthiouracil.
We used male rats weighing 73 g to 130 g; admimstered 15 mg of methyl-
thiouracil daily for 3 weeks to one batch; carried out decortication b
cauterization 10-12 days before the administration of methylthi i} in
another; and submitted a third group that had already received methyl-
thiouracil to daily electric shocks 3

At the end of the experiment, the thyroids and pituttaries were excised
and lanted 1n tadpoles in a with the Voitkevici-Kabak tech-
nique.* 5 With this method the length of the tadpole's mtestine dimmishes
1n proportion to the amount of metamorphogenic substances in the implant,
ie., n proportion to the amount of TSH or thyroid hormone.

Our results (Table I) show that neither decortication alone nor electro-
shack afects the werght of the thyroid 1n rats. If methyithiouracit is adminis-
tered at the same tume, however, the gaitre produced is very slight, and
the hormone content of the gland and the amount of TSH show lttle

change.

TABLE | WEIGHT AND HORMONE CHANGES IN THE THYROID AND PITUITARY GLANDS
OF THE RAT AFTER ADMINISTRATION OF METHYLTHIOURACIL AND AFTER
DECORTICATION

{ I Reduction fn fength of fadpale
intesting (%)
Weightot | Weightof | "
Batch thyrold In‘ma | pitutasy in mo fror after
imolantation | Implantation
of thyroid of pituitary
Controls 94 a3 134 46
Methylthiauracit %67 481 28 Y]
only
Decortication anly 99 415 134 456
Decortication plus
methylthiouracit 138 PE 2 “s
Electroshock only 102 462 152 52
Electroshack plus
methylthiouracit 178 301 1y 418

Action of chlorpromazine

Tn order to elucidate the part played by the CNS, we decided to'inves-
tgate the effect of chlorpromazine. In a study of the range of action of
chlorpromazine n clinical 2and experimental hyperthyrosdism we had
observed that st lessens thyroid uptake of *'I and reduces the calonific action
of thyraxine to mL* We therefore administered to one batch of rats
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Cervical sympathectomy had various effects on thiouracil-induced
goitre. Our experiments were carried out on 20 male rabbits whose werght
vaned between 1400 g and 2000 g. One batch of 10 received 005 g of
methylthiouracil daily for 21 days, another received the same amount of
methylthiouracil after 2 right umlateral sympathectomy At the end of the
experiment, both batches and a batch of controls were killed We found
that under the mfluence of methylthiouraci the thyrowd had generally
tripled in size, but that in the amimals which had had the unilateral sympath-
ectomy as well there was much less hypertrophy, particularly in the right lobe,
The changes in the ratio of thyroid to body weight were very charactenstic,
as shown i Table II

TABLE Il WEIGHT CHANGES IN THE THYROID OF RABBITS AFTER
SYMPATHECTOMY AND ADMINISTRATION OF METHYLTHIOURACIL

Weight of thyrold

Batch Average weight OR300 o
| body weight (mg)

of thyroid {mg)

Controls 226 580
Sympathectomy only 979 720
Methylthlouracll only 3833 2110

Methylthiouracil plus
sympathectormy 2014 1150

These experiments prove that methyl J-nduced goitre is modified
by the cervical sympathetic outflow The difference in weight between the
right and the left lobes confirms this finding.

Histological examsnation of the thyroid showed characteristic changes
n sympathectormzed ammals given methylthiouracil Whereas 1n rabbts
on methylthiouracil only we found the well-known picture of cellular
hyperplasia, with of colloid, ap of mitoses, and
marked hy ia, 1t sympath ized amimals there was very little
hyperplasia of the follicular cells, the tissue structure approximating to
normal  The mitoses were 1n process of disappearing, and collord was
visible m abundance (Fig 4)

‘We observed also that these structural changes appear both 1n the lobe
on the side of the sympathectomy and 1n the contralateral lobe, a findmg
that indrcates a reflex action mediated via the pituttary

These changes taken as a2 whole demonstrate that sympathectomy
reduces the goitrogentc effect of methylthyouracit and produces a goitre of
ruxed type, with colloid present, whereas methylthiouracil alone produces
a parenchymatous goitre (Table III)
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and also the intensity of acnion of gorrogenic factors, We believe that,
subjecs 1o certain reservations, the same phenomena may occur i man,
This view 15 supported by the Appearance and rapid development of £oitre
n individuals subjected 10 stress, and of hyperthyroidism or neoplastic
changes secondary to CNS hyperfunction. The findings also agree with
those of Amtragova 2 who made intncate studies on the influence of states
of CNS exartation, whibition, o BeUrosis on thyroid uptake of ] apg

the blood levef of ppy

Influence of the Autonomic Nenous System on the Production of Goitre

A question we ashed ourselves was wheth
2utonomic system ip the thyraid had any el

2 the peripheral neryes of the
flect on the pracess of goitre

formation  To answer this question, we embarked upon three sertes of
experuments- (q) study of 1odine uptake after denervation of the gland and
blocking of nerve impulses with Novocane, {8) parasympathetic denenation
and subsequent modification of (he fonre with methylthiouracit; # {c}
blockng of the nenve mpulses in the thyrord with Norocatne and sybse-
quent study of sodie uptake and the basal metabofic rate ; #3490 () 59
(e}, but substituting wfitration with subber for blocking with Nosocame. 2

FIG 3 INFLUENCE oF SYMPATHETIC
AND PARASYMPATHETIC RESECTION
ON IODINE UPTAKE AFTER 30 nours

{odine uptake

[ ot
m Sympathenc resecton

E Poras mparherc resecrion

The first series of exper-
‘ments was carried out on
26 adult rabbus, which were
&ven | 8ucof W] intrapen-
toneally after cervical sym-
pathectomy or section of the
taryngeal nerves. Measure-
ment of radioactivity was
done 3, 30 and 48 haurs
after admunstration of the
radioactive  1odine.  We
found that sesection of
the sympathenc or of the
parasympathetic nerves re-
duces todine uptake, the
mose marked effect being
produced by sympathetic
denervation (Fig. 3) It s
of imterest to note that
after parasympathetic de-
nervation the ratio of the
weight of the thyroid to
that of the body ncreased
by 1862,
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TABLE {ii. KISTOLOGICAL CHANGES I8 THE YHYROID OF RABBITS AFTER TREATMENT
WITH METHYLTHIOURACIL AND AFTER CERVICAL SYMPATHECTOMY

i
Diameter of] Height of Mitoses per I
Batch totiictes I cells Colloid 200 follcles |
|
Controls 369 ; 3r Present, with vacueles | [ 23 9
Right symaathectaemy | t Present, with yacules >
aniy Pows | se on
Methyithiguracit anty ECTI S U Absent 2w |
Methylthiquracit plus Present, with vacuoles H
symonthectamy w8 } 56 3 |
: i

These histologieal findings are explained by the fact that the administra-
Hon of yh 1is usually dwithad )
which slows down the thyrowd sesponse.

Histologteal examination of the pitwtary revealed an increase in the
number of basophuls and a decrease (to the pomt of disappearance) of the
cosiophls 1n animals treated with methylthiouracil only, both these pheno-
mena being less marked in sympathectomized ammals (Table IV).3

TAELE IV CYTOLOGICAL CHANGES IN THE PITUITARY OF RABBITS
FTER TREATMENT WITH METHYLTHIOURACH AND AFT]
CERVICAL SYMPATHECTOMY

5

f Batch Chromaphoties] Fosinophis ~ Basophis '
i % % | % .
‘

i ! | {
Controls 555 s a5 |

| Sympsthactomy anly 5060 I s | s ?
s Hethythourach snty B/ds - ' 555 '
Metbyhiourach phus !

sympathectomy 3 )

H
| !

These findings agree with research results showing that sympathectomy
lcssens thyroud rcsponse to exogenous TSH in experrmental animals. 1 15

probable that m tone partly explamns mdivi-
dual varability of resp to factors; this bil, y s found
o endemic areas. In ks h on thyroid diti

has maintaed the view that persons with colloid goitre Suﬁ':r from vago-
toma *

Influence of Nerves within the Thyroid

Changes in jodine uptake after intrathyroid injection of Ni i

Tao detecmune the sole of nerves within the thyroid in the appearance and
development of gottre, we studied the changes m basat metabohsm, in the
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FIG. 4 CHANGES IN THE THYROID IN THE RABBIT AFTER CERVICAL
SYMPATHECTOMY AND METHYLTINQURACIL

e,
"5‘-‘»3) 159,
Leilp 8l

AandB  Cenvical sympathectomy (Ax60, BX 180)
Cand D Methylthouraci! (Cx60, Dx 180}
E and F: Methylthwuracil plus cervical sympathectomy (Ex60. FX180)
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TABLE V RADIOACTIVITY OF FRESH RABBIT THYROID EXTRACT
AFTER INFILTRATION OF THYROID WITH NOVOCAINE

physlologicat
line

Batch of Radioactvity® per mg of extirpated thyrod |
snimats after 6 hours | alter 12 hours | after 24 hours

| |

Control 4 21 ‘ 605:27 o29:41 |

Injected with B =18 | 452821 J 594224

Navocarne } 1 ,

| | s

ted h T

D olan si1x22 | 850:38 |

! |

| S —

615-27 \
I

 Expressed In counts per minute by Geiger-Miller counter

Ingection of Novocaine into the thyroid s also followed by changes n
the blood-jodide level and n basal metabolism  The 1odide Jevel was
measured 1n 32 male rats weighing between 180 g and 220 g, before and

after two intrathyrord

of 0 1 ml of N

FIG. 6 CHANGE IN BLOOD-IODIDE LEVEL
OF RAT AFTER INJECTION OF NOVOCAINE

INTO THYROID

e

9
7
6
5
4
3
2

1
0

ladide per 100 mt blood

wro 6159

Control
Novocatne injected wnto thyroud

[ Phrsiotostcat saiine

D Puncture of thyrord (simulated myection)

"

m 0.4% solution,
given at 9 days’ interval One
batch of anmals recenved
physiological saline instead of
Novocaine, another had a
needle mserted into their thy-
roids without an 1injectron
being gtven, and a third batch
served as controls The rats
were killed 9-13 days after
the last injection® In the
animals that had recerved No-
vocaine injections we observ-
ed a blood-todide level varying
from 22 to 37 pg per 100
ml (average 29 pg per 100
ml), this level was 56 8% less
than the level m the controls,
which varied from 65 to 71
pg per ml (average 67 pg
per 100 ml) (Fig 6)

It 1s of interest to note
that the iodide level m am-
mals recerving physiological
saline was 31.4% less than
1 the controls, and that
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FIG 5 INFLUENCE OF NOVOCAINC uptake of radioactive iod-
INJECTED INTO AND AROUND THE THYROID  ine, in blood-iodide level,
ON IODINE UPTAKE and in tissue structure pro-

% 7 duced by injection of Novo-

50 came into the thyroids of
adult male rabbits and rats

40k Under conditions similar to

those of our experiments on

2 30/ the effects of cervical sym-
g pathectomy, we mjected a
2 2 0.5 solution of Novocaine
2 into the parathyroids and
1ok thyroids of rabbits and
measured thyroid uptake of

0 radroactive wdine after the

o 615 amimals had been given

50 pe of ¥ intraperiton-

eally.?! In these conditions

D Control 1odme uptake was 1319
24 hours after penithyroid

m Penthyroid wnyection of Novocaine mjectton  of Novocaine,

D Intrathyrowd ingection of Norocatne 184% after intrathyroid
jection, and 32.2% i the

control group (Fig 5)-

In another sertes of expenments, we studied the uptake of radio-
active 10dine m rabbits after injection of 0.1 ml of Novocane in
049 solutton into the thyroid lobes For companson, we exanined
the effects of physiological saline mjected under the same conditions
Sixteen days after this infiltration of the thyroid with Novocaine we
injected 50 pc of radicactive 1odine mtrapenitoneally. Extirpating the
thyroids, we measured their radioactivity with a Geiger-Miller counter
at the end of 6, 12, and 24 hours We found that at the end of 6 hours
the radioactivity per mg of thyroid ussue was 18.9% less than i the
controls, at the end of 12 hours 20 3% less, and at the end of 24 hours
38 2% less (Table V)

In ammals that had received intrathyroid injections of phystological
saline changes in iodine uptake were mintmal and of no real significance;
compared with the controls the uptake was mcreased by only 8 49 at the
end of 6 hours and 1.6% at the end of 12 hours, while 1t was decreased by
85% at the end of 24 hours

Sixteen days after the ntrathyroid njection of Novocaine the iodine
uptake rate was still less than that of the controls. Itis a matter for specuia-
tion whether this 1s due to lasting reflex changes or to lesions of the nerve

endings caused by the Novocane.
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Changed response of the thyroid to TSH and decreased secretion of TSH

The changes occurring after the mjection of Novocaine into the thyroid
could be due either to decreased secretion of TSH or to lowered thyroid
response to 1t. To study this, Vrabiescu et al#” injected 10 LU of TSH per
kg of body weight into guinea-pigs that had received an injection of Novo-
caine mto the thyroid 14 days earlier They found no significant change in
oxygen consumptiort and no change n the structure of the thyroid tissue.
1t should however be observed that the amount of TSH used was very small
and was mjected a fairly long time after the Novocaine The findings in this
experiment should therefore be treated with reserve, for 1t may be con-
jectured that the main change 1n the response to TSH occurs just after the
mjection of Novocaine.

We established one significant fact, that the disappearance of acetyl-
choline from the thyroid after injection of Novocaine still persists 14 days
after the mjection (Table VI)

TABLE VI CHANGES IN THE ACETYLCHOLINE CONTENT OF THE THYROID
4 DAYS AFTER ADMINISTRATION OF NOVOCAINE AND TSH

Numberof | Tofal acetylchohine |
Batch animals (0 per g of thyroid)

Contrals ! t 0094+003
Novocane

(njected into the thyroid}
TSH

(101U fhg body weight) 1284015

Noveca.ne plus TS|
T4 fkg body wemhl) 109501

The estimation of free and fixed acetylcholtne was carried out on the
abdominal muscle of the frog in accerdance with the technique used in
the Institute of Endocrinology, Bucarest.#* The mcrease of acetylcholine
m the thyroid after admlmslranon of TSH and its disappearance after
mjection of Novocaine show that N a
upon the thyroid.

That Novocaine injected into the thyroid has a reflex action exerted pot
only Jocally but also at a distance 1s proved by the variation 1 the amount
of TSH 1 the pitustary  This 15 demonstrated by the following experiment
tn which we njected 0 [ ml of Novocane in 0 4% solution mnto the thyrords
of 46 adult rats weighing between 170 g and 200 g We mmyected the same
amount of physiological saline mnto a control group. One batch of antmals

pecific action
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those into whose thyroids a needle was inserted but no injection made
the level was 19.4% fess.

These findings prove not only that Novocaine has an effect as a chemical
substance but also that there is a reflex mechanism originating within the
thyroid stself.

Additional evidence for the role of neural function within the thyroid is
furmshed by changes 1n the basal metabolism of gumea-pigs and rats after
sntrathyroid imjection of Novocaine.® We infiltrated either one or both of
the lobes with 0.1 m} of Novocaine in 0.2%:0.4%, solution. Some animals
received one 1njection, others two or three. Control animals were given an

j of N and ap trathyrowd injection of
phystologieal saline The basal bolic rate was d at the beginning
of the expertment, then 2, 24 and 72 hours afierwards, then every 3 or 4 days
for 27 to 74 days

We found that after a latent period of at least 2-3 days the drop in the
basal metabofic rate was between 9.3%, and 30.3% mn the guines-pig and
between 144% and 287 in the rat. The lowest figures were teached in
9 10 2\ days in the gmnta-pig and in 6 1o 14 days 1n the rat; in the majonty
of cases the basal metabolic rate the returned to its initial value. The fall
occurred even when the Novocaine was injected into only one lobe, and was
the more marked 10 proportion as the amount of oxygen consumed at the
beginming of the experiment was raised. Intramuscular smyection of Novo-
cane and mtrathyroid imjection of physiological saline did wot alter the
oxygen cohsumption

Dunng the expenment we also observed a slowing down, or even
complete arrest, in the growth of the animals receiving Novocaine For z
period of 7-14 days after the ion the ammals displayed 1
and bradykinesia. We noted, too, that infiltration of the thyrord with 1 %,
2% or 4% Novocaine was 1n most cases followed by the death of the arimals
from cardiac and respiratory arrest, whereas intracardiac injection of the
same doses was well tolerated.

The effects observed after injection of Novocaine into the thyrowd
reveal the smportance of the perifollicular and vascular nerve endings tn
thyroid physiclogy and the part they play in pathological processes w the
gland. Recent research into the density of this network of nerve fibres and
their possible functions lends weight to this view. s %

Chimeal observations at thyrowdectomies on human beings in whom the
thyrowd and the surrounding tissues were infiltrated with Novocaine show
that the changes n carduc function and blood pressure usually found i
aperations on the thyroid are sight or even absent.? Tt would therefore be

pting to tude that N ine 1mected into the gland acts only by
setting off a reflex in the gland, since the effects of the mjection are dela):ed
and persist for a long tme after the anaesthetic effect of the Novocaine

fias ended.
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endings 1n the thyroid modify the secretion of TSH, the amount of the
cholinergic agents, and sensitwity to TSH. It is, of course, possible that
Novocaine acts as a stress agent

Action of inert substances on nerve endings in the thyroid

1t is possible that nerve endings tn the thyroid play a part in the appear-
ance and development of goitres in which the thyroid lesions are very
localized, as m lobar goitre, the solitary nodule, and nodular goitre We
therefore tried to produce alesion that would cause constant ocal irnitation
of the nerve endings  After many trials, we hit upon the injection of a
rubber solution (0 1 mi)into one of the lobes of the thyrotd. Then we checked
oxygen consumption, the 1odide level in the blood, the 1odine uptake, and
structural changes in the thyroid tissue. The basal metabolic rate was
measured at the end of 1, 3, and 6 days, then every 10 days for a peniod of
3 months.2

For the first 20 days the basal metabolic rate rose on the average by
14 5% then fell rapidly and rematned ata Jow level The lowest it reached
was —248% (Fig 8)

FIG 8 CHANGES IN BASAL METABOLIC RATE AFTER INJECTION OF
RUBBER INTO LEFT THYROID LOBE OF RAT

%M

L 0 10 20 30 40 50 60 70 80 90 100 110120

Days

Basal metabolic rate

WHO 6161

The todide level, which was on the average 4.7 g per 100 ml of plasma
in the controls, was only 3 8 pg 6 days after the rubber was mjected, 3 3 pg
18 days after, and 2 2 ug 44 days after (Fig 9)
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were killed twenty-four hours after the injection of Novocaine and another
7 days later Using the techmque of Voitkevici & Kabak, M. 45 whereby

h ic sub are d according to the reduction in
length of tadpoles’ mtestines, we implanted 1 mg of pituntary taken from
the experimental animals into tadpoles The reduction in length of the
wntestine was 229 for pituttary from the controls, and 8 9%, after 24 hours
(7.39 after 8 days) for pituitary from the animals injected with Novo-
caine (Fig 7) This shows that there 1s a drop in the concentration of TSH
1n the prturtary of rats given intrathyroid Novocaine. Tmpfantation of [ mg
of thyroid under the same conditions showed that the metamorphogenic
power of the thyroid was slightly less in the treated animals than in the
controls This fall in the functional capacity of the thyroid secondary to
the fall in the amount of TSH in the pitvitary was also manifested by the
drop 1n oxygen consumption, m 1edine uptake, and in 1odide Jevel,

But not all of the various controling hormones of the pituitary are
reduced 1n amount Our experiments on pituitary uptake of P showed
that 1t mereases by 29% 1n antmals given ntrathyroid injections of 0.1 ml
of Novocatne m 049 solution 8 days before, whereas 1t is unchanged in

ammals tnjected with a similar
FIG 7 DECREASFD METAMORPHOGENIC volume of physiological saline.
POWER OF PITUITARY UNDER INFLUENCE  This indicates that Novocaine
OF NOVOCAINF INJECTED INTO THYROID  acts differently on the varous
piturtary hormones.®

There seems to be reason to
assume that the nitral action of
Novocarne s on corticotrophin
Study of phosphorus uptake by
the adrenals under the same
experimental conditions showed
that after injection of Novocaine
nto the thyroid the vptake of
3P may increase by 1009 over
that in control animals Injection
of physiologtcal saline causes an
increase of only 23% %

All this research mto the
role of the nerve endings In
thyroid function gives rise to
the supp that any factor

L
Control modifying their morphological
e}
[
A
B

25

20

Decrease in length of tadpole’s intestine (%)

Physiological saline and functional integrity may also
Novocaine affect thyroid response to exo-
genous and endogenous factors.

After 24 hours
ol It also shows that the nerve

After 7 days
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FIG. 10 CHANGES IN IODINE UPTAKE BY THE THYROID AFTER INJECTION OF
RUBBER INTO THE LEFT THYROID LOBE OF THE RAT

0.2
2
2
0.1 TN SR ST SR TP WU SR SV H S °
0 2 4 6 8 1012 14 16 18 20 22 24 %

Days
o—— Control

ww  After 7 days
Aftes 18 days
After 45 days
After 70 days
After 16 months

rubber was injected 1nto the intact lobe. In rats, after subtotal extirpation
of the left lobe, followed by igection of 0.1 ml of rubber solution mto the
nght lobe, compensatory hypertrophy of the right lobe was very shght:
57% as compared with 53 1% 1n ammals which did not receive injections’
of rubber This phenomenon resembles that which we observed mn goitre
induced by methylthuouracil Here the hypertrophy of the remaining lobe
may reach 219 39, but if rubber has been injected the hypertrophy 15 only
788% (Table VII)

Role of the Epdocrine System in Experimental Goitre

In our studies of the production of expenimental goitre we constdered
whether hypertrophy and hyperplasia were confined to the thyroid alone
Given the glandular 1nter: h that ck 1ze the endocrine
system, 1t seemed reasonable to assume that other glands were also 1tmpli-
cated We therefore studied weight changes 1n the pituitary and thyroid and
the action of certan hormones in experimental goitre induced by an
todine-poor diet and by methylthiouracil
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FIG 9 CHANGES IN BLOOD-IODIDE LEVEL AFTER INJECTION OF
RUBSER INTO THE LEFT THYROID LOBE OF THE RAT *

Bloagd-fodide tevel

wHO 6162

Days
* The arfows show twice the statstical error

A Control

B After 7 davs

C Afrer 20 days
D After 45 days
€ After 70 days

The uptake of **!I by the thyroid and its level in the blood wese measured
after intraperitoneal injection of 2 uc of rad 10dine. The
were carried out both m vivo and on animals killed at varying intervals
Todine vptake fell significantly between the 14th and 70th days after the
1njection of rubber (Fig. 10)

~F +haloft [obe (into which the rubber

njection revealed a decrease

[ o ease in colloid. It may be

assumed that the injected rubber leads to reflex mhibition of the secretion
of TSH or reduced sensitivity of the thyroid to this hormone (Fig 11}

This assumption was confirmed, for the compensatory hypertrophy of

one lobe that usually follows extirpation of the other did not occur when
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TABLE VI! COMPENSATORY HYPERTROPHY OF THE CONTRALATERAL

LOBE AFTER SUBTOTAL THYROID LOBECTOMY IN NORMAL RATS

AND IN RATS GIVEN METHYLTHIOURACIL OR INTRATHYROID
RUBBER INJECTIONS

Weight increase |
Bateh Number | Average weight | by comparison |
ot rats lof nght'lobe (mg)  with c;;mnls
' %]

Controls 12 B37-027

Subtotal thyrold
lobectomy (teft lobe)
only

10 12822051 | 531 '
Lobectomy pius rubber; '
Injections. {1 885:025 57
Lobectomy after | '
methylthiouracit " 27535106 | 2313
" i
Lobectomy and { . |
rubber injections after| |
methytthiouracit 1 U9rr092 ! 88 |

A prehminary series of experiments were performed on batches of 4.5
month old ducks One of these batches was given water from an endemic
area but lived 1n a non-endemic area, another received water from a non-
endemic area but lived m an endemic area A diffuse parenchymatous
goitre appeared 1n the ducks lving in the endemic area atthe end of 3 months,
whether they recenved local water or water from a non-endemic area
Towards the end of the expeniment (after 7 months). this parenchymatous
goutre developed 1nto a colloid goitre

The wetght of the thyroid in ducks that had recerved water from a non-
endemc area but lived m an endemtc area increased by 54 1%, whereas in
ducks receving local water it increased by 84 5% Tius shows the import-
ance of water tn the production of goitre, but also the role of other active
gortrogemic factors in endemic areas  As well as thyroid hypertrophy, we
observed pituitary and adrenal hypertrophy tn these ducks, but found no
parallelism between the three glands in the intensity of the hyperplastic
process (Table VIII)

As can be seen, there 1s a correlation between the hypertrophy of the
pitutary and that of the adrenals, but neither seems to be related to that
of the thyroid It may be assumed that pituitary and adrenal hypertrophy
1s the manifestation of the adaptation of these glands to the gotrogenic
conditions of the environment, and that these glands influence the gostro-
genic process in 2 more complex way
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FIG 11 CIIANGES IN THYROID OF RAT AFTER INJECTION OF RUBBER INTO THE LEFT LOBE

A Thyroid of control rat (x150)
B 7 davs after iyection of rubber (x150)

s rem

% 150)
‘x150)

nmoo



EXPERIMENTAL GOITRE 29

FIG 12, THE STRUCTURE OF IODINE-DEFICIENCY GOITRE

A Thyroid of control rat ( x 150)

B Rat thyroid, goitre from wodine-deficient diet (3 months}, hypertrophic hyperplastic stage  x 300/
C Rat thyroud , gortre from todine~deficient diet {7-9 months), exhaustion atrophv ( x 150)

D Rat thyroid, goure from wdine-defictent diet (12-13 months ) { X 300)

on thyroid hypertrophy and hyperplasia was different from that on basal
metabolism—and sometimes the effect was in the opposite direction

The appearance of coflord 1n the follicles under the influence of the
sterond hormones or extracts of the lhymus or pme:xl glands proves that
these sub hasten the devel goitre 1nto
collmd goitre or alternatively reducc the dcgrce of epithelial hyperplasia.
‘We used only a small dose of harmone 1n our studies, and 1t may be assumed
that the eflect of hormones on 10dine-defictency goitre varies with the
dose given  The greater frequency of gortre 1n women and, 1n both sexes,
at puberty, and its uneven distribution 1n a commumity may be due to
v m the of these h

Study of the uptake of ™1 1n rats after administration of oestradiol
shows that smali doses of this hormone~—0.1 mg—stimulate the uptake and
large doses—10 mg—inhibit it (Fig 14)® It may therefore be assumed
that 1n women suffering from iodine deficiency these same effects may result
from hyper- or hypofolliculinaemia. Mention may bs made of the most
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TABLE VI CORRELATION COEFFICIENTS BETWEEN THE WEIGHT OF
THE PITUITARY, THE THYROID, AND THE ADRENAL GLANDS OF BUCKS
ON A GOITROGENIC DIET

. T Cotietetion |
Glands compared coefficient 7« Stalistical mpnificance
1 (Bravais-Pesrson) |
Piturtaryjasrenats [ 010 Significant

Pituitary/thyrotd \

T
]
T

+028.01 ‘ Not significant

I Thyroidjadrenaty \ +024 .01

Not sipmficant
Thicknasy of thyroid
epitnelymithyroid

{ hypertrophy r ~D3.0n | Not significant

it may afso be assumed that hormones other than TSH play a part in
goitre formation  We adminsstered sterosd and protein hormones® to rats
on an iodine-poor diet of starch, bean flour, ceftulose wool, dry yeast,
powdered bone, pure casern, ammal fat, and sodwm chlonde. To ihis dset
we added 10 drops of vitamins A and D weekly The 10dine content of this
diet 1s 4 pg per 100 g, and the darly consumption of 10dine by each rat was
approximately 0 506 ug At the end of 3 months thus deet brought about
a rise in the weight of the thyrotd from the 15-16 mg of the controls to 48 mg.
1t also caused cell hypertraphy and epithehal hyperplasia, the ¢ell height
bemng 18-20 ¢ as agawnst the 8-10 x of the contro] ammals. The epithelum
presented a pieture of mucrofollicular gottre without cellod (Frg. 12}
Oxygen consumption was down, 1odine uptake up.

In a batch of ammals on a stmular chet, admimstration of | mg of cor-
tisone thrice weekly reduced gortre formation markedly. The average weight
of the thyroid was only 16 mg, and the height of the epithelial cells vaned
between 15 » and 16 4 The follicles contained cotlod.

The development of gottre was markedly dimmished in other animaby
an the same tadine-poor diet by the administration thrice weekly for
4 months of 1 mg of desoxycorticosterone acetate (DOCA), or 0.1 mg of
oestradio] benzoate, or 3 mg of testosterone, or | mg of ACTH, or pineal
or thymus extract ngection of 5. LU. of growth hormone (TSH) did not

* affect the height of the follicular cells, but reduced the hyperplasta (Fable IX,

Fig 13
Except 1 the antmals that recetved oestradiol, pineal extract, of TSH.
axygen was btile changed in comparison with the control

ammals on an todine-poor dret only. Qestradiol and pineal extract l:cduced
the basal metabolic rate, TSH increased 2% It is not without interest
to observe that in iodine-deficiency goitre the nftuence of the hormones

s ACTR, TSH, thymus or pineal exteact
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FIG 12. THE STRUCTURE OF IODINE-DEFICIENCY GOITRE

A Thyrod of control rat ( % 150)

B Rat thyroid, gottre from jodine~deficrent dret {3 months), hypertrophic hyperplastic stage ( X 300)
C Rat thyrard , gottre from todine-deficient diet (7-9 months ), exhaustion atraphy ( x 150)

D Rat thyroud, goitre from 1odine-deficient diet {1213 months ) { x 300)

on thyrord hypertrophy and hyperplasia was different from that on basal
metabolism—and sometimes the effect was 1n the oppostte direction

The appearance of colloid n the follicles under the influence of the
sterord hormones or extracts of the thymus or pineal glands proves that
these sub: hasten the devel of parench goitre 1mnto
colloid goitre or alternatively reduce the degree of epithehal hyperplasia
We used only a smalt dose of hormone 1n our studies, and 1t may be assumed
that the effect of hormones on 1odine-defictency goitre varies with the
dose given The greater frequency of goitre in women and, in both sexes,
at puberty, and its uneven distribution 10 a commumty may be due o
variatons yn the amounts of these hormones

Study of the uptake of 1] in rats after admunistratton of oestradiol
shows that small doses of this hormone-—0.1 mg—stimulate the uptake and
large doses—10 mg—inhibit it (Fig 14)3 It may therefore be assumed
that m women suffering from 1odine deficiency these same effects may result
from hyper- or hypofolliculmaemia, Mention may bz made of the most
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TABLE IX. CHANGES IN IODINE-DEFICIENCY GOITRE UNDER THE INFLUENCE
OF DIFFERENT HORMONES

’ T
Hyper-
welght | Average i Basal
, Bateh Hambet \of thyroldiheight of| Collold | ‘ana | mei2bohc
steats (T imgr leelts t) hyper- e
trophy | (CaUmfhe)
' - T
Controls | 10 " ! 9 | noemal | —— | 4501075
todine-deficient diet J 10 { 43 20 - +++ lly'?ﬂk]ﬂ?ﬂ
fadine-deficient diet plus |
cortisone i 10 16 " + n 4250+040
432%)
lodine-deficient diet plus i \l
desoxycorticosterone 10 15 ‘ 12 4 2 | swion
. +45%)
lodine-deficient diet plus
oestradiol 10 16 ] +++ - 39001045
| \ e
i i a1
' Todine-deficient diet plys
testosterone 10 12 2 + +
[E— _
i fodme:deficient diet plus . s R 2845038
L) £ +
( G340
I S
I todine-deficient diet plus
' pineal extract 10 24 9 ++ = 5380;,0,)52
[ lodine-deficlent diet plus
tgrowth hormane. 8 2 19 N + 35106
| 1%
|
ladine-deficient diet plus
f thymys extract # 10 18 13 + + l%!D(ﬁ;:S

Iodine-deficient diet plus
castration 10

recent expeniments along the same lines, on jodine uptake in the normal
rat after admimistration of extract of the pineal gland. We mjected 2 m!
of this extract every 4 hours for 24-48 hours 1nto albino rats weighing 100 g
Four hours after the beginning of the expertment 40ue of 91 were
injected mirapertoneally. The anmals were then killed i successive
batches, to begin with every 3 munutes after the injection, then every 2 hours
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FIG 14 THYROID UPTAKE OF RADIOACTIVE JODINE
AFTER TREATMENT WITH OESTRADIOL

100
ol
g0t
7
60
50
40
30t
20}
10 ,,._——--——-"~~~\4

0
25 51 98

Hours

L uptahe (%)

WHO 6165

e 0.1 mig oestradiol
e Controls
o~ 10 mg ocstradiol

for 24 hours, then every 4 hours for the next 24, We were able to establish
that pineal extract reduces jodine uptake (Fig. 15)2*

In the relationships that exist between the process of goitre formation
and the functional balance of the various endocrine glands, TSH has a
special place. It 1s generally admitted that in jodine deficiency thyroid
hypertrophy and hyperplasia occur under the influence of hypersecretion
of TSH. Given the development of the goitrogemc process and of the
degenerative changes that appear mn the thyroid cells under the influence
of todine deficiency, the question may bs asked what the response to TSH1s
during the development of a goitre in a thyroid deprived of 1odine It must
be assumed that, to begin with, microfolircular parenchymatous gostre 18 2
manifestation of a still normal thyroid response to endogenous TSH,
whereas the various forms of colloed goitre and the exhaustion states
characteristic of the subscquent stages are mdrcative of lowered or even
totally Jacking thyroid response to TSH,

To elucidate this question we carrted out certain experiments. We first
measured the jodine uptake of rats on a2 normal diet. this we did by ntra-
njection of 18 w2 of ™I and found the uptake to be 38.5%

peritoneal ¥ t
od for 3 months on a diet deficient in jodine the uptake was

In rats plac
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$1G 15, ACTION OF PINEAL EXTRACT ON IODINE
UPTAKE BY THE THYROID

Todids uptake (%)

A
2
e
H
H

10 4 8 1216 2024 28 32 36 40 44 48

Hours

o———o Conirols

4———e Pincal extract

only 122; For comparison we injected TSH into rats on a normal det
and found the 10dine uptake to be 52%, while m rats kept for 3 months on
an 1odine-deficient diet a sumilar injection increased the uptake to 23%.
(Fig 16).%

Under simlar experimental condifions the basal metabolic rate of rats
on a normal diet rose after myection of TSH by 259, but in rats on the
1odine-deficient diet 1t rose by 7% only In anmmals on an 1odme-deficient
det but not given TSH 1t fell by 5% (Fig 17)

These results show that 10dmne uptake is reduced by an rodme-deficient
dtet, even when the thyroid 1s stimulated by TSH Monney, Rall & Raw-
son % found an increase 1n 10dme uptake i rats kept on a diet deficient
1n jodine, from 28 99 on the 10th to 42 3% on the 20th day In our expen-
ments, however, we found a decrease n 10dine uptake at the end of 3 months
This difference 15 probably due te the fact that there 15 non-iodinated
collowd that can take up the 1odine for the first 20 days, but by the end of
3 months microfollicular hyperplasta has set in with a reduced amount of
collotd and degenerative cell lesions
The change from parenchymatous goitre to a colloid gortre and then

to a deg goure may undoubtedly be explained by the unequal
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FIG. 16 IODINE UPTAKE BY TUYROID OF IODINE-DFFICIENT RAT AFTER
ADMINISTRATION OF TSH

{odine uptake t3)

WHO 6167

Days
s Normal tcdine contalmng diet with TSH
— e Normal diet only
®essess  Jodine-deficient diet plus TSH
m—w=— [odinte-deficient diet only

response of the thyroid to TSH as the process goes on. Taken in conjunction
with the considerable variations 1n the secretion of TSH, it could provide
a partial explanation for progressive changes that take place in the goitre.
To these factors must be added auto-tmmumzation, which may account
for the occurrence of wterstitral lesions tn the form of infiltrations and for
the trend towards sclerosts 1n old goitres

Role of Immunopathology of the Thyroid in Experimental Goitre

The recent research of Rose and Wlt:bsky 42, 44,49 Domiach & Roitt,"®
and Gear !2 on the role of to-aggresston 1n the pathol
of the thyroid compels us to consider such a process as possxble, at least
duning the later changes mn the structure of a goitre

The thyrod contamns thyroglobulin, which js known to have great
anugenic powers, and a cell nucleoprotemn complex that can display antigenic
acuvity i some pathological states, erther by the liberation ofthyrcglobulm
into the circulation or by the release of from necrotic folf
or terfollicular cells. We sct ourselves the task of finding out to what
extent the immunopathology of the thyroid plays a part in the appearance
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FIG. 17. BASAL METABOLIC RATE IN IODINE-DEFICIENT
RATS BEFORE AND AFTER ADMINISTRATION OF TSH

Basey metabolic rate

Todime-deficient dret
] rsHony
Todine-deficient diet plus TSH

of goitre in animals brought up tn normal hving conditions, and m what
way the anhigen-antibody reaction may arise (n the development of goifre—
whether the goitre 15 produced by an 10dine-deficient diet or by methyl-
thiouracil

We were able to prove that immunopathology plays a part by inducing
a hypoplastic microfollicular goitre 1 rabbits subjected to repeated 1so-
immunization A batch of male rabbits weighing about 2700 g were 1so-
wmmumzed by a suspension of 100 mg of normal thyroid gland 1n Freund’s
adjuvant ® The inoculation was repeated 4 ttmes at mtervals of 15 to 20 days
One batch was killed 12 days after the last inoculation, another 90 days
after In the blood of the first batch we found complement-fixing antibodies
at a titre of 1/128-1/156, as well as precipitatmg antibodies The tissue
changes were characteristic of immumity thyroiditis

The animals of the batch killed 90 days after the Iast moculatron had a
hypertrophic, hyperplastic thyroid weighing nearly 4 times as much as
normal (120 g)

@ Fot the camposiion of Freund's adjuvamt see Freund, 3 (1951) Amer I chin Path, 21, 645
20
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FIG. 18 PARENCHYMATOUS GOITRE INDUCED The structural charac-
IN RABBIT BY ISO-IMMUNIZATION teristics of thyroid tissue
under these experimental
conditions were those of a
microfollicular parenchym-
atous gojtre (Fig 18)

We did not go any fur-
ther into the study of the
hormonal characterstics of
this immumty gottre. Its
occurrence is probably due,
howeser, to blocking of the
process of thyroxine form-
ation—a blocking whose
mechanism we do not know
~——or to tissue uptake of the thyroid hormones, which would then stimu-
late an excessive secondary secretion of TSH and lead to the structural
changes 1n the thyroid that are charactenstic of the first stage of paren-
chymatous goitre. The blocking of the binding of iodine to protein by thyrotd
antigens could be accepted as the reason for this goitre.3®

In another series of experiments we set out to study the antigenicity of
goitre produced 1n amimals by an rodine-deficient dtet or by metiylthio-
uracil ¥ For this purpose we used a batch of 40 male rats weighing about
120 g, and immunized them either with their own thyroids or with those
of rats of a homologous group. The thyroid tissue was emulsified m 2077
physiological saline and incorporated mto Freunds® adjuvant * in the pro-
portion 1 part of tissue suspension to 3 parts of adjuvant. This suspension
was 1njected intradermally 1n rats, either into the footpads ot wnto the nape
of the neck. The animals had previously received 25 mg of methylthiouraci!
for 20 days or been placed on an iodine-deficient dret (4 6 ug per 100 g of
food) for 110 to 180 days. The methylthiouracil and the 1odme-deficrent
diet were continued for the length of the )mmunization period (40 days).

Proof of the appearance of an experimental goitre under these conditions
was afforded by the increase 1n the weight of the thyroid This mncrease,
12 mg only 1n the control animals, was as much as 40 mg in the antmals oo
an 10dine-deficrent dret, and 60 mg in the ammals on methylthrouracil.
Histological examuation also revealed the usual changes in the tissues of
the thyroid.

In all the immunized animals the thyrotd showed changes charactertstic
of immumnity thyroiditis: scattered cytolysis of unequal intensity: fragmfnta-
tion and disappearance of the nuclet of the follicular cells; interstitial ll'{ﬁl'
tration with lymphocytes; rare plasma cells and eosinophls; and reduction
of the amount of collord, in some cases to the point of total disappearance

(Fig 19).
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FIG 19 CHANGES IN METHYLTHIOURACIL-INDUCED GOITRE IN THE RAT EFFECTED
BY AUTO- AND ISO-IMMUNIZATION

A Control (x150}

B Auwto-immunization i the normal thyvroid { » 150)
C Methylthiouractl-induced goitre ( x 150)

D A de

d gostre after i with normal thyroid (% 150)

In ammals rmmunized with thyroid from rats on an 10dine-deficient
diet or methyltt 1, lestons app: d similar to, but less marked than
those obtained 1n the aforementioned experiments Compared with the
gotrogenic reaction obtained in non-fmmumzed anmmals on an iodine-
deficient diet or on methylthiouracil, the reaction 1 these ammals was
weaker, as shown by the k of the folhcul. b Iy 12 s as
agamst 18 p 11 non-immunized rats The reduced response to thyroid
antigen 1 animals on an 1odwne-deficient diet was thus proved

We found antibodies only in the blood of those ammals that had re-
cerved antigen in the form of thyroid tissue from 10dine-deficiency gotre
Therr appearance was not constant, however, as was shown by the fact that
complement was fixed m only 10 out of the 30 expenimental animals and
precipitating antibodies were present 1n ouly 14 (Table X). But the role of

t m the ds of goitre cannot be disregarded
merely because no circulating antibodies can be found. From the work of
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Witebsky et al 1t 1s known that the thyroid in dogs and guinea-pigs may
present lestons due to the admimistration of homologous antigen without
any antibodies appearing n the blood.#* The reduced amount of thyro-
globulia 1n the follicles, due to the initial hyperplastic process 1n the paren-
chyma, may explan the absence of serum antibodies as well as the
finding of mfiltration lesions 1n all these cases, pointing to the presence within
the cells of an antibody undergong rapid fixatton

As in the other types of expenimental goitre, 1t 15 posslb]e that elthcr
hormones participating n the thyroid D or
tissues play a part in the development of immunity condmons From tlus
standpotnt our research 1s only just beginning Nevertheless, we have
established that TSH and cortisone imfluence the immunity reaction of the
thyroid Thus the immumty conditton of the rat’s thyroid 1s aggravated
by the admimstration of 100 LU, of TSH, as shown by the heavy intra-
follicular infiltratton It seems also that this hormone lessens the degree
of structural change 1n the follicular cells Cortisone, admimstered 1 doses
of 5 mg every 2 days 10 rats sut to thyroid reduced
fibroblast and lymph-cell reactions These studies show that hypertrophic
and hyperplastic thyroid tissue obtamned by an todne-deficrent diet or
methylth 115 also and that the immunity response of the
thyroid 1s medified by TSH and cortisone ¢

Thus research as a whole does not allow any defimtive conclusions to be
drawn about the role of pathological condinons due to immunity reactions,
ether in the imtial development of goitre or, more especially, 1n the sub-
sequent changes m the structure of the goitre. However, 1t furnishes argu-
ments 1n support of the possible role of this process in the gradual change
from the lesions of hyperplastic parenchymatous goitre to those of collod
goitre and the late sclerotic and nodular form

The mtervention of immunopathological factors mught explamn the
transition from the deficiency type of leston to the atrophic degenerative
type.

Studies of the follicular cell with the electron mucroscope, though still
at a very early stage, reveal structural changes 1n the mitochondria, the
Golgl apparatus, and the cytoplasm network. The thyroud cell, lacking
1odinated hormones, suffers 12 1ts metabolism, and this situation 1s aggra-
vated by continual sttmulation by TSH, which tries to act upon a cell unable
to provide a secretory response

Death of the cell, accompanied by permeability of the follicular mem-
brane, allows immumnity reactions to occur and leads to a stage of irreversible
degenerative lesions At thus stage, the thyroud cell no longer takes up 10dine
and correction of the 1odine deficiency no longer cures the condition, as 1s
well known from attempts 1o treat old goitres. In the development of
experimental goitre, the older the goitrogenic process the more frequently
this occurs and the more pronounced are the degenerative changes
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We are inchined 1o the view that the change from the fesians of iodine-
deficiency goitre to those of degeneration, with atrophy and cytolysis, is
accompanied by the formation of antigens that subsequently cause the
snterstitial lesions of old, scleronodular gottres. It follows from this that,
from the moment thyroid antibodes appear 1n the blood or tissues of an
individual with goitre, the process of goitre formation is self-maintained by
immunity reactions and 15 irreversible to an extent that depends on the
character and date of appearance of the lesions,

Discussion

Taken as a whole, this research work confirms that iodine defictency
is the sme qua non of expersmental gostre, and sts sigmficance must not be
overlooked in any attempt to discover the other factors mvolved in the
production of gortre 1 endemic zones.® 5. 39, 4, &8

There 15 also the concept of endogenous defect of the thyroid, character-
1zed by the fact that 10dine ingested 1n adequate amounts does not reach
the thyroid or 1s not made use of 1n hormone synthesis The endogenons
causes of this phenomenon are manifold Among them our studies have
shown the role of the nervous system, of certain hormones, and of thyroid
immunopathology 'We have tried to elucrdate the mechamsm whereby
these factors slow down, speed up, or otherwise help in the development of
the hypertrophie, hyperplastic process of gortre formation set off by 1odine
deficiency.

Starting from the principle that any factor hindering rodine metabolism,
and in particular its utilization by the thyroid, 1s potenhaily goitrogemc,
we have shown that excitatton of the CNS etther directly or through drugs
accelerates the process of formation of a gottre induced by methylthiouractl
or a dset rich in cabbage. Inhibition of the CNS slows the process, as was
confirmed by a reduced uptake of U, a fall in the amount of TSH and
jodinated hormones, and weight and structural changes in the thyroid. We
have also found that resectton of the sympathetic and parasympathetic
perves of the thyrord in rabbits decreases hyperplasiz and hypertrophy due
to methylthiouracil, reduces jodine uptake, increases the amount of colimd,
and prodi 2 licul lordo-p. hy gontre These
changes appear not only in the denervated lobe but also in the intact lobe,
which di their reflex "\ .

Chromaphilic changes in the pitutary associated with goitre induced
by methylthiouracl also argue in favour of the hypothesis that sympa-
thectomy acts at a distance as well as locally.

Studies on the role of the network of nerves within the gland de-
monstrated that Novocame or rubber injected mto the thyroid can prevent
from being taken up, and lower the level of PBI and the amount of

jodine
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TSH and thyroid hormone. In these experiments we observed inhibition
of TSH secretion and a secondary fall in thyrord response. We also noted
the fall 1 acetylcholine in the thyroid after injection of Novocaine. Intubi-
tion of TSH after injection of rubber into the thyroid was shown by the
small amount of compensatory hypertrophy after unilateral lobectomy.
That the pitustary and the adrenals play a part in the hormone imbalance
produced by 10dine deficiency of exogenous origin was shown by the hyper-
trophy of these glands that accompanied the appearance of goitre in ducks
reared in an endemic area  Certain hormones were able to modify the inten-
sity and quality of the process of goitre formation due to 10dine deficiency
n the diet. Cortisone, d diol, testosterone and
corticosterone speeded up the transformation of 1odine-deficient parenchy-
matous goitre mto mucrofollicular colloid goitre. The sterowd hormones
and the protem hormones—the growth hormone and pineal and thymus
extracts—reduced the weight of 1odine-deficiency goitre by 50%-65% The
action of these hormones probably varies with the dose injected, small doses
stimulating and large doses inhibiting, as was shown by changes n the
uptake of I and 1n thyroid structure under the influence of oestradiol.
In ammals kept for 3 months on an 10dine-deficient diet that had led to
the appearance of a goitre, we observed that thyroid response to an external
stimulus—an injection of TSH—was reduced or weakened, showing the
decrease 1n thyrord uptake of M  Since structural changes appear

during the various stages in the devel of 10d d goitre
—parenchymatous hyperplasia, colloid goitre and degenerated goitre—
and since 1n these there 1s hyper ion of TSH, we hold

the view that vanations must exist in the response of goitrogenous tissue
to TSH dunng this process

Accepting the hypothesss that thyroid tissue damaged by the goitro-
genic process 1s antigenic, and that the antibodies formed as a result can
play a part 1n the continuation of the process, we studied auto- and 1so-
1mmum7zmon n the normal lhyrmd and 1n goitre. Three months after

ing a to rabbits, we succeeded

inducing a mucrofollicular parenchym:\!ous goitre Our expeniments
also showed that iodine-deficiency goitres have very little armgemcny
and that icy can be d i met
goitres, circulating antibodies then appeaning that are not found 1n 1odine-
deficient goitres. We also demonstrated that cortisone and TSH can reduce
the cellular and fibroblastic reaction of the thyroud to auto- and 1so-
immunization

These studies prove that TSH may have an unfavourable effect on the
development of immunity goitres, and prowvide justification for the thera-
peutic use of cortisone  The histological picture revealed in the course of
the expeniments leads us to believe that the appearance of circulating anti-
bodes 1n a person suffering from a gostre indicates that the process of goitre




32 § MILCU

formation (deficiency, then degencrauon and cytolysis} has been left behind,
and that a process of auto-aggression withn the thyroid tissue has begun,
with all its consequences,

Taken as a whole, the findings 1n these expeniments on gotre show the
complexity of the mechanism whereby the goitrogenic process is initiated
and develops. In this process rodmne deficiency and pituitary and thyrotd
reactions thereto are the fundamental, but aot the only elements.
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PATHOLOGICAL ANATOMY
OF ENDEMIC GOITRE

De M.P DE SMET *

The Normal Thyroid Gland

Anatomy, histology and cytology of the normal thyreid gland

The thyroid 1s the largest endocnine gland in the adult, 1n children, only
the thymus 1s larger Tn adults, the normal thyroid gland in areas free from
goitre weighs about 20 g The dimensions of each lobe vary around
4.7 cm 1n length, 2 5 cm in width, and 1 75 ¢cm 1in depth  The 1sthmus which
connects the two lobes 1s square 1n shape, 2 cm? 1y area, and from 02 to
06 cm tn depth  Cases of hemi-aplasia of the gland have been described *®
According to Hull,*? the 1sthmus may be absent 1n 3 6% of thyroid glands,
but other authors, such as Anderson,! consider this anomaly to be less
common

The gland 1s mvested by a fibrous capsule from which septa proceed
nto the parenchyma, dividing 1t into fairly regular lobules In reactional
hypertrophy these lobules acquire some degree of autonomy, and may
develop 1ndependently of one another *'®  According to Johnson3? the
lobules consist of about 20-40 secretory umts, termed follicles (vesicles,

acin, or alveol). Each lobule has its own artenole
Kine o= 1976 bod danl ot b 2wt oy -

a sticky

the cot

03 mm,% 13¢ or of 0163 mm after maceration with hydrochloric acid 4

Jackson observed more oval follicles 1n young subjects than in adults

The autoradisgraphic studies made by Taylor1* perhaps explan this

difference 1n diameter On exammning slightly hypertrophied glands,
btained by subtotal thyr . he found that the diameter of active

follicles was, on the average, only half or one-third of the diameter of non-

* Médeein Durecteur de 1'lnstrut Natonal pour IEtude Agronomique au_Congo belge, Yangamb,
Belgian Congo, and Membesr of the Acadenne royale belge des Serences d-OatreMer = & o7 L TEmB

— 315 —



316 M P DL SMET

active follicles. Wiiliams,'** by means of a techmgue imvolving transifiumi-
natton of thyroid ftissue transplanted into a rabbit’s ear, was also able to
show temporary nactivity 1n several follicles, with increase 1 diameter and
partind follicular collapse after secretory aetivity.

The folficles are surrounded by loose connective tissue containing vessels
and nerves. Each secretory untt 15 provided with an arteriole that ends in
a capillary network surrounding the follicle, Sunder-Plassmann 1% observed
neurchormonal ceils 1n the follicle and considered them to be under vagus
influence, mediated by a termunal nctwork; however, Ludwig # was unable
to eonfirm the existence of these cells 1n experiments on several species of
laboratory amimal Nonidez,® tn his important work on the mnervation of
the thyroid follicle and the follreuiar cel, concluded that neural influence
was mediated through the blood vessels A special study of these vessels
was made by Modell,” who demonstrated the ewstence of arteriovenons |
anastomoses, making posstble capullary cantrol of the uptake of the hormone.

Four arteries carry the adult’s five litres of blood through the thyroid
every hour. After the lungs and the kidaeys, the thyroid is one of the organs
that recetves most blood. 4 ml per miute per gram of tissue. These figures
explain the tendency to haemorrhage in this organ—all the greater, as
Mayor ® has shown, because the artertes do not penetrate info the paren-
chyma but dnvide immediately at the surface of the giand mnto a network of
artertoles

The eptthelitm 1n the normat thyroid fotlicle 15 regular, cubical, and 15
mmcrons thick 1% With increased activity, the cells lengthen; m inactivity,
their length decreases  These cells are ortented 1n the same direction and
secrete a collord substance mto the lumen of the follicle  The colloid is
highly eostnophilic i the adult, but becomes basophiic 1n old people from
an increase 1n nucleoproteins  The collord 15 digested by various enzymes,
mncluding certarn amylases.’®

It has been found that certain intracetiular elements are related to
celluiar activity. When the gland 1s hyperactive, the mitochondria hyper-
trophy !5 3. 108, 10®  Cramer and Ludford ¢ have interpreted this increase
in the size of the muochondna as indicating an merease m the intracellular
surface area, leading to a decrease 1n surface tension and consequently
accumulation of cytoplasm lipids and increase in the permeabihity of the
cell membrane

The Golga apparatus, another cytoplasmc structure, also Qecomes
hypertrophied 1n glandutar hyperactvity, lipoid droplets accumulating and
the network tncreasing m size.® Porter, Claude & Fullam ** were able to
confirm the exwstence of these lipord bodies by electron microseopy.

Using the Casp H Koch 5¢ 1 the volume of the
sucler in the rat; after injection of a thyrotropic hormone he foqnd a rapid
increase in mean volume from 98 to 150 cubic microns This increase th
nuclear volume ts a good test for follicular activity
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Growth of the normal thyroid gland

The follicles appear when the embryo is 24 mm long.® They take the
form of groups of cells arranged concentrically in the plates forming the
germinal bud of the gland.

‘When the embryo is 5 cm long the follicles develop a lumen, and at 6 cm
colloid appears At 16 em the formation of new follicles stops and only
the size of the gland continues to increase  According to Matine,*® produc-
tion of new follicles continues 1n the embryo under pathological conditions

At birth, there are three possible types of structure. the sohd type, the
type with a lumen, either well developed or collapsed, and the mixed type.?

In 1938, Rice pubhished an important study on the morphological
development of the thyroid from birth to the age of 801 At burth, the
follicles have a cubical epithelium, are round, and are smaller than 1n adults.
‘The stroma contains a few epithehal cells between the acini, whereas m the
adult 1t has none Except on the periphery of the lobules, which are demar-
cated by fibrous bands, the stroma 1s loose Rice noted the presence of
parenchymatous nodules, in particular after puberty, and also i clintcally
normal thyroids

With advancing age, the normat histologieal structure undergoes changes
Clerc,? Vogeler,12® Lowe,® Doglotti & Nuzzi-Nutt1,** Garau, Nolan,53
Rice 1 and Andrews 2 studied the changes occurring 1n old age They
found a more fibrous stroma, more basophilic colioid, epithehum desqua-
mating inte the enlarging follicles, and an increased number of interacinar
epithelial cells 3 Dogliotti & Nuzzi-Nutti ® observed an increased number
of granules 1n the acinar cells which they attnbuted to regeneration with
Junctional reactivation 1n old age

Waight and volume of the normal thyroid gland

The average weight of the gland depends on the subject’s weight, sex,
and place of ongin, on varous physiological states (puberty, pregnancy,
), and on ! changes (nodules, mflammatory condi-
tions, tumours), the latter being more often seen 1n regrons of endemic goitre
In 1910, Kloeppel ¥ found the thyroid 1n Central Europe to weigh 5 g
1n the newborn baby, 34-41 g in the adult, and 30-32 g 1n persons of 51 to
65 years At the present day, with the general improvement 1n nutnton,
prophylaus with rodized salt, and the import of food from non-endermc
areas, these figures are dered to indicate a pathol 1 state In 1924
Wegelin ¥ 1n Berne had accepted 3 g as the normal weight at bith  How-
ever, several glands exceeding 3 g1n weight were found to show 2 hyperaemia
which disappeared after 2-3 days, so that the weight again became normal
after this period of ume At present, Thalmann 22 regards as normal
a weght of I-1 25 g per kidogram of body-weight 1n newborn babies 1n
Switzerland
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The change m the weight of the normal gland in a non-goitrous region
was recently studied by the author in 140 autopsies in the Belgian Congo.
The average weight of adults was 55 kg in the area under study: and the
average weight of the thyroid gland was as follows*

Birth 2g
I'year . 28

2 years 3g

5 years dg
Prepubertal years . . log
1520 . 18g
20-50 . 2025 g
50-70 P 15:20¢g

The thyroid 1s probably heavier in temperate countries, where the
average weight of adalts is about 70 kg Manne ® calculated the weight
of the thyrotd gland in relation to body-weight, and found that the ratio
does not exceed 0.35 g of gland per kg of body-weight. On the average,
then, 2 man of 70 kg would have a thyroid weighing 245 ¢ However,
i Iecland Stguryonsson 110 ' found that the average weight of the gland
was 14 g m adult men and 11 6 g in women  But glands there are richer
n jodine, and though small contan as much rodine as the much heavier
glands studied by Marine.

McCarnson * studied the weight of the thyroid in relation to body-
weight 1 ammals He showed that in the non-gottrous antmal there is a
censtant ratio at duflerent ages between the weight of the thyroid and body-
weight  This rato does not apply to the goitrous animal because of the
accumulation of colloid m the gland  There 1s a special ratto between the
weigth of the thyorid gland and body-weight at puberty. This “physto-
logical goitre ", also observed 1 non-endemtc regions, 15 only a temporary
and reversible parenchymatous hypertrophy, and is not 2 mamfestation of
endemic goitre. Moreover, 1n nan-endemic regions, nodules do not usually
occur 1n this varety of goitre

In endemic regons the weight of the gland before and during puberty
1s disproportionately high i relation to body-weight, dusing this pertod
sex has a marked influence Olesen & Taylor %2 % found that the size
of the gland n boys, although smalier than in guls, increases before puberty
and begins to decrease after, whereas 1n girls 1t continues to mcrease after
puberty and only decreases dunng adolescence

In 1924, AschofT ¢ gave the classical description of the stx stages 1 the
devetopment of the thyrord.

(1) increase 1n stze at birth,

(2) decrease in carly childhood;

(3) increase pefore and during puberty;
(4) decrease after puberty (adolescence);
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(5) norma! dunng adult hfe;
(6) atrophy in old age with possible regeneration of thyroid function

The growth curve of the goitrous thyroid gland shows many analogtes
with that of the non-gotrous one (Fig 1) It shows that the weight in goitrous
regions 1s distinctly greater and that vanations with age are much more
pronounced

FIG ] AVERAGE WEIGHT OF THE THYRO/D GLAND
IN GOITROUS AND NON-GOITROUS AREAS

Average weight of thyroidin g

10 20 30 490 50 &0 n

Age in years
o gottrous area

* nomgoirous area

Reproduced, by permission, from Aschoff ¢

The gland 15 normally stable in weight after adolescence  The weight of
normal thyroid glands has been studied by various authors 0. 7, 81, 90, 101
Mottensen’s two graphs compare the average weights of normal thyroid
glands 1n males and females (Fig 2), the differences are insignificant

Hult 7 studied the werght of the thyroid in adults 1n Colorado, USA
He found, 1n a senies of glands obtamned by autopsy from adults 1n thrs
potentially endemic regton, an average weight of 324 g men and 247 g
1 women, the weight of the glands without nodules was, respectively, 19 g
and 177 g In his sertes he found, respectively, 62 2%, and 67 % of glands
with nodules  Takng as his critenion of goitre a thyroid weight of more than
35 g, as suggested by Arndt % Hull found 21 3% of glands to have gottrous
hypertrophy

Senulity leads to a decrease in the weight of the gland It 15 at this age
in particular that nodules are found and, for this reason, the variation in
weight in old age 15 pronounced.
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The change in the weight of the normal gland jn a non-goitrous region
was tecently studied by the author in 140 autopsies in the Belgian Congo,
The average weight of adults was 55 kg in the area under study; and the
average weight of the thyroid gland was as follows:

Burth . . 2g
I year . 2g
2 years 3p
5 years 4g
Prepubertal years 10g
15-20 18g
20-50 . 2025 ¢
50-70 . 1520

The thyroid 1s probably heavier mn temperate countries, where the
average weight of adults is about 70 kg. Marne % calculated the weight
of the thyroid gland in relation to body-weight, and found that the ratio
does not exceed 0.35 g of gland per kg of body-weight. On the average,
then, 2 man of 70 kg would have a thyroid weighing 24.5 g, Howeer,
m Jeeland Sigurgonsson 9. 111 found that the average weight of the gland
was 14 g in adult men and 11 6 g 1n women  But glands there are richer
in 1odine, and though smali contain as much 10dine as the much heavier
glands studied by Marmne.

McCarnson ¥ studied the weight of the thyroid in relation to body-
weight 1n ammals He showed that in the non-gortrous animal there is a
constant ratio at different ages between the weight of the thyroid and body-
wetght This ratio does not apply to the goitrous ammal because of the
accumulation of colloid in the gland There is a special ratio between !'hc
weigth of the thyorid gland and body-weight at puberty. This “physio-
logical gotre ™, also observed in non-endenmuc regions, 1s only a temporary
and reversible parenchymatous hypertrophy, and is not a mamfestation of
endemic goitre  Moreover, 1n non-endenuc regions, nodules do not usually
occur n this variety of gortre

In endemic regions the weight of the gland before and durning puberty
1s disproportionately high in relation to body-weight; during this PC“f’d
sex has a marked mfluence. Olesen & Taylor °2. 9 found that the size
of the gland in boys, aithough smaller than mnt girls, increases before pubesty
and begins to decrease after, whereas m girls 1t continues to increase after
puberty and only decreases during adolescence

In 1924, Aschoff * gave the classical description of the srx stages n the
development of the thyroid.

(1) increase in size at barth,

(2) decrease 1n carly childhood,

(3) increase before and durnng puberty;

(4) decrease after puberty {adolescence);
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(5) normal duning adult Iife;
(6) atrophy in old age with possible regeneration of thyroid funcuon.

‘The growth curve of the goitrous thyroid gland shows many amalogies
with that of the non-goitrous one (Fig. I} It shows that the weight 1n goitrous
regions is distinctly greater and that vanations with age are much more
pronounced

FIG 1. AVERAGE WEIGHT OF THE THYROID GLAND
IN GOITROUS AND NON-GOITRQUS AREAS

Average weight of thyroldin o

s | b 1 I 1 | w0 ecss
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Reproduced by permussion, from Aschoff *

The gland 1s normally stable 1n weight after adolescence The weight of
normal thyroid glands has been studied by various authors. 5 7. 81, 20 10
Mortensen’s two graphs compare the average weights of normal thyroid
glands in males and females (Fig. 2); the differences are wmsigmificant.

Hull ” studied the weight of the thyroid m adults 1n Colorado, USA
He found, 1n a senes of glands obtained by autopsy from adults 1n this
potentially endenuc region, an average weight of 324 g menand 247 g
m women; the weight of the glands without nodules was, respectively, 19 g
and 177 g In hus sentes he found, respectively, 62 2% and 67 % of glands
with nodules  Taking as hus cnterion of gortre a thyroid weight of more than
33 g, as suggested by Arndt 3, Hull found 21 3% of glands to have gottrous
hypertrophy.

Sen}lny Jeads to a decrease in the weight of the gland. It 1s at this age
n particular that nodules are found and, for this reason, the variation in
werght in old age 1s pronounced
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FIG. 2. RELATIONSHIP OF AGE AND SEX TO WEIGHT
OF THE THYROID GLAND
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Reproduced, by permission, from
Mortensen, Wootacr & Bennetc ™

Origin and Definition of Endemic Goitre

This review of the structure and weight of the normal thyroid gland
wiil facilitate understanding of pathological changes and enable goitre to
be defined by a physical examtnation taking imto account the structure
and weight of the gland

A geographical region s said to be endemic 1f more than 10% of the
population show chnical signs of generalized or localized thyroid hyper-
trophy  Areas of endemic goitre are usually characterized by a lack of
1odine 11t the soil, resulting in a drinking-water of very low 10dine concentra-
tion. In such regions goitre may be regarded as the way in which the thyroud
gland adapts 1tself to a deficiency state. This adaptation may also occur
as a result of factors that interfere with the metabolic utilization or the
absorption of iodine from food.?** Gortres caused by excessive loss of todine
1n the urine are rare, and not endemic in nature 8

The origin of endemic goitre thus seems to he outside the thyroid gland
Iodine deficiency leads to anatomical changes in the gland. These changes
take time to become orgamzed, but thereafter may pursue thewr own
ndependent development e

Clinically, endemic goitre appears as a general or l_ocal hype{fr.cphy
of the thyroid parenchyma. Perez, Scrimshaw & Muifioz % do not admit the
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eustence of a goitre unless the thyroid has become 4-5 times its normal
size and is visible; moreover, only glands contaiming palpable but not
necessanly visible nodules are counted as endemic gottres

In Africa, Pales ™ considers all palpable thyroids to be goitres. In the
adult Bantu any palpable thyroid weighs 35 g or more From the viewpoint
of weight, Arndt ? and Hazard & Kaufman 3 regard any thyroid weighing
more than 35 g as goitrous  In Africa, Pales’ criterion 1s thus entirely applic-
able It may be extended to include countrnes with a temperate chmate,
and even those with 2 cold climate (Iceland, or the countries inhabited
by Eskimos)

Thyroid hypertrophy may take the form solely of nodules in a gland of
normal weight or even 1n an atrophied gland  Thes, again, must be regarded
as endemic goitre, especially from the viewpomt of structure. In reality,
as Hull ¥ showed, the majonity of glands containing nodules weigh more
than 35 g and are therefore already goitres i which nodules are only a
secondary mamfestation

To be chnically detectable, nodules must have a diameter of at least
10 mm, since below this they are no longer palpable. Schlesinger, Gargill
& Saxe 17 found that 8 2% of nodules had a diameter of at least 10 mm
i Massachusetts, a non-endemic region of the Umted States On the
other hand, 1n a potentially endemic region Mortensen ™ found 21% of
nodules m the excised gland palpable (about 10 mm 1n diameter) These
two series are of clinically normal thyroids, 1€, non-hypertrophic ones,
examned at autopsy in patients who had shown no thyroid symptoms at
any time durmg their lives

The endemic region 1s thus characterized either by the presence of
glands that are normal 1n weight but contain nodules 1n more than 10% of
cases, or by goitres with or without nodules, or by atrophied glands with
nodules 1 some cases of chronic malnutrition. As regards this last form,
Tejada 12 reported 1n Guatemala fibrous atrophy of the gland, accompanied
by nodules, and m association with malnutettion, 1n these cases, another
cnterion of endemicity, 1n addition to the weight and size of the gland. s
the presence of palpable or visible nodules.

By defimtion, endemic goitre ts thus glandular hypertrophy observed 1n
a region recogmzed as endemic  The thyroid ts palpable (weighing more
than 35 g) and often contains nodules These nodules, particularly when
multiple, are an index of the length of time during which the endemic state
has been 1n existence, and of its serousness

Goitrogenesis

Marme’s classic theory of goitrogenesis ¢ distingwishes an epithelial
hyperplastic phase and one of nvolution  If these processes are repeated,
the size of the gland continues to mcrease until a goitre develops.

1
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The hyperplastic (parenchymatous) phase of cndemic goitre

This phase 1s temporary, but nevertheless has a pathological reality.
Hyperplasia may be erther localized or generalized. In contrast to exo-
phthalmic goitre, in which the histological picture is similar, the epithelium
docs not show eosinophilic degeneration, the stroma shows no lymphoid
reactton, and fobulation 1s well preserved Two kinds of follicles can be
seen. micr (Fig. 3) and macrofoll with a folded wall show-
ing evagmnations (papillac or buds termed “ Sanderson polsters ™) giving
this form the appearance of vegetation (Fig 4). The epithelium is cubical

riG. 3. GOITROUS THYROID SHOWING ADJACENT AREAS OF
MICROFOLLICULAR AND MACROFOLLICULAR HYPERPLASIA
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FIG. 4. THYROID HYPERPLASIA SHOWING EVAGINATIONS OF THE
FOLLICULAR WALLS

- . PO
X 6400 Reproduced by courtesy of Dr € Tejadz, Guatemala

or columnar and the nuclet are regular and stmlar to each other, but
there 15 no mutosis ©? (Fig 5) The collord is gradually reabsorbed- first
vacuoles appear, then the collowd vamshes, here and there an occasional
follicle ¢an still be scen full of eosinophihe collod

Glandular hypertrophy 1s diffuse, of recent date, and vascular, and on
section has the appearance of parenchymatous gotre Thts picture, also
found 1n nodules, 1s termed microfollicular adenoma, but there the regular
Iobulation charactenstic of the normal thyroid is no longer seen (cf Fig 11,
page 334) The pseud llary macrofoll form ind. a reactional
phase that begms when the tendeacy to follicular drlatation appears as a
result of thyrord decompensation

According to Marnine,” these hyperplastic changes occur only if the
1cdine content of the gland 1s below 19 of its dry werght  In these circum-
stances, the production of thyroid hormonc 1s madequate. Lack of thyroxine
may be absolute, because of 1odine deficiency or because anti-thyrord
substances hinder the uptake of 1odine by the follicle, or relative, because
of an exaggerated periphcral demand, or wirtual, because of pitwitary
stimulation *  and 1t 15 the cause of excessive production of thyrotropic
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The hyperplastic (parenchymataus) phase of endemic goitre

This phase 1s temporary, but nevertheless has a pathological reality.
Hyperplasia may be either Jocalized or generalized. In contrast to exo-
phthalmic goitre, in which the histological prcture is similar, the epithelum
does not show eosinophilic degeneration, the stroma shows no lymphoid
reaction, and lobulation 15 well preserved. Two kinds of follicles can be
seen* microfollicles (Fig. 3) and macrofollicles with a folded wall show-
ing evaginations (papillac or buds termed * Sanderson polsters ”) giving
this form the appearance of vegetation (Fig. 4) The epithelium is cubical

FIG 3 GOITROUS THYROID SHOWING ADJACENT AREAS OF
MICROFOLLICULAR AND MACROFOLLICULAR HYPERPLASIA
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will not take part 1n secretion and will consequently undergo structural
involution,

Thus the succession of hyperplasttc phases in the gland involves structural
changes because of the formation of inactive arcas which are at first i a
resting state and sub ly undergo hypopl 1 In end
regions these successive hyperplastic phases develop under the stimulus of
1odine deficiency

Involution 1s shown by a decrease in the volume of the nucleus, then of
the cell  The hondria disappear from the cy the epithel:
becomes defimtively flattened, and follicles, no longer acuve, fill up with
colloid which they are unable to metabolize (Fig 6) Thear diameter
Increases from 300 to 900 and even to 1500 microns 13

FIG 6, INVOLUTIONAL PHASE OF MACROFOLLICULAR GOITRE

Reproduced by courtesy of Dr C Tejada, Guatemala

Apart from thts epithelial component, there is a nch stroma in endemic
goitre, consisting of loose fibrous or hyaline connective tissze. The circula.
tory changes—the most frequent of which are hyperaemua, 1}|tra ar o h -
matous haemorrhage, and then oedema (Table 11, pa e, 336)i encl v
rharnateristic than in nodular goitre, » PaE are loss
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FIG, 5. PAPILLARY HYPLRPLASIA OF THE THYRQID
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hormone and consequently of a hypertrophic reaction, followed by hyper-
plasia of the follicular epithelium

Resting phase and phase of invalution

The hyperplastic reaction cannot continuc indefinitely. When it does
not succeed in taking up the fodine required for maintenance of the endo-
crine balance, 1t comes to a stop, and atrophy of the parenchyma ensues.
In glandular atrophy, there can clearly be no question of goitre, but this 1s
a rare phemonenon

A more frequent development in non-gortrogenic areas is the refurn
to normal of the histolomeal picture as a result of the gradual reappearance
of collord 1n the follicles, which enlarge and resume their normal diameter
of 300 microns The hyperplastic eprtheltum returns to 1ts cubical shape,
about 15 microns thick. The gland may even enter g resting phase, followng
an increase in the mtake of sodine  The epithelium becomes flattened as the
follicte fills with colloid  Ths js the normal picture of the thyroid in Ieeland,
where there seems to be an abundant rodme intake.!®

In endemic areas, however, if a fresh todine shortage occurs, hyper-
plasia will usually develop subsequently in certain parts of the gland.
These centres of activity will continue to maintarn a satisfactory thyroid
palance in the subject. Neighbouring areas, consisting of resting foliicles,
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ingly frequent from the age of puberty onwards. In a more recent study
Mortensen, Woolner & Bennett ®! studied 821 glands from persons in
whom neither history nor clinscal exammnation had revealed trouble with
the thyroid. Fine 2-mm sections of the glands in this series showed nodules
to be present macroscoptcally 1n 49 5% of cases (12.2% uminodular and
37.3% mulunodular) and to develop mainly after puberty,

Wolfler 141142 had advanced the theory that these benign tumours
arise from embryontc epithelial rests  Aschoff ¢ also thought that nodules
have nothing to do with the problem of endemic goitre, but are indicative
of a benign neoplasia, having no connexion with hyperplasia and involution
since they differ 1n structure from the surrounding thyroid tissues and since
senile atrophy does not occur in them at the same time as it does 1n the
internodular parenchyma

Takng an oppostte point of view, Wegelin 1% 331, 134 argyed in favour of
a close relationship between these nodules and goitre  This view was sup-
ported by Rienhoff for the regressive nodule, and by Rice,'®? Rawson,*
and McGavack 7 for the hyperplastic rodule

These two schools are still 1n opposition, The truth 1s that the problem of
the pathogenesis of the thyrord nodule, even in non-endemuc regions,
1s very complex and s still pot understood According to Stanbury,!2
gostre 1s a constitutional disease in non-endemic regions, appearng for the
first time as adolescent goitre and developing mn about 25% of cases into
toxic goitre

1t has been observed that endemic and, above all, hyperendemic regions
are characterized by the early appearance of parenchymatous and collord
nodules before puberty However, progresston to toxic goitre has only
rarely been observed among the Bantu by Higginson % or by the present
author *

In pre-pubertal cluldren 1n the large endemic area of the Ueles (North
Congo) I'have found nodular formations in some 10 % of those with glandular
hypertrophy This hypertrophy occurs on the average 1 80% of children
aged 5-10 In this connexion we may mention Kimball’s 32 hypothesis that
there 1s a relationship between pre-pubertal nodules and severe iodine
deficiency during pregnancy—a relationship observed solely in hyper-
endemic areas, apart from a few exceptional cases 1n low endemic areas
The following example shows that this hypothesis 1s probably correct

A subtotal thyrordectomy had been performed on a woman with a
large fourth-degree colloid goitre, and, as often happens 1n the Jess developed
countres, the patient did not come back to the clinic for post-operative
care  She became pregnant shortly after having been operated upon and
returned to the hospital nine months later: caesarean section was necessary

to deliver the large baby, which weighed 4300 grams (the mother herself
weighed only 45 kg) The child, which was born with 2 nodular hyperplastic
goitre, died Its thyroid gland weighed 7 5 g, had a nodular surface, and was
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To sum up, the &iffuse form of endemic goitre in the adult is more
frequently collosd (atrophuc) than parenchymatous (hyperplastc) The
structure of the diffuse colloid form is of a distinetly folkieular type, with

d of the follicul P | an dant loose
ﬁbrous connecitve hissue  Regressive changes sn the stroma are, like the
errculatory upsets, of hittle significance.

According to Frattm et al® hlstochcmxca\ tests indlcate fowered

hohe activity, histoautorad: y and radioch hy reveal
the exastence of an mntense zodine uptnkc—pamculady by the mxcrol‘olhculzr
areas—and full but Jowered seerctory actwity, with preponderance of the
simpler ammoacids {Table 1)

‘The Thyroid Nodule
Pathogenesis

in the cycle as suggested by Marimne,® the hyperpiastic reaction, at first
general, may subsequently become jocal It takes place in the nodule, this
being any macroscopic tumour that can be distinguished from homo-
geneous thyrowd tissue.

Durning the life of the gland, nodules scem gradually to become more
common (Fig 7) Aschoff 4 and Ruce ¥ found that nodules were increas-

FIG 7 RILATIONSINP OF AGE AND SEX TO FREQUENCY OF
NODULARITY IN CLINICALLY NORMAL THYROIDS
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1ngly frequent from the age of puberty onwards. In a more recent study
Mortensen, Woolner & Bennett # studied 821 glands from persons m
whort neither history nor clinical examination had revealed trouble with
the thyroid. Fine 2-mm sections of the glands in this series showed nodules
to be present macroscopically 1 49 5% of cases (1229 umnodular and
37.3% multinodular) and to develop mamly after puberty.

Wolfler 1% 12 had advanced the theory that these bemign tumours
arise from embryonic epithehal rests Aschoff 4 also thought that nodules
have nothing to do with the problem of endemic goitre, but are indicative
of a benign neoplasia, having no connexion with hyperplasia and invelution
since they differ 1n structure from the surrounding thyroid tissues and since
serule atrophy does not occur mn them at the same time as 1t does in the
internodular parenchyma

Taking an opposite point of view, Wegelin 1* 131 13 grgued in favour of
a close relationship between these nodules and goitre  This view was sup-
ported by Rienhoff for the regressive nodule, and by Ruce,®* Rawson,*
and McGavack * for the hyperplastic nodule

These two schools are still 1n opposition  The truth 1s that the problem of
the pathogenesis of the thyroid nodule, even 1n non-endemtc regions,
1s very complex and 1s still not understood According to Stanbury,!'3
gostre is a 1 disease 1n di regions, appearing for the
first time as adoll goitre and d ping 1n about 25% of cases mnto
todc goitre.

It has been observed that endemic and, above all, hyperendenuc regions
are characternized by the early appearance of parenchymatous and colloid
nodules before puberty However, progression to toxuc goitre has only
rarely been observed among the Bantu by Higginson %5 or by the present
author 2

1In pre-pubertal children 1n the large endemic area of the Ueles (Nosth
Congo) I have found nodular formations 1n some 10 % of those with glandular
hypertrophy. This hypertrophy occurs on the average m 809 of children
aged 5-10 1In this connexion we may mention Kimball’s % hypothesis that
there 1s a relationship between pre pubertal nodules and severe 1odme

y duning preg y I tup observed solely i hyper-
endemic areas, apart from a few exceptional cases 1 low endemic arcas.
The following example shows that this hypothests 1s probably correct

A subtotal thyroidectomy had been performed on a woman with a
large fourth-degree colloid goitre, and, as often happens in the less developed
countries, the patient did not come back to the chmc for post-operative
care. She became pregnant shortly after having been operated upon and
returned to the hospital nme months later caesarean section was necessary
to deltver the large baby, which weighed 4300 grams (the mother herself
Wweighed only 45 kg) The child, which was born with 2 nodular hyperplastic
goitre, died. Tts thyroid gland weighed 7.5 g, had a nodular surface, and was




326 M P DE SMET

To sum up, the diffuse form of endemic goitre in the adult is more
frequently colloid (atrophic) than parenchymatous (hyperplastic). The
structure of the diffuse colloid form is of a distinctly follicular type, with

pond of the macrofollicul: m an abundant loose
ﬁbrous connective tissue, Regressive changes in the stroma are, like the
circulatory upsets, of httle sigmficance

According to Frattini et al®  histochemical tests 1nd1cate Jowered

bolic activity, h diography and radtoch: phy reveal
the existence of an intense jodine uptake—particularly by the smicrofollicutar
areas—and full but lowered secretory activity, with preponderance of the
simpler amnoacids (Table II),

The Thyroid Nodule

Pathogenesis

In the cycle as suggested by Marme,® the hyperplastic reaction, at first
general, may subsequently become local It takes place in the nodule, this
being any macroscopic tumour that can be distinguished from homo-
geneous thysoid tissue.

Durning the hfe of the gland, nodules seem gradually to become more
common (Fig. 7) Aschofl ¢ and Rice ™ found that nodules were increas-

FIG. 7. RELATIONSHIP OF AGE AND SEX TQ FREQUENCY OF
NODULARITY IN CLINICALLY NORMAL THYROIDS
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FIG 9. AUTORADIOGRAM OF A SECTION OF A NODULAR GOITRE:
STAGE §

Natural size
The white areas are the centres of actns

Taylor's observations support Wegelin’s theory that nodules are inked
with the pathogenesis of goitre as seen by Manne Nevertheless, 1t would
be premature to discard Aschofi’s theory, since undoubted adenomas may
develop in the thyroid gland as in any other organ

All these nodules ansing by hyperplasia or by mvolution seem to be
associated with goitrogenesis

Wegelin ! thought that nodules onginated as a local reaction to
thyroid hormone d Rice’s show the p of
and parenchymatous nodules with increasing frequency from puberty
onwards and, 1n exceptional cases, before puberty It 1s at puberty that
thyroid requirements are particularly high

Money & Rawson ™ produced goitre in rats after prolonged admi-
nstration of thiouracil. They noted at the same time the appearance of
a vartety of adenomas diffenng i structure from the gottre caused by
thiouracil

‘We have studied a series of 225 gortres removed surgically 1n an area

dering on the large hy demic area in the Congo. Only 13% of the
patients came from a region of low endemicity; the other 87% were from a
high endemic area. All the patients but one, a woman with Graves® disease,
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microfollicular in type. The woman was given iodine prophylaxis and
subsequently gave birth to two normal children

Taylor 1% 12 studied the pathogenesis of the nodules by autoradio-
graphy In stage 1, fine umform mottling tndicates homogeneous hyper-
plasia of the gland  In stage 2, foci appear where the 1sotope has been taken
up, adjacent to areas where 1t has not In some subjects all glandular
activity may even be concentrated in an area with a picture stmilar to that
of a toxic nodule This is merely a centre of activity in an 1nactive gland
Histologically the epithelium of these active zones is more columnar,
with large pucler

In stage 3, some lobules seem to develop independently of their neigh-
bours, and become hyperplastic to the extent of forming encapsulated
nodules which are pathologically distinct from the surrounding tissues
Deficient vascularization may lead to necrosts of the centre of the nodule;
in this case the picture 15 one of peripheral activity only (Fig. 8).

FIG. 8 AUTORADIOGRAM OF A THYROID NODULE SHOWING
RECENT CENTRAL NECROSIS

Natural size

In stage 4, the nodule becomes cystic, and fills with inactive colloid, or
1s replaced by new follicles which do not as a rule take up the 1sotox;e
In stage 5, the process of nodule formation, as described for one lobule,
extends to other lobules  Here and there a few young stage-2 nodules more

r less maintain the enthyroid state of this multinedular form of goitre

(Fig. 9).
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this series, 31.8 % of glands were nodular, and nearly a third of these weighed
less than 35 g. In the Congo we have a series of 225 goitres removed surgr-
cally, 220 of which are nodutar (Table 1)

TABLE | FREQUENCY OF NODULES IN THE THYROQID GLAND
ACCORDING TO DIFFERENT AUTHORS

Cases ' Frequency (%)

1
Rice," surgery and autopsy ss | sses
Helwig," autopsy w | 3.2
Nolan,® autopsy J 25 } 263 }
Schlesinger et al, " autopsy. nadules '

measuring 10 mm o I 82

Coffey et al."* surgery [ 18
Hull+? autopsy 221 646
Mortensen! autopsy 821 495
Teiada, " sutopsy 21 atg
De Smet# surgery 2 | et

|

For an evaluation of the distributton of nodules in the thyroud, the gland
may be divided arbitranily into five zones (1) the 1sthmus, (2) and(3) the
night Jobe, upper and lower segments, (4) and (5) the left lobe, upper and
lower segments In our experience, most palpable nodules are Jocalized
m the lower part of the night and left lobes It 15 rarer for the isthmus
to contain nodules.

In the Congo we found most nodules 1n the lower part of the right lobe.
These nodules are often pushed towards the mud-lme of the neck by the
sternocleidomastoid muscle, and present clinically as tumours of the
isthmus  As a matter of fact, we often found a nodule, commonly a solitary
one, onginating in the 1sthmus m semt-cretins and cretinoids.

The predilection of the nodules for the nght lobe is explained by Mato-
vinovié 72 as resulting from the better blood supply of thes lobe, the follicles
of thus lobe thus recerve a larger amount of thyrotroptc hormone

The solitary nodule

At autopstes, a solitary nodule has been found 1 10%-12% of all
thyroid glands 3. 47 and m 179 of glands clinically recogmzed as nodular

In the surgical sertes, the figures vary from 25% to 3295 38102 Jn
our surgical series 1 the Congo, we observed only 159 of sohtary nodules

Rice 1% found, on lustological exammation of solitary nodules, that
627/ were regressive nodules and 9% were foetal adenomas.
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had been operated on for endemic goitre with Jocal complications Among
the cases in the endemic area only 18 gortres were diffuse, and had a smooth
surface; however, nodules were found in 17 cases on section It appears to
us that, mn an area without jodine prophylaxis, endemic goitre always
becomes nodulac after puberty. This strongly suggests that the problem
of endemic goitre is associated with nodule formation

Another theory is that of Hull,* who found nodules to be most frequent
among patients suffering from arteriosclerosis He agrees with Marine
and Wegelin that nodules are the result of mvolution after locahized hyper-
plasia. He believes that cellular hypoplasia is limited at first to some epi-
thelal cells in the follicles, subsequently involves all the cells 1n one follicle,
and finally extends to the epithelium of several follicles, these making up
the nodule. The final phase of the regressive process, he bebeves, is an
adenoma contarning Hurthle oxyphiic cells

We may note that van Dyhe 1% found many more nodules in rats aged
300 days than in those aged 100 days. Attention should also be paid to the
observation of Tejada 1** that nodules are more frequent in undernourished
adults, This ph also the bility of a regressi
process

In conclusion, nodules are seen mainly in endemic areas but also, though
less frequently, i non-goitrous areas There are two opposing schools
of thought- one explains the pathogenesis of the nodule by Marine's theory
and 1t with goute the other holds that the nodule of
endemic goitre is a separate entity, and associates it with a neoplastic or
regressive process. The problem has not yet been solved. As regards the
Congo, however, I would stress the fact that the palpable nodule 1s almost
exclusively assocrated with the endemic state, and 15 rarely seen 1 non-
gottrous regions.

Frequency and distribution of nodules

Nodules are palpable onfy when their diameter exceeds about 10 mm.
They will thus be found chmicalfy less frequently than at autopsy, Where
nodules of $ mm and less can be distinguished. This explains the differences
between the statistics of Schlesinger *7 and Hazard & Kaufman,* on the
one hand, and of Hellwig,# Nolan *3 and Mortensen® on the other” the
last three authors included all nodules, whereas the first three did not take
into deratton cl My und ble nodules with a diameter of less

than 10 mm . e
Another source of statistical divergence is the origin of the series studie

The frequency n the surgical series of Rice 12 and Coffey, {xmorosq &
Mazzara * is unduly pronounced because often the aim of their operation
was to remove nodular thyroids st g pr !

In tropical countries (such as Guatemala) Tejada ™ examined a senes
of 279 glands obtained at autopsy from persons over the age of i0 In
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to the series of Hull ¥ and Mortensen,®t 64 8% of nodules are of this type;
according to our own observations, 469

Rienhofl,!® Rice 2 and Fischer ® considered them to be regressne
nodules that have reached the collord phase in the goitrogenic cycle postulated
by Marnne # The cells are flattened, and all ahke The nucler are small,
round, centrally placed and umiform The chromatin s fine, and situated at
the edge of the nucleus The follicles are dilated, and sometimes show
evagmations; this secondary hyperplasia 1s a sign of the reaction of some
cells to involution.

When these pseudoadenomas have reached a certain stage of develop-
ment, a capsule forms by compression of the surrounding tissues **

Glands containing muttiple nodules of the regressive type often proceed
to goitrous hypertrophy. In these glands the pseudoadenomas on section
are found to contain a brown, gelatinous substance In 139 of cases we
observed caletfication

The other varieties of nodule on section present as parenchymatous
adenomata, while histologically their structure 1s that of benign tumours
Glands with such nodules do not necessanly reach the stage of gotrous
hypertrophy.’®

Wegelin’s classification 13 with Rawson's * additions 1s as follows.

{1) The foetal adenoma 15 comparable to the structure of the thyroid
in a chick embryo aged 8-12 days

Wegelin di ishes a trabecul: di 1n which the follicles have
not yet formed—the picture resembles that of a chick embryo of 8-9 days—
and a tubular adenoma conststing of narrow tubes without collord, 1ts
structure being comparable to the thyroid of a chick embryo of 10-12 days

{2) The mi 1s more d d than the tubular
adenoma, and the folhcles, although below the normal size, are larger and
have an eprthelium of cubtcal cells with large nucler  Collordal secretion
1s shight  This histological picture 1s also found 1 the normal thyroid of
the premature baby of 8 months and 1n the newborn, and 1s comparable
to the structure of the thyroid in a chick embryo of 13-15 days (Fig 11}

(3) The mixed micro- and macrofollicular nodule

In this case the regressive phase can be seen ajong with microfollicles
of the hyperplastic phase (see Fig 3, page 322)

{4) The macrofollicular nodule

Ths 1s characteristic of the regressive phase (see Fig 6, page 325)

(5) Papillary cystic adenoma

This shows evaginations into the lumen of the cystic follicles It could
well be confused with the papillary hyperplastic phase of parenchymatous
goitre
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We have come across the solitary nodule relatively more frequently
tn low than in high endemic areas.

The finding of a solitary nodule appears to be of some consequence
i temperate regions. In the USA Cope et al 2 report 199, of cancers in
solitary nodules as against 10% in multinodular goitres.

Pathology of the nodule

The abnormal growth of the parenchymatous efements of a lobule
results 1n the formation of a homogencous tumour which stands out
sharply against the neighbouring tissues (Fig 10)  Macroscopically,

FIG, 10. INVOLUTIVE COLLO/DAL NODULE SHOWING COMPRESSION OF
NEIGHBOURING TISSUES WITH CAPSULE FORMATION

its appearance 1s that of a colloid or parenchymatous adenoma, Under the
microscops no lobular structure can be seen. so thai it 15 paossible to dis-
tingwish this adenoma histologicatly from normal thyroid tissue. ‘Two main
groups of ad can be distinguished- the follicular and the foetal.
Most of the nodules observed are of the colloid type These nodules are
often well encapsulated, but their histological structure has none of the
t istics of an ad With Fischer,®® we term them pstudo-
dto foetal ad A il

| or asopp
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foetal adenomata are found mainly in regions of moderate endemicity
surrounding the hyperendemic zone.

A histological examumation of the nodules was made in 173 nodular
goitres of our surgical series for the area bordering on the region of high
endemicity.

The results were as follows:

(1) Parenchyma: %
foctaladepoma . . ... ... .. 26
mcrofollicular adenoma . . . . o227
macro- and microfollicular adenoma . . . . 23
macrofollicular adenoma . . . 16
mixed cases (showing a mixture of me zbcve vme(m) T
lymphosarcoma or strunutts . . . . . 1

(2) Connective tissue:

loose connective tissue - - . .25
connective tissue 1n fine ﬁbn]s P . 4
sclerosis . .. .- - 20
haemorrhage . . . . 19
mytomatous degeneration . - - .o
inflammatton P - .. s
byahmzation . - .- . 6
calafication . 9
embryonic rests of kemnmxd malpnghxzn epllhthum 1

Mortensen, Woolner and Bennett # examined the parenchyma and the
internodular stroma of glands with nodules in a potentially endemic area.
Therr findings were as follows.

normal epithelium . 34
hypertrophied epithelum . . .13
ovyphilic epithetiam 06
fibrosis . . 49
lymphocytic mﬁhrauou . 65
normal parenchyma and stroma . . 833

Histomorphologrcally, therefore, the nodular form of endemic goitre
presents with a larger number of microfollicular structures than does the
diffuse form, The stroma 1s less abundant, but there are more regressive

changes, which are d by p hy haemorrhage and
regresstve epithelal phenomena, pamcularly n the nucleus. According
to Frattins et al *! and rad hy indicate
mntense and ! of the group of the rodmated

amine-acids, above all in microfollicular nodules, with mawmum functional
capacity m the youngest follicular structures,

The figures given 1n Table I, from the paper by these authors, make it
possible to compare the frequency of the various histopathological features.
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TIG. 11, MICROFOLLICULAR ADENOMA OF THE THYROID

SR ey
s
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(6) Hurthle’s oxyphilic adenoma
This has only rarely been observed 1n endemuc goitre, and we have
seen only one case among 220 nodular goitres

The term * adenoma ", according to some authors, 15 an uncertain one,
and Warren & Meissner ¥ have put forward criteria for differentiating
between a goitrous nodule and a true thyroid adenoma They masntarn that
the latter occurs only in a solutary nodule, This cnterton is not accepted
by Hull 47 nor have I scen evidence to support 1t [ have in fact repeatedly
found foetal adenomata side by side with regresstve nodules Hull found
different varieties of adenoma in 43.7% of nodular goitres; I have done the
same it 7% of goitres.

Using histochemucal methods, Haley, Dews & Commers* tried to throw
some hight on the problem In the adenoma, they found an increase 1n the
number of pyroninophilic granules resistant to nbonuclease, granules
which they did not find tn the cells of the goitrous nodule at the sumple
hyperplastic phase. Thus. there would be two types of nodule tumours

d ta) and nodules

The type of adenoma may vary with the region  In hyperendemic

zones we have found the macrofothcular type pred: ing, whereas
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Development of the nodules of endemic goitre
Benign development

Since the observations of Williams ™ 13% on the normal thyroid,
1t has been known that only a small fraction of the follicles are active.
Taylor 18 showed that in non-toxic goitre most of the follicles become per-
manently incapable of sharing in normal thyroid function and that only a few
groups of follicles produce the hormone necessary for the body Dobyns &
Lennon 2* showed that this excessive activity of a few follicles in a nodule
may lead to haemorrhage and subsequent central necrosis (see Fig 8,
page 328); as a result, these active nodules may undergo cystic degeneration.
The blood clot becomes orgamized, and calcium salts may be precipitated
later. Fmally, the nodule may form a single cyst with indurated and cal-
afied walls

The cysts are important because of their complicattons :

(1) Mechanical 1 b hb

Yy g tissues
the nodules may cause parenchymatous atrophy with sclerosts  Compres-
ston of the large vessels may lead to venous congestion, frequently seen
after the menopause. Furthermore, about 139 of these growths are retro-
sternal

(2) The cysts are sometimes the site of haemorrhage

(3) The cysts may be the site of suppuration, a phenomenon which 1s
more frequently seen 1n hy d zones In the Belgian Congo we
found 7 gottrous abscesses m a total of 220 nodular goitres, 1€, 1n 319
Bacillus pyocyaneus was 1solated 1n one case, pneumococcus in another
In other cases the culture was stenle (Fig 12)

Malignant development

Uehlinger ¥ reported that cancer of the thyroid was 10 times more
common 1n Bern (Switzerland) than 1n Berlin (Germany) or 1n the USA,
stressing thereby the higher frequency of thyroid cancer in endemuc, as
compared with non-endemic, areas However, Swiss pathologists have
described a rather special tumour, the haemangio-endothelioma, which 1s
found mamly in the gostrous regions of Switzerland The malignant
tumours which form in the thyroid nodule are largely of this type

Haemangio-endothelioma 1s not found with the same frequency in the
large endemic area of the northern Congo, or in that at the foot of the
Himalayas, or in the USA In these regions the frequency of thyroid
epithelioma is very low, 1n the Congo, according to a rough estimate, 1t affects
hardly 1 1n a thousand of nodular gostres

Brull ? found 0 39 of cancers in a series of 4000 goitre cases in Belgtum
Uehlinger *** found 21 cancers m a series of 5408 autopsies at Zurnich that
inctuded 3037 nodular goitres, 1¢, 007% of cancers In the Far East,

2
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These adenomata are recognized to be precancerous.’® Soetomo 1
found stmular formations 1n Indonesia.

Thus, the mahgnant development of endemic goitre nodules remains
unconfirmed. It has frequently been reported in Switzerland and the
USA, but 1n the tropics it is rare in the endemic regrons, perhaps because
sufferers from goitre do not live long enough for malignancy to occur

Factors Influencing Structural and Weight Changes in Endemic Goitre

The structural and weight changes of endemic goitre are influenced by
several factors.

Todine prophylaxis

In endemtc areas, the thyroid gland 1n the newborn baby 1s in the
diffuse hyperplasuc phase, with well-conserved lobules, but the number
of follicles 1s increased and they contain no colloid The connective tissue
1s congested, and hyperaemia may be so ntense as to cause dyspnoea and
endanger the baby’s life

During infancy the number of follicles goes on increasing if there 1s
1odine deficiency If the hyperplastic tissues can take up the amount of
1odime the gland requires for the production of thyroxine, the hyperplastic
phase ceases and the picture 1s then one of mixed micro- and macrofollicular
goitre, with an increase mn collowd 133

As mentioned above, 1n 1910 the normal child in central Europe was
born with a thyroid werghing on the average 5 g, while 1n adults 1t weighed
from 34 to 41 g, and 1n old persons from 30 to 32 g  Fifty years ago these
weights, which would now be considered pathological, were regarded as
normal

Since the mtroduction of todized salt and the mtensification of pre-
natal care for mothers, these average weights have gradually decreased and
they are still decreasing 2. 3% According to Schamaun 1% and Uehlinger 123
the weight of the thyroid m about 50 % of new-born Swiss babies decreased
during a recent 10-year period by 3 g or more The frequency of neopatal
goitre, with a gland weighing more than 6 g, fell from 42% to 6%, durtng
the same pertod.

The three classes of congenital thyroid hypertrophy distinguished by
Wegelin (up to 3 g, from 3 to 6 g, and more than 6 g) have shown a shuft
towards the left, and the third class has disappeared In particular, the
thyroid hyperaemia of the first three days of Iife described by Wegeltn has
become less intense, as a result of the 1odine admirstered before birth.%

While a return to normal 15 something that actually occurs 1n the
physiological gortre of puberty in non-endemic regions, 7 1t is rare in endemic
areas, where 10dine prophylavis should be instituted before the birth of
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FIG 12. INFECTED GOITRE WITH SUPPURATING THYROIDITIS
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Note the formation of a collateral circulation
wn the thoracie region as a resull of venous stasis.

Ito * discovered 40 cancers 1n examination of 185 nodular goitres. Morten-
sen et al & found 2 1% of malignant neoplasms in clinically normal thyroids,
and 4 2% n nodular thyroids.

It has been generally accepted since Graham 3 that 909 of thyroid
cancers develop 1n an already existing nodule

Ward ' was the first to doubt the existence of an antecedent benign
nodule, a doubt that has since been shared by Lahey & Hare,’” Meissner
& McManus,” Swinton,* Crile,)” VanderLaan 12¢ and Thalmann,!** who
believe that a transition from a benign adenoma to cancer 1s rare. Reliable
evidence 1s difficult to obtain, since 1t is usually impossible to prove that
the pre-existing nodule was free from malignancy.

It 1s very probable that many nodules, in particular the solitary ones,
are potentially cancerous from the outset Even m the tropics, where
epitheliomas are rarer than in temperate chimates, we have observed that
sn endemic zones children before puberty sometimes exhubited solitary
nodules that on removal revealed a Iliferous, hyperplastic
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The gland in adults contains follicles with a diameter of 160-300 microns
Among adult subjects in Tejada’s series, the thyrou glands showed 2
decrease 1n the diameter of the follicles, with little colloid and a fibrous
stroma. This might be regarded as premature sentle mvolution,

The role played by hormones

The mfluence of the folliculin secreted by girls during puberty seems to
be more important than increased metabolic activity. This is shown by the
greater increase 1n the size of the thyrosd 1n girls as compared with boys
of the same age.®

Loeb has reported cyclic hypertrophy of the acinar epitheliur duning the
luteal phase of menstruation Among the Chinese, thyroid hypertrophy
was already recognized as a sign of pregnancy several centurtes ago.

In a study 2 of the relationship of goitre to gynaecological growths
m the endermic and non-endemic areas of the Congo, I found that 7% of
wonten with a goitre also had a uterme fibromyoma This assoctation does
not necessarily tmpair thyroid funcuion 1n women. In one case of hyper-
thyroidism, I found on bropsy a gland without histologrcal evidence of
hyperthyroidism, 1nstead, the follicles were dilated and well filled with
colloid, and the eptthelium was normal In this case, the cause was hyper-
folliculmsm  Thyroidectomy aggravated the sitnation, but subsequent
total hysterectomy resulted 1n cure Thus, 1 non-endemuc areas goure

1n women should suggest the a prior: possibility of some
condition.
Infl of peri goitre

Certain thyrostatic substances can cause endemics which are not due
to 1odine deficiency Endemic gortre occurred during the Second World
War in some Belgian convents, and, more recently, as Clements ¥ 1! has
reported, endemic gostre periodically made tts appearance 1 Tasmania
despite regular jodine prophylaxis

These endemic gortres are due 1o causes other than rodmne deficiency,
and knowledge of them 1s important 1f the problem of endemic gortre is
to be understood

1 Evpenimental Research workers have never been able to induce
colloid gmtre m ammals by an 10dine- deﬁclenz diet, the best experimental
PR

t
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theory 1s that colloid goitre 1s only a regresslve phase ofa previously hyper-

plastic gland and the succession of hyperplastic and regressive ph.ascs gives
rise to large gottres  Using sull as a th M;
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the child to prevent nodular hyperplasia and subsequent involution. A return
to normal may occur in goitres that are uniformly hyperplastic, Experjence
has shown that localized changes, such as nodular hyperplasta, hardly
respond at all to 1odmne medication and that usually a remnant of the
nodule will be noticeable later.

On the whole, the meidence of the disease among adults 1n endemic
regrons has derably decreased, and palpable nodules do not appear
at such an carly stage, if at all, On the other hand, thyroid cancer has not
decreased, desprte the great success of fodie prophylaxis against endemic
gonre, only sarcomas and epitheliomas have decreased, whereas certain
ather large-cetled forms have increased 122

Stein " constders 1odine to be meffective in non-endemic regtons in cases
of microfollicular goutre  Ths is alsa the opinion of Guinet,? who advises
against 10dine Jf there 35 no certainty that the gland 15 anatomically and
functionally able to use 1. In such cases thyroxtne gives good results.

The role of malnutrition

The influence of malnutntion was studied by Oberndorffer ® at the
end of the First World War, and he held that deficiency states cause different
degrees of atrophy in the gland. Hottinger * made a sumilar study during
the Second World Was, but did not find any significant change in the
structure of the thyroid in undernounshed prisoners tn German concentra-
tton camps  Furthermore, hepatic cirrhosis often accompatues malnutntion
and marasmus, and in 319 of cases thyroid atrophy 1s observed

The problem was again taken up by Tejada 12! 1 Guatemala, where the
majonty of the populatton suffer from chronic malnutrition i companson
with European standards This author compared a sertes of 357 thyroids
with 4 series from New Orleans, an area free from goitre, and found differ-
ences both in aduits and sn children However, on comparnng the thyroids
of Guatemalan children suffering from kwashiworkor and marasmus with
those of well-fed children in the same country, he did not find any ssgmificant
differences. Among undernounshed adults he found only a more marked
tendency to nodule formation.

Qbservations dunng the European wars and in Guatemala therefore
do not justify the drawing of any definite conclusion about the mfluence
of malnutrition on thyroid structure

The structurat differences between the thyroids of children m tropical
countries where malnutriiion 1s prevalent and those of children in temper-
ate countries free from endemic goitre e in the dameter gf the fotheles:
this averages 36-42 microns i children hving in the (X‘OplCS,.\\'hE(EaS in
children in the USA 1t may be as much as 160 mcrons Intemmnar‘ﬁbroﬂs
is also more marked m young undernourished children m the tropics than
in white children, and is found in the liver as well.
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The gland in adults contains follicles with a diameter of 160-300 mrcrons.
Among adult subjets in Tejada's senes, the thyroid glands showed 2
decrease in the diameter of the follicles, with little colloid and a fibrous
stroma This might be regarded as premature senile mnvolution

The role played by hormones

The wifluence of the folliculin secreted by girls dunng puberty scems to
be more important than increased metabolic activity. This ts shown by the
greater increase in the siz¢ of the thyroid m guls as compared with beys
of the same age *

Loeb has reported cychic hypertrophy of the acinar epithelium during the
luteal phase of menstruation. Among the Chmese, thyroid hypertrophy
was already d as a sign of p several cepturies ago

In a study ® of the rel hip of goitre to g L ! growths
1n the endemic and non-endemic areas of the Congo, I found that 7% of
wamen with a goitre also had a uterine fibromyoma. This association does
not necessanly mmpar thyroid function mm women In one case of hyper-
thyroidism, | found on biopsy a gland without histological evidence of
hyperthyroidism; instead, the folhcles were dilated and well filled with
colloid, and the epitheltum was normal In this case, the cause was hyper-
folliculinsm  Thyrowdectomy aggravated the situation, but subsequent
total hysterectomy resulted v cure Thus, 1 non-endemic areas gortre

tn women should suggest the a priort bility of some g
condition
I of goitrogens; experi 1 goitre
Certamn can cause endemics which are not due

to rodine deficiency Endemic gortre occurred duning the Second World
‘War in some Belgian convents, and, more recently, as Clements ™ 11 hag
reported, endemic goitre periodically made its appearance it Tasmama
despite regular rodine prophylaxis

These endemic goitres are due 1o causes other than 1odmng deficiency,
and knowledge of them 15 1mportant 1f the problem of endemic goitre 15
to be understood

I Experymental Research workers have never been able to induce
colloid gojtre in amimals by an 1odine-deficient diet; the best experimental
subyect stll remans man, as put to the therapeutic test of 10dine prophylaxis
On the other hand, goutre has rapidly been produced 1n anymals by a deet
based on goitrogensc vegetables °- 42, and by thyrostatic drugs ®* Martne’s
theory 1s that colloid goitre 15 only a segressive phase of a Ppreviously hyper-
plastic gland and the successton of hypesplastic and regressive phases gives
nise to Jarge goitres  Using sulfaguamdine as a thyrostatic, Mackenzie &
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Mackenzie  produced a collord goitre in the rat after intermittent admi-
mustration of this antithyroid compound. The gland remained twice its
normal size for a long penod. However, stnple, irreversible colloid goitre,
characterized by distended follicles and a fattened epithelium in the resting
stage, has not been obtaned.

2. Hostological  Gontres intuced 1n man by treatment with antithyroid
compounds are totally different in structure from endemic colfoid goitre, The
epithelium 15 cubseal with papilliferous evaginations; the nuclei are large,
and therr abnormal size reveals a state of excitation under the influence of
the thyrotropic hormone  Colloid is ofien absent

3 Epdenme  The concept of gostrogenic substances is useful and per-
haps makes it possible to understand the shades of difference in one and
the same well-defined endemic zone. Despite a general iodine deficiency,
sotie people have a clearly visible gatre and others, liviag in the same
district, one that is hardly palpable. In the Belgian Congo we suspected
that certain antithyrord compounds in the food played a part in the genests
of endemic goitre, ™

Cretinism

In hugh endemic areas, cretins ate hypothyroid or athyroid and have a
larger than normal pituitary.® In de de areas, inism is
less intense, and semi-cretins and crettaotds present a picture of nodular
goitre, the nodule often bewng solitary Macroscopic examinatton shows
these nadules to be benign tumours, usually fbrous, with a central calcified
creatricial area, or sometimes cotlotdal cysts with calmfied walls  Histo-
logically, the foetal and mucrofollicufar forms are those most rrequcn(fx seen
Autoradiography of these nodules sometimes reveals peripheral follicular
activity (Fig 13)

Classification of Fndemic Goitre

Several clasufications of endentic goitre have been suggested, based on
mato-clinecal, fuactional and pathological caterta.

1 For ther mass surveys, Perez, Scrmshaw and Muitoz ® have
proposed a sumple and effective somato-clntcal classification with the
aim of following up the results of 1odine prophylaxis in Central Amenca.
This classificatron 15 on the same hnes as the traditional Swiss one.

Group 0 ‘Thyroid noa-palpadle or palpabile, less than 4 o 5 tmes
the normal weight of the gland for that age.

Group t  Goitee palpable and visible when the neck js extended

Group 2 Goure visible with the neck un any position.

Group 3 Large goure
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FIG. 13. AUTORADIOGRAM OF A FOETAL ADENOMA SHOWING
CENTRAL FIBROSIS

Natural stze

This system does not take 1nto account glandular consistency or degree
of nodulartty Moreover, although it 1s perhaps easily applicable to high
endemic areas where early cases can be neglected, 1t ts not suitable for
surveys 1n primary schools tn mild endemuc areas In these, Group O cases
call for further subdivision, for some palpable glands in children before
puberty are shghtly larger than the thumb-nail, with an 1sthmus exceeding
5 mm 1n thickness, and have doubled in weight, but have not reached the
critical weight for goitre, 1€, 4-5 ttmes the normal This 1s a hyperplastic
reaction which warrants attention, since 1t 15 not general, the majonty of
thyroids within normal anatomical Iimits being mpalpable or just about
palpable The subsequent discovery of one or more nodules 1n these larger
than normal glands is of great sigmificance, as are also hard glandular con-
sistency and an irregular surface.

Consequently, we have always used a more elaborate system than that
of the authors cited above, one which has gtven us more data for analysis
at the end of the surveys Our classification of endemtc goutre 15 as follows

diffuse

(a) diffuse parenchymatous goutre DP

(b} diffuse collmd goitre DC
nodular

(a) generalized nodular goitre NG

(b) 1 localized whole-lobe nodule WN

2 solitary nodule SN
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The following degrees are distinguished in each class:

=)

Impalpable thyroid

. Palpable thyroid, just visible on swallowing
II. Thyroid visible when neck 15 extended
1L, Goutre visible without extension of neck
1V. Large goitre

Diffuse parenchymatous goitre is only found up to adolescence. 1t is
firm 1n consistency, smooth in surface, small, regular, and follows the
outhine of the normal gland. Most schoolchildren with hypertrophy have
this type

Diffuse goitre corresponding to the criterion of Perez, Scrimshaw and
Muiioz,” i.e , with a gland at least 4.5 times the normat size, is found from
puberty onwards, or before puberty 1n hyperendemic zones

Generalized nodular goitre 1s the prototype of the goitre found in
endemic regions,

Solitary nodules are less
where only one lobe 15 affected and the other, hardiy palpable, is normal.
The latter are surgically important

We sometimes d additionat ct

d descending

a adherent to the skin (

rhage from arteriosclerosis)

1 mfection

h7  hyperthyroidism

hs  hypothyroidism

2 Functional classification distinguishes between goitre accompaned
by hypothyroidism, euthyroidism, or hyperthyroidism

Cretins, semi-cretins and cretinoyds are recogmized 1n high endemuc
areas by physical and psychuatric exammnation Some adolescents and
adults display marked apathy or hypothyroidism

In most sufferers from goitre, however, thyroid function 15 normal

Shight symptoms of hyperthyroidism often appear at puberty (paren-
chymatous goitre) Toxic adenoma (Plummer’s disease) 15 thought to be
the end-result of the development of the goitrous nodule. Exophthalmic
goitre appears mainly after the menopause, but may develop as a result of
excessive mtake of 1odine by people with a gortre.

3, Aschofl’s ¢ pathol 1 cl of end goitres, based
on disorders of function, 15 still used 1n Germany:

A. Hyperplasia of the thyroid (diffuse struma)

1, Duffuse parenchymatous goitre of the newborn.!

=2~

and so are whole-lobe nodules®

1511C:

d fi or sub haemor-
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(X}

Diffuse macrofollicular colloid goitre

(a) proliferaung- forms with a hyperthyroid tendency, ranging
from the subclinical to the serious;

(b) non-proliferating: euthyrord forms with apathy and hypo-
thyroidism, cretimsm

Diffuse microfollicular colloid goitre (th¢ normal thyroid of

mountainous areas, according to Wegelin)

Diffuse parenchymatous goitre of the exophthalmic type with

severe hyperthyroidism*

(a) with the tnad of exophthalmic goitre,

{5) without the triad of exophthaimic goire

5 Daffuse collord gortre of the exophthalmic type

w

IS

B Adenomatous hyperplasia
6 Diffuse pr and non-prol nodular collod goitre
with hyperthyroidism or hypothyroidism

C. Adenomatous form

7 Simple nodular goitre, hypothyroidism

8 Nodular gonre of the ¢xophthalmic type, hyperthyrordism
Wegelin drew up another pathological classification that 1s simpler

and more generally followed

A. Diffuse goitre

1 Duiffuse p: h gottre ( lar)

2 Diffuse colloid goitre

B Hyperplastic nodular gortre (nodular hyperplasia)
C. Adenomatous nodular goitre
1 Parenchymatous nodular goitre (trabecular, tubular, mcro~
follicnlary
2 Macrofollrcular nodular colloid goitre
D Duffuse and nodular goitre (muxed forms)

To sum up, the classification selected should be adequate for the purpose
the examuner has in view For medical surveys the doctor needs a simple
classification so as to follow up the results of 1odine prophylaxis, sefect
cases for surgery, and have some gurde, based on nodulanty at school age,
to the degree to which goitre 15 endemic, the climictan, being interested
primarily mn thyroid dysfunction, looks at the problem from the purely
practical viewpoint of treating his patients as effectively as posstble, wiile
the patholagist 1n the laboratory, sectiomng matertal obtaned at autopsy
or after surgical excision, sees the classification as descriptive
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ETIOLOGY OF ENDEMIC GOITRE

JeaN ROCHE * & SerGE LISSITZKY **

The cause of endemuc goitre has not been completely determined, and
1s complicated by the existence of factors varying from case to case Although
m some paris of the world endemicity is so huigh that a very large percentage
of the population 1s affected, in others, on the contrary, only a relatively
small fraction of the population 1s affected, although there 1s very lttle
difference 1n living conditions between the two areas Tt follows that etiole~
gical factors that have been shown experimentally to affect thyroid hyper-
trophy must not be regarded as the only ones involved 1n human pathology,
the influence of multiple factors, some of them undoubtedly unknown, must
also be taken mto account 1f the orign of the endemic 1s to be explained
We shall confine ourselves here to reviewing the main discoveries 1n this
field, but before discussing them a few general comments should be made,

General Comments

Gaitre 1s produced by a mechamsm m which the anterior lobe of the
pitwitary 15 concerned as well as the thyroid gland, which 1s acted on by
pituttary thyrotropic or thyrord-stimulating hormone (TSH). Since the
secretion of TSH 15 regulated by thyroxine and its analogues, thyroid-
pituitary interaction dominates the pathogenesis of goitre Decrease 1
thyroid hormone brings about d of TSH which,
m normal subjects, re-establishes the production of the thyroid hormones
and their release into the circulation i normal amounts In turn the thyroid
hormones inhibit the production of TSH  Such a self-regulating mechanism
ensures a physiological balance 1n the secretory activity of the thyroid only
if the latter responds adequately to TSH, which seems to activate simul-
tancously all stages of the osynthesis and secretron of the thyroid hor-~
mones A permanent falling off i thyroid activity results 1 hypertrophy

® Laboratore de Biochumie générale et comparée, College de France, Paris Franco
#* Laboratosre de Chirmie biologique, Faculté de Médecine et de Pharmacie, Marseilles, France
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lems of endemic goitre being forgotten and failures being overlooked —
faillures that have led to doubt being cast on the part played by todine
defi itself in the prod of goitre 3 We propose to consider, on
the one hand, the evidence for the view that 1odine deficrency 1s an important
factor in endemic goitre and, on the other, the evidence that 1ts importance
1s himited. .

Regions where air, water, so, and consequently foodstuffs are poor n
1odine are almost always the site of endemic goitre, and only under rather
special conditions does 1t occur outside regions where the diet 15 deficient
m iodides A paper by Von Fellenberg 18 on the relationship between the
1odine content of dninking water and the frequency of endemic goitre
Switzerland typifies this view. The number of people with goitre 15 about
10 % of the population or less when the water contains at least 1ug of 1odine
per litre, whereas 1t generally exceeds 109 and often reaches 309,-50% or
more when the 10dine content of the water 1s of the order of 02-2 4 ug per
litre  As regards the relation between the 10dine content of the soil and the
frequency of gomtre, significant results have been obtained in France,
England, Argentina, Central America, Colombia, USA, India, Japan,
New Zealand, Switzerland, Venezuela and Yugoslavia Nevertheless,
certain discrepanctes have been noted 1n these results ¥ 1% In Switzerland,
people with gortre form 1% of the population m one valley where the soil
contains 11 9 xg I/kg, 1n other valleys the percentages of goitre patients and
the rodine content of the soil, respectively, are 12 1% and 4 9 pg/kg, 56 2%
and 0 6 pgfkg; and 61 6%and 14 pg/kg Similar findings have been made
in England, Argentina, Japan, Holland and the USAS: % and favour
Marine’s view that goitre 1s caused by a relative deficiency of rodine ® This
fact has frequently been confirmed experimentally, but, as remarked by
Trotter,'%® significant results have been obtained only recently, when it
became possible to keep animals on well-defined diets, completely free from
the goitrogentc substances present in some of their natural foods Thus,
Axelrad, Leblond and Isler 13 observed marked thyroid hypertrophy m
mice g an jodme-deficient diet (R diet), even when each
constituent of the diet was stopped 1n turn  An excess of sodium chloride
also causes goitre to appear, but this 15 probably because of the resultant
{oss of 10dides 1n the urine, the renal excretion of 10dsdes ncreasing parallel
with that of chlonides However, experimental thyroid hypertrophy caused
by 1odine deficiency cannot be equated absolutely with human goitre

If 1odine 1s to be attributed a role in the production of human goitre,
1t should also be shown to be effective 1n 1ts prevention, and, if irreversible
lesions have not appeared, 1n sts cure  The admistration of 10dized salt
because of 1ts preventive effect has rightly been advocated for a long time
by Marine & Kimball 7 and practical methods of adrumistering 1t have

been outined by Hollman,® M ¢ & Ramal 0 and

A
Nicod * The first demonstration of its effectiveness was given by Bous-

2
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and hyperplasia of the gland, which, nstially at least, are compensatory pro-
cesses 0 In experimental goitre, no further changes take place. In the en-
demic disease, h , these are ded by ion of the
hyperplastic gland {exh atrophy), a ph b d by the
appedrance of vesicles full of coltord, with the epithefium in the resting stage.
It foffows that the etiofogical study of endemic goitre should take into account
disorders 1n the pitwtary secretion of TSH and in the biosynthests and secre-
aon of the thyroid hormones, as well as the response of the gland to pro-
longed disturbances of endoerme fuaction,

In the present state of knowledge, 1t ts impossible to undertake an
objective study of this scope  Consequently, we shafl hmit ourscives to
discussing here those etiological factors which are well defined at the present
tme, not forgeting that none of them 1s able by itself to cause endemic
gottee to appear or persist, and that this disease should be conudered in
general to be the result of multiple causes, not alt of which have yet been
defined  The role of nutritional factors i the production of gotre was
demonstrated long ago, whereas the part played by other factors remains
wuncertaun, this chapter will be devoted prunarily to the former.

Todine Deficiency and Endemic Goitre

The opimon that endemic gotre §s due to, or closely linked with, iodine
deficiency ts very widely held It 55 necessary to make clear to what extent
this view 15 correct and to point out that extrapolations of experimental
results must be made with caution, Experumental procedures generally
bring about rapid hypertrophy of the gland, whereas endemuc goitre
develops anly slowly, the body gradually hecoming adapted ta a pro-
gressive disturbance tn hormone secretion, Jt 15 significant that, in genersl,
the basal metabolic rate s not lowered n sufferers from goitre,® whereas
1t 35 In experimental ammals fed on gottrogeme foods whose action can be
mhibited by todides

Although attempts to cure gostre with 10dine were made by Comde
as far back as 1820, Prévost i 1830 seems ta have been the first 1o attempt
1o conmect endemcity with lack of iodme n drinking water. Chatin,®
by determunng the todinc content of air, water and sodl (1850-1854), made &

el

prime contnbution towards the d of 2 Tip between
the develop of end goutee and mad odide intake, Subse-
quently, many pieces of evd [¢ joned in an important survey By

Qrr & Leutch ™) i favour of this relatsonship were found in climcal medt-
ane. However, it was Baumann's % basic discovery in 1896 of the excep-
tionat nichness of the thyraid gland n 10dme that finally indicated the hne
research should follow and made it possible to try out treﬂtmgn! and
develop a method for the prevention of goitre. The successes achieved i
these varous ficlds have sometimes restlted in the complextty of the prob-
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tracer dose of Na '3, 1n goitre patients the radioactinity of the gland is
highest after 6 hours. This rapid uptake is accompanied by an increase
in the amount of 1odine stored by the gland (24% and 77 respectively
among subjects with gostre and normal subjects, i groups studied in the
Argentine Andes; 74% and 37% respectively m two groups exammned in
Venezuela). In endemic ateas the daily excretion of 10dine is uniformly low
(15-40 pgfday), whereas 1t may often exceed 100 pg\in other parts of the
same country where the 10dine mtake in the food is luigher, By means of the
adminustration of iodine (150 ug, 500 pg, or 1150 pg/day) to gortre patients it
was possible to detect the gradual establishment of a positive todine balance,
starting from an nitial state where thes balance was negatve. It follows
that these pattents were clearly 1n a deficiency state and that the avidity of
thetr thyrord gland for iodine was related to this state. On the whole, there
are numerous observations that fit in with the theory of the existence of
dietary 1odine deficiency m endemic goitre, but a direct cause and effect
relationship cannot be deduced to the fon of all other etiol 1
factors. This reservation 1s all the more necessary because some people
1n communtties where endemic goitre is very prevalent, living i the same
conditions as others with goitre, have no thyroid enlargement, although
tests of thyroid function give the same results. Among some non-gortrous
subjects 1n endemic regtons extremely low values have been found for
protein-bound 10dine (PBI} in the blood (1-2 ug/100 ml), which indicates at
least exceptional adaptatton to marked hypothyrordism Otherwise, the
effectiveness of iodides 1n controlling endemic goitre does not call for
lengthy discussion, since the results obtained a few years ago by Scnimshaw
et al% 1n Salvador and Guatemala supplied particularly convincing proof
of it There 1s no doubt that 10dine deficiency can be an important factor
1 endemic gortre, but the conclusion that 1t 1s the sole cause of the disease
has been reached too hastily. Indeed, a number of observations, which we
shall discuss later, have established that endemic goitre exists 1n which
this deficiency does not seem to be wmvolved The preventive action of
1odides does not by itself justify the view that lack of 10dine 15 the onigin
of endenuc goitre; 1t may counterbalance some disturbance of hormone
bosynthests of which thyrod hypertrophy 1s a long-term consequence.
The fact that iodine “Jeakages ™ due to some upset in enzymatic dehalo-
genation of the rodotyrosines in the gland 95 %1% produces the same
phenomenon is significant. The complex nature of the varous stages of
brosynthesis and secretton of the hormones and the existence of a pituttary
regulatory mechamsm for thyroid function render the latter hable to a
variety of disturbances that result 1n the gradual formation of 2 goitre

Thus 5t 15 not surprising that, the role of iodme deficiency i the production
of goitre having once been accepted on the basis both of studies of endemic
gotre * and of expenments on thyroid hypertrophy in the trout * and the
dog,™ much discussion has centred around its importance and 1ts mode of
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singault,”* who showed that a mineral salt reputed to be an effective agent
for the cure of goutse in Colombia contasned 3 considerable proportion of
todides. This finding provides a Ink with age-old empincal practice, and
it 1s now umversaily pted that the adminstration of iodized salt to a
y th d by end gortee §s the most effective means of
prophylaxis. Nevertheless, it does not follow that endemic goitre 15 caused
solely by iodine deficsency, this point will be discussed below. The addition
of 10dide 1n a quantity not ding normal requi to the food of
persons living ta an endenuc region s frequently not enough to prevent
gostre formation,*” and this shows the multiplicity of the etiological factors
involved Although it 1s difficult to state the exact rodine needs of human
adults (20-40 g per 1000 calaries according to Orr & Leitch,* 100 pg per
day according to Greenwald ** and the Nutrstion Committee of the British
Medical Association, 150-300 pg per day according to the Food and Nutri-
tion Boasd of the United States National Research Council) it 15 certain
that they mcrease durmng pregnanty and | i M , midk s
poor in iodine (8-12 pg/100 mi for human milk 5%). The thyroid becomes
enlarged in pregnant women and the foetus, as well as in nursing mothers
and the newborn baby, if the maternal diet does not mnclude an adequate
amount of iodine. This hyperteophy raprdly regresses on the admimstratson
of sodides, and 15 not seen at all if iodine 1s gven prophylactically;
but the problem remains of the extent fo which it is analogous to the
ttial stage of goitre. Nevertheless, prevention 1s not uniformly suecessful
As will be seen below, the action of certain goitrogenic thiourea derivaives
tn food 1s not mhibited by the ingestion of sodides,” so that under condi-
uons where gortre 1s 1 with the of food rich in stch
substances, 1t cannot be prevented with certainty by the administration of
todized salt
Important research of another kind carned ouvt on people m areas of
endemic goitre has also made clear the importance of jodme 1n food. The
uptake of radio-fodine by the thyroid and its excretion in the urine have
been spectally studied among vanous population groups—some affected
and others flected by endemic gott the Argentine Andes by Stan-
bury ot al.* in Venezuela by M. Roche et al.® and in the Belgian Conge
by Bastenie et 2l It 1s noteworthy that the uptake of i by the pland 15
much higher 1n endemtc than in non-endemic areas (e.g , averages of?}% as
against 37% ™), and is accompanied by a very fow urinary excretion of
odides
’ Swgnificant facts have been revealed in recent stu(:h'cs of endemic gml‘\;e
by exploratton of thyreid function with *!L. Wheteas in nonr.la') sublccts the
maximum thyroid uptake of ¥ oceurs 24 hours after administration of a

i, Gal-
temie, P A, De Vischer, A , Beckers, G, Bucke, I, Ermans, A M,

o ,‘i"i“i".ﬁ“.?f,”s‘cﬁf;'if R e eared vt 8 sompassu'on endemic gonre 1 the Befgian Congs hetd
S Brussats on 12 January 1960
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L-tyrosine residues whose subsequent iodmation produces 3,5-difod-L-
tyrosine. The two stages i 1odine fixation may be controlled by different
enzymes The next step consists 1n the condensation of two 3,5-ditodo-L-
tyrosine residues, giving nise to an L-thyroxine restdue, and of a 3-monoiodo-
L-tyrosine with a 3,5-duodo-L-tyrostne residue to give a 3,3',5-triodo-L-
thyromne residue The linkage mechanism 1s still completely unesplained,
the possible mtervention of one or two distinct enzyme systems being purely
hypothetical The greater part of the organic 1odine 1n the gland s stored, i
the form of thyroglobulin, 1n the colloid substance of the thyroid follicles It
1s suill a matter of controversy whether this protein 15 homogeneous Its
todized amino-acid content, which generally vanes only shghtly (hormone
Iftotal I=ca 0 3) in the glands of normal subjects, may show considerable
variattons 1n certain goitres, indi ad mn hormone prod
The sodinated amino-acids are set free from thyroglobulin by a thyrord pro-
tease Thyroxme and 3,3’,5-truodo-L-thyroune are the only iodinated
1 1 the blood under normal physiological
conditions, Lthyroxme ncluding at least three-quarters of the hormonal
1odine  Free 3-monoiodo-L-tyrosine and 35-duodo-L-tyrosine are de-
10d1nated by enzyme action to form r-tyrostne and todide withun the thyroid
gland, where the I-tons are again used for a fresh cycle of hormone syn-
thesis, The mechamism goverming the passage of the hormones from the
gland to the plasma has not yet been investigated experimentally. As regards
the metabolic fate of the hormones, this involves successively transport
by the blood, penetration into receptor cells, and utilization by the latter
The cellular phase of their metabolism 1s governed by a complex equilibrivm
between de-10dination and de-amination, followed by decarboxylation of the
hormones, on the one hand, and their union with cellular protems on the
other The nature of the mechanssms by which the hormones exercise therr
specific latory effect on cell hism has not yet been clearly defined
Qur knowledge of the goitrogens 15 derived from observations linking,
goutre with the kind of diet given to laboratory ammals, or with the admi-
nustration of certain drugs to man, but only goitrogens 1nt the diet play a
part, more or less directly, 1n the development of endemc gortre However,
study of antithyrord drugs has been of considerable importance since 1t
has made 1t possible to produce expenmental goitre at will, to study the
action of these substances on the thyroid gland and on thyroid-pituitary
relations, and to define the nature of their effects on hormone synthests
It has been shown that one or other of the steps 1n the latter 1s Irable to be
upset, whereas the possible action of goitrogens on the perspheral utilization
of the hormones remains hypothetical

Nature and mechanism of the action of antithyroid substances

Two types of antithyroid substances, both goitrogens, may be distin-
gutshed m terms of thetr action on 10dine metabolism 1n the thyroid
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actton  The problem that arises 1s whether iodine deficiency is the Pprimary
factor 1 endemic goitre and to what extent the action of jodides does not
merely reflect the maintenance of the thyroid in its normal state or the
restitution of a thyroid function possibly impaired by other endemic factors.
Before turning to this problem 1t 1s destrable to review what is known about
the goitrogenic action of the constituents of vartous foodstuffs and the
antagonistic effect of the 10dides on this action in certain cases

Goitrogens

In phar dy and 1n th ics the term * antithyrords ™ is
apphied to a group of sub which, although differing cb iy,
all inhubit the brosynthesis of hormones by the thyroid gland, This disturb-
ance in hormone formation and secretion results in the development of a
goitre without hyperthyroidism The term “ gottrogens * js used when it is
not the action of the substances on thyroid function that 1s considered, but
merely therr anatorucal effect  Since ths 1s the direct result of the antithyroid
action, thyrord enlargement may be constdered to be a compensatory process.
This process depends upon a decrease in thyroid secretion, leading to an
increase tn the blood level of pituitary thyrotropic hormone and eventually
resulting 1n the formation of a goitre

It was long considered possible that food factors other than iodine
defictency mught play a part m the etiology of endemic goitre, but net
until the chance discovery 1 1928 of goitre in rabbits fed on cabbage * was
indisputable proof ot d of their exi Since then, various goitrogens
have been 1solated, and their mode of action determined, Before discussing
their role as factors m endemic goitre, a brief review of the stages of the
1odine metabolic cycle affected by these substances 1s desirable.

Todine 1n the food traverses the gastro-mntestinal mucous membrane
essenttally 1n the form of morganic rodides, and it 1s these which appear
in the blood. The I-ions in the plasma are taken up by the normal thyroid
gland, which concentrates them in a ratio of about 20 : 1 The mechanism
by which the thyroid does this 1s still unknown, and our lack of knowledge
abont this first step 1s all the more prejudicial to an understandmng of the
etiology of thyroid dysfunction in that certain authors 17 17 regard 10dide
concentration as the factor limiting the rate of synthests of thyrotd hormones

Probably the 10dide in the gland 1s oxdized to todmne, I,, which takes
part 1n the substitution reaction and replaces the hydrogen atoms at the
3. and 5- positions in tyrosine, giving Iise to J-monoiodo-L-tyraslr}e and
3,5-duodo-L-tyrosie, No convincing expenimental proof of }he existence
of this process has been given, but it appears Iikely that a thyroid peroxidase
is involved 1n the oudation. A number of indirect proofs show thaf ﬂ‘w
incorporation of jodine mnto organic co di .tnkes place exclus
through the tyrosine residues of thyroglobulin, giving rise to 3-monoicdo-
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Experimental study of dictary goitrogens

Following the observation by Chesney, Clawson & Webster ® that
large goitres appeared in rabbits fed almost exclusively on a cabbage diet—
an observation confirmed 1n many other Jaboratories—18. 1% ¢t 74 1t was
rapidly blished that other bles of the genus Brassica, such as
cauliflower, turnip and Brussel sprouts, have goitrogenic propertres.™
Thesc are rcvealed by the producnon of thyroid hyperplasta, usually without

d of colloid  Sut ly, Hercus & Purves 47
showed that the of seeds of les bel to the same
genus (cabbage, rape, and mustard) also produced thyroid hypertrophy
m the rat Kennedy & Purves %8 extended this research to cover the seeds
of swedes and various other kinds of turnip and cabbage, at the same time
establishing that the diet contained sufficient 10dine to cover normal require-
ments The goitrogenic activity of soya flour and oil has been questioned,
15, 39, 86, 96, 112 byt McCarrison * was able to show in very nigorously con-
trolled experiments that soya and groundnut seeds had a goitrogenic effect
on young rats The results obtained by Sharpless, Pearsons & Prato % are
also stgnificant.

The differences observed from country to country as regards the possi-
bility of inducing goitre by the p of cabbage may be explained
by vanations n the 10dine content of the diet Other factors, discussed by
Greer,* would seem to act by changing the amount of goitrogen produced
by the cabbage (inter alia, rain, amount of sunlight, nature of the soil) In
man, goitre caused by eating cabbage 1s regarded by certamn authors # as
exceptional, but others 1 constder 1t of some mportance 1n view of the
effects of a diet over-rich in swedes observed in Belgium during the
perniod of wartime food restrictions **  Greer & Astwood,®® using a
test for the inhibitton of the concentration by the thyroid of I, con-
firmed most of the data previously established, including the marked
goitrogenic properties of swedes and turnips in man, the more moderate
effect of cabbage, spwnach, carrots, radishes, and peaches, and the absence
of any effect 1n the case of many other foodstuffs As Greer % says, when
there 15 any doubt about the goitrogenic property of a foodstuff the final
decision depends on the 1solation of an active compound and the study of its
antithyroid activity in various amimal species

The mechanism 1nvolved in the formation of expesimental nutrittonal
goitres has been clearly established by Griesbach, Kennedy & Purves, 2 who,
on studymg the goitre produced by rape seed, showed that 10dide does not
prevent thyroid hyperplasia i the rat and the rabbit, but that the hyper-
plasia disappears when the pituitary 1s excised, The pituitary glands of
goitrous antmals were hyperactive,* and the TSH level became as high
as that developing after thyroidectomy 4 These results clearly illustrate
prtuitary participation in the production of these types of goitre, by bringing
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(a) the thiocyanates and perchlorates, whose goitrogenic action can
be reversed by iodides, indicating that they must inhibit thyroid concen-
tration of iodides;

(b) thiourea, tmouracil and its derivatives, numerous other thiocarba-
mide denvatives (; 1 les and ptoimid: ), aniline deriva-
tives (sulfa idite, para-ami ficylic acid, ete ) and numerous poly-
phenols (resarcinol, phloroglucinol, etc.); all these have a hyperplastic and
hypothyroidogenic action which can be reversed by rthyrovine, 3,3%,5-
trtodo-L-thyronmne or excision of the prtuitary, but not by the adminstration
of farge amounts of 10dide.

This topic has been discussed at length mn general reviews during the
last 15 years,® 8 11, 67,107 gver since the original chance observation by
Barker ** that goitre appeared 11 patients who had been recetving thiocya-
nate over a long period for the treatment of hypertension

The respective propertics of these two types of antithyroid substances
have been utitzed to study separately the concentration of rodide by the
gland and ns ncorporauon m thyroglobulm. Thiocyanates and per-
chlorates do not completely inhibit the penetration of 10dwde tnto the thyroid;
they appear merely to inhubit the active concentrating mechanism, the
nature of which 1s stll completely unknown The incorporation of jodide
i organic compounds 1s not prevented, ® the todotyrosines and thyroid
hormones are synthesized normally, but only 1n small amounts,

Antithyrord substances in the second group, on the other hand, do
affect the transformation of morganic jodide into orgamc sodude, and
many investigations, both m wvo and m viro, have clearly shown that
these drugs inhibst hormone synthests  Thetr mode of action is only partally
understood  The theory that it 1s based on their reducing power 3 has
now been abandoned, it would scem more hkely that they act as thyrod
peroxidase mhibrtors.? In this way, they would prevent the formation of
todotyrosine residues in the thyroglobulin It has recently been shown
that propylthiouracil also seems to inhubit the iodination of }monmodq—b
tyrosine to 3,5-dnodo-L-tyrosine,*. ¥ probably by an action on jodotyrosine
linkage in odothyronine, In any case, the reduction or inhibtion of
hormone bi hesis results tna d 1n the level of circulating hormone
and an increase m the secretion of pitmtary TSH, giving rise to goitre.

The process outlined above 15 perhaps over-sunplified, for ndrvrdual
factors, as yet lttle understood, must be taken into account it order to
explain the special susceptibiity of certain species or mdmdu:\!s. to the
action of the antithyroid substances However, 1t1s founded on expedimentat
evidence which has partly served as a basis for the therapeutic use of the;c
compounds, and it does provide an expl. for the pharmacod
action of the dietary goitrogens
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in which X may be O, N or S, L-5-vinyl-2-thiooxazolidone also contains this
group, having the formula

C—NHy
} C=5
CHy=CH—C - 07

The mode of action of vinyl-thiooxazolidone 1s similar to that of thto-
uracil and its derivatives

Although this compound 1s widely distiibuted among the Cruciferae
Iable to cause thyrod hypertrophy when eaten, the existence of other
dietary goutrogens must also be considered possible The fact that the
absorption of resorcinol applied to skin ulcers has caused gortre with hypo-
thyroidism 2! and that injection into the rat of numerous polyphenols (such
as phloroglucinol) mhibits thyroid function % 3 has drawn attention to
compounds of this type, some vegetables being rich 1n such substances or
1n substances that may give rise to them Finally, 1t 1s perhaps also necessary
to bear 1n mind the posstbility of antithyrotd metabolites derived from the
normal metabolism of common foodstuffs

The dietary goitrogens ard endemic goitre

The observations showing most clearly that the gostrogens in the
diet are a definite ettological factor 1n human goitre are undoubtedly those
of Clements 2 %7 and Clements & Wishart 2* These authors showed that
n certain parts of Australia and Tasmamia, children drinking mitk from cows
fed on marrowstem kale develop goitres which cannot be prevented by
the administration of 10 mg of potasstum 10dide weekly The presence
of a very active goitrogen was demonstrated in the mulk of these cows and
in the marrowstem kale they eat when thyroid hypertrophy was
induced experimentally by adding erther the milk or the kale to the diet of
calves and rats  The uptake of radioiodine by the thyrord gland decreased
greatly after consumption of mulk from cows fed on this type of kale
Finally, Wright 114 recently proved that thiocyanate 1s present in a high
concentration in this milk (about six times as much as 1n milk from grazing
animals) and showed that consumption of the milk leads to the release of
radtotodine from the thyrotd of rats p ly treated with propyltt
al

Much remains to be done before deciding what importance can be
attibuted to dietary goitrogenic factors 1n the etiology of endemic goitre
Some of these factors are alteady known, and although exceptionally
they may be held responsible for the appearance of non-toxic goitres
man,* 1t does not seem that, 1n the mmense majority of cases, endemic
goitre can be inked with any particular diet  Nevertheless, Suk 1% has put
forward epidemiological arguments in favour of a relationship between a
high consumption of cabbage and endemic goitre n certam villages 1n the
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them 1nto close relationship with those produced by the administration of
antithyroid compounds.

An mmportant disti has been fished between different types
of experimental nutntional gostre: whereas those produced by cabbage 1
and soya * segress on the administration of yodide, that produced by rape
seed 15 hardly affected, if at all, by the action of iodide, and only regresses

pletely after the admimstration of thyroxine or thyromimetic com-
pounds # The analogy with drug-nduced goitres produced, on the one
hand, by thiocyanates and perchlorates (disappearing after taking iodide)
and, on the other, by thiouracil denvatives (responding anly to thyroid hat-
mones) 1s stnking, and raises the question of the nature of dietary goitro-
gens

The existence in cabbage and in the Cruciferae in general,*. ¥ of small
amounts of thtocyanate or of precursors which can hberate 1t afier enzyme
hydrolysis # parttally accounts, firstly, for the regression of goitre
caused by cabbage on admmstration of iodides and, secondly, for the
fact that some workers % 76 found it impessible to produce a goitre by
the admuntstratron of thiocyanate, since this 1s effective only if preceded by
a partial sodine deficiency. The organic cyarudes also appear to be goitro-
genic by reason of their transformation in vive thto thiocyanate

The discovery of dietary and drug antithyroid thiourea derivatives
foltowed that of the g activity of phenylthi 92 angd of aliyl-
thiourea.* The actron of these denvatives 1s the same as that of the seeds of
the Cruciferae, 1t 1s only partially reversed by 1odtdes and inhibits thyroune
synthesss, as shown by the goitrogenic effect of the hormone and of hypo-
physectomy 2 This theory has been confiemed by the ssolation 1 1949 of a
very active goitrogen, L-5-vinyl-2-thoaxazolidene (gottrin} from the roots
and seeds of the swede and later from the seeds of numerous Crucferac,”®
very recently, the same compound has also been 1solated from fresh cabbage
leaves.® The goitrogeme activity of vegetables contatning it 1s destroyed by
cooking. Goiirin exists m the plant in the form of a precursor {progoitrin),
the glucoside of L-2-hydroxy-3-butenyhisothiocyanate; the release of glucose
by enzyme actton 7 ® 1s thought to bring about immediate isomenizalton
of this compound into gortnin. Perhaps the destruction of the actwve
glurosidase by cooking explams the decrease (n the harmful effect of goitro-
genie foodstuffs mentioned by Greer * and many other authors; on the
other hand, the possthility cannot be excluded that cooking promotes the
enzymatic breakdown of the active agent by intestinat bacteria .

In general, antithyraid activity seems to be exerctsed by organic com-
pounds containing the group

—NB

C=8,
e
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It 1s very difficult to assess the importance of nutritional imbalance of the
organic constituents of the dict, since it is not always possible to be certain
that agents having 2 pharmacodynamic goitrogenic effect of their own are
absent Whereas 1t has variously been held that excessive or inadequate
consumption of foodstufs rich 1n liptds, carbohydrates or proteins 1s respon-
sible in man, better defined diets have been used 1n experiments on animals

The goitrogenic effect sometimes attributed to excess of carbohydrates
appears to be an indirect one which does not call for further consideration,
whereas that due to an excess of fats warrants discussion In the past the
consumption of lard has been held responsible for endemic goitre n certan
parts of the Alps,*! and the feeding of an excess of oilcake to dairy cows
appeared to be connected with thyroid hypertrophy in these animals.™
Experimental evidence for the goitrogenic effect of fats appears to have
been obtaned for the first time by Mellanby & Mellanby ! 1 the dog How-
ever, as butter exerts this effect, whereas cod liver o1l does not, 1ts significance
has been disputed A number of more recent 1vestigations #- * come out
against the existence of a goitrogentc action 1n dretary Iipids It 15 probable
that the findings 1n 1its favour are related to a relative 1odme deficiency
exerastng either a direct effect (absence of 10dine 1n butter, presence in
cod liver o1l) or an direct one (decreased calctum absorption in the
presence of excess fatty acids in the digestive tract) In any case, the practical
mportance of the role of an abundant dietary fat in producing endemic
goitre would seern to be slight, since goitre occurs most commonly 1n
communities whose diet 1s poor 1 iptds.  Sumilarly, 1t 1s not impossible that
under certain conditions the consumption of protein-rich diets may lead
to thyrosd hypertrophy, but 1t 1s unhkely that this can be regarded as an
etiological factor in endemrc goitre, and the results that have been obtamed
to thes effect 1n experiments on poultry,1? rats *1° and mice 32 are difficult to
mterpret Furthermore, protein deficiency 1n chldren 1s not a factor m
thyroid hypertrophy,’®* smce thus 1s not usual in kwashiorkor. A more or
Iess acute state of malnutntion s frequently seen . communities where
endemic goitre 1s present, but no cause and effect relationship has beer
established for excess or deficiency of a defintte energy-giving foodstuff or
for a vitamn deficiency  The antagonism of vitamin A and thyroune seems
to be of importance only exper , and the i of defi
m vitamtus By, C and D, sometimes invoked as a factor in thyroid hyper-
trophy, 15 doubtful Malnutntion and nutnitional imbalances as such seem
to exercise only an indurect effect on endemic goitre, and the findings are
contradictory

The only certamn relationship that has emerged regarding the favour-
able or unfavourable action of nutnition on endenuc gottre 1s the effectiveness
of 1odides as antagontsts to certain dretetic gottrogenic factors 2% 53, 53, 92, 111
Thus, 10dine prophylaxis retams 1its value, even if disturbance of thyrord
function has some nutnitional erigin other than 1odine defictency
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Carpatluans, The appearance of goitre of dietary origin independent of
the amount of morgame sodide added to the diet 2 has been observed
only exceptionally Although 1t 1s possible that sporadic goitre may be due
to occasional absorption of goitrogenic foods, it is too rare to be of any
general etiological interest. Furthermore, a choice between goitrogens and
todme deficiency as etiological factors 1n endemic goitre is made difficult
beeavse of msufficiently extensive epidenmological data, in particular data
established on a2 modern scientific basts. The effects of iodinc prophylaxis
could indeed be positive even 1f dietary goitrogens were an etiological factor,
stnce the adnumistration of certain gortrogens i an amount snsufficient to
block the thyroid can be pletely lized by simul gest
of a suitable amount of 10dide. 1%

Indirect Nutritional Factors

T¢ would seem that the lack of 10dine in certain foods and the presence
1n others of goitrogens such as L-5-vinyl-2-thicoxazolidone (up to 8 6 g/kg
m swedes) may be regarded as rmportant etiological factors in endemic
gaitre  Where there has been no certainty that such factors are mvolved,
the ntervention of other dietary factors has also been postulated. The
part that other factors may play remains poorly defined for three main
reasons: firstly, the det of the mhabitants of an endemuc region vartes from
person to person; secondly, nutritional imbalance does not appear {o pro-
duce thyroid hypertrophy directly but rather to upset 10dine metabolism;
thirdly, thyrord hormonpe requirements may differ with the nature and
amount of the food consumed, so that 1odime requirements may also vary
with the diet  The complexity of the problems involved in a study of nutn-
tional factors 1n endemuc goitre other than rodme deficiency and specific
goutrogemc agents has been revealed by numerous investigations It has
Jed to further studies on faboratory anmals with the aim of showing expers-
mentally, under more closely defined conditions, the part played by vanous
nuinhonal smbalances,

The refationship of drinking-water rich in lime to the frequency of gottee
has often been pointed out ¥ since McClelland®s * jmmal work on endenvc
goitre in Bengal and varous Indtan provinces. The dnnking o( hard water
and living in regions where the soil 15 rich in caleium were still regarded
recently as important etiological factors in India,’®* whereas this was not
thought to be so 1n Ceylen.™® To settle this question, jt was necessary
to tackle the problem experimentally. Jt was found that only the admunstra-
tion of large amounts of calcium had significant results. A diet relatively
poor 1n 1odine s goirogenic for the rat 1f 1t contains an excess of calanm
(3 g 1/80 mg Ca/100 ) *- ** Calcium is thought to decrease the metabohe
effects of thyroxine * and would thus appear to exercise an indirect action
an iodine deficiency by creasing jodide requirements.’®
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cannot be taken as certain that it 1s the pnmary cause of goitre, despute the
obvious preventive effect of todized salt, Dietary, or possibly bacterial,
goitrogens exercise a more direct action on the thyrord, inhibiting rodine
metabolism 1n the gland Other dietary factors may complicate the picture,
but the role of these factors appears to be a subordinate one  In addition,
genetic factors may intervene, particularly i regions where endemuc goitre has
persisted for generations ¥ These genetic factors may cause, infer aha, 2
decrease 1n thyroid functional capacity or faulty renal tubular reabsorption
of rodide ® In this connexion, recent d 1n thyroid pathol
are very promusing, specifically 1n the field of disturbances in the steps 1n
the utilization of 1odine for the biosynthesis of thyroxine and its homeo-
logues.10?

The etiological factors 1n the production of sporadic goitre are generally
regarded as relatively more definute than those of the endemic form  We
may agree with Trotter % that 1odine deficiency 1s the most important of
them, whether 1t 1s due to mmadequate rodide intake or utilization or to
todide leakage, while mgestion of goitrogens and genetic factors are occa-
sional causes The endemic spread of goitre 1 no way dimtnishes the
possible role of these various factors, although none of them taken separately
affords an explanation of the way 1t spreads in communities

Finally, just as there are cases of rickets resistant to all preventive
treatment, 11 whose production as yet undetermimed endogenous factors
play a part, so susceptibthty to the causative agents of endemic goitre 1s
governed by mdividual factors which rematn unknown

The problems of the etiology of endemic goitre are far from having
been solved, but, as Greer said tn 1950,% very few cases of thyrotd hyper-
trophy not due to 1odine deficiency have so far been explatned The occa-
sional appearance of endemic goitre during the last thirty years 1s fairly
indicative of the direct or indrect role of iodine defictency The fact that
goitre was unknown until recently 1n regions where 1t has since made
1ts appearance has been regarded as evidence against rodme deficiency
playing a part m s development ¥ Two particularly suggestive observ-
attons are at vanance with this viewpotnt  Bastenie et al ¢ have reported
that 1n the Belgran Congo a very extensive endemuc has developed within
the last twenty years or so among the Ueles, ever since the time when these
former nomads settled 1n an area where the water 1s very poor n rodme.
Clements & Wishart,?® and Clements,” whose findings we referred to
above, have shown that in some parts of Tasmania the appearance or re-
crudescence of endemic goitre among children receiving small amounts of

10dized salt ded with the school distribution of milk con-
taining a goitrogen mgested by cows fed on marrowstem kale In the
first case 1t would seem that 1odine deficiency exerts a direct effect, 1n the
second only an indirect one  Known or unknown dretary gottrogens may,

 See footnote on p 354
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Non-nutritional Factors

The fact that it 15 in most cases mmpossible to link endemic goitre with
any patticular factor in the diet has Jed, on the one hand, to discussion
af the part played by jodme deficiency and, on the ofher, to considera-
ton of the posstble infectious osnigin of gouse. Important arguments in
favour of the latter theory have been put forward by Greenwald,?
Me-Carrison &% * ® and various other authors, Nevertheless, however legi-
timate the reservations about the theory that lack of iodine in the diet is
the cause of endemuc goitre, nothing has so far led to the definie identifica-
ton of non-nutrittonal factors concerned 1n the ehictogy.

Since the poneer work of Greenwald,” advances in the physiology
and brocherustry of the thyroid have shown that a relatively hugh iodine
content of the gland is not n 1y ible with the of
goutre. It can no longer be assumed that the hormone level must be closely
tinked with the total todine concentration. The absence of a corrclation
between the rodine content of water and soil on the one hand and the inten-
sity of endemic pgortre on the other has been observed, ¢.g., in England,®
India,* Finland * and Norway.” Similarly, among neighbourmg areas of
one and the same country (New Zealand) there may be a larger number of
persons with gotre in areas where the soit 15 nchest n jodine® Thus the
question was bound to anse whether iodine deficrency 1s merely a factor
endemic goitre but not its prumary cavse. The etiological role of infection or
LOXIC P fe states was suggested in an attempt to solve ths problem

The work of McCarrison ef al. ® % on endemtc gottre in the Himalayan
areas of Intha drew attentiont to the ymportance of water poliution. The
appearance of thyroid hypertrophy after experimental pollution of denkiag-
water was noted by these authors durmg these classic experiments 19

dadi the i of unpoliuted water for drinking-water poliuted
with human and antmal excrement 15 sard to bave been followed by the
disappearance of endemic gatse from an Indian community®® Hettche
conwiders that the acuve agent 1s a dertvative of the urochrome type, present
in the water of endemic regtons, and that its action, from the pathogemc
viewpomnt equvalent to that of a bacteral gortrogen, can be prevented
by the simultaneous ingestion of 1odide. Other authors believe thata ﬂlyl’?ld
infection lies at the ongin of the goitre 3 3 The results of their mvestig:
ations do not carry convietion; nevertheless, the production of a goitro-
genic agent in sity 15 a possibility which cannot be excluded,

General Conclusions

The ehology of endemic goitre involves many factors,.whose.naturc
and mode of action have not been completely defined. It is certain that
iodine deficiency in the diet plays an important part in most cases, but it
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because of their action on the brosynthesis of thyroid hormones, cause
an increase 1n iodine req and so play an important etiological
role n endemic goitre. In the present state of knowledge the primary
wmportance of iodine deficiency cannot be denied, whatever its mode of
action—inadequate supply of jodide to the gland or faulty utilization
of jodide. To accept this 15 not to extend experimental results to
chintcal research ndiscriminately, but merely to co-ordinate one with
the other,

Endemic goitre necessarily 1nvolves alteration in thyroid iodme meta-
bolism and a group of processes tending to compensate for this. Although
vanous factors, including the consumption of goitrogenic products, may
drectly impair thyrod function, the ongwn of endemic goitre remains
indefimte. It may be asked whether different causes do not produce the
same effects through the essential intermediary of a faulty supply of jodine
to the thyroid for hormone synthesis; this could then be accepted as the
immediate cause of the development of goitre, as put forward by Marine,”
without prejudice to the question of the primary cause, which lies at the
origin of the disease.
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TECHNIQUE OF ENDEMIC
GOITRE SURVEYS

Cartos PEREZ, MD,* Nevin S SCRIMSHAW, PHD., MD,
M.P.H.** & J. AnTonio MUNOZ, MD, MPH ***

Ths chapter has been planned for the specific gurdance of the physician
who wishes to carry out surveys to determine the prevalence of endemic
goitre 1 a populk Tt is not d d for the ¢} studying gortre
under hospital conditions where special methods may be required The
suggestions made have proved practical and useful under a wide variety
of conditions, and the procedures will result 1n data which can be used
with confidence to guide public health programmes

In a surv:y vartous types of goitre may be encoumered Gortres are

) to both p 1 1 and morphol T 1stic:
Their division 1nto “ toxic ™ and non-toxic ” 1s entirely functional “ Toxic
goitres ™ are characterized by an increased output of thyroid hormones
mto the blood-stream and are important to the clinician because of their
dramatic and the that they may have upon
the hife of an individual In field surveys * toxic goitres ™ are hardly ever
seen, though some of the signs such as exophthalmus and fine tremor could
thearetically lead to the discovery of an occasional case 1n the field

The “non-toxic™ or endemuc goitres usvally present no dramatic
symptoms and are frequently 1gnored by the goitrous person, except when
they are disfiguring or produce mechanical interference with resprration.
They represent a hypertrophy of the thyrord due to insufficient 1odine, and
indicate the prevalence of an absolute or relative deficiency of 1odme 1n a
population These non-toxic or endemic goitres may appear at different
ages according to the seventy of the deficiency A muld degree of deficiency
may not become evident unti) there 15 an increase in the physiological
requirersent for 1odme  Duning adolescence, particularly 1 guels, a sigm-

-~ 369 —



368

74,

75
T

&

n
78
79.
80

81
82

97
9!

a2

99,
100
10]

102,

103

105
106

107,

108
109
ue
ui
12

13

14

1. ROCHE & 5. LISSITZKY

Martne, D, Baumann, E.J & Cipra, A (1929) Proc. Soc. exp Biol (N Y.),26,822

Manine, D, Baumann, E. J, Spence, A W & Cipra, A. (1931) Proc, Soc exp,
Biol (NY),29,7172

Marne, D, Baumann, E, J, Webster, B. & Cipra, A (1930) Froc. Soc. exp. Biol
(N Y), 27,1025

Marne, D & Kimball, O, P (1921) J Amer med Ass, 77, 1068

Manne, D & Lenhact, C H (1909} Arck ntern AMed, 4, 253

Manine, D & Lenhart, C H (1910) J. exp Med, 12, 31)

Matovinovié, J & Ramalingaswami, V (1958) Bull Wid Hith Org., 18, 233 (revised
and expanded as the chapter Therapy and prophylaxis of endemic goitre on
page 385 of this monograph)

Mellanby, E & Mellanby, M (1921) J Physiol (Lond ), §5, v

Murray, M M, Ryle,J A,Simpson, B W & Witson, D C. (1948) Thyroid enlarge-
ment and other changes related 19 the muneral content of drinking water, Medical
Research Councit Memoir No 18, London

Nicod, J L (1953) Bull, W Hitk Org , 9, 259

Orr,J B & Lettch, [ (1929) Spec Rep Ser.med Res Coun (Lond), No, 123

Putt-Rivers, R (1950) Physiol Rev, 30, 194

Pitt-Rwvers, R, Galten, V A, & Halmi, N F. (1958) Endocrinology, 63, 699

Purves, H D, (1943) Brit J exp Parh, 24,171

Rawson, R, Hertz, § & Means, J H (1943) Ann intern Med , 19, 829

Remmgton, R E (1938) J Nutr, 16,417

. Remmgion, R E & Harnis, P L (1943) J MNutr, 25, 203

Ruchards, J B & Ingbar, 5 H (1959) Endocrinology, 65, 198

Richter, C P & Klisby, K H. (1941) Proc Sor. exp. Biol (N ), 48, 684

Roche, M, De Venanzi, P, Vera, J, Coll, E, Spmetti-Berti, M, Mendez-Martine,
J, Gerardr, A & Forero, § (1957) J chint. Endoer , 17,99

Saint-Lager, J (1867) Etudes sur les causes du crétimisme et die peitre endenuque,
Paus, Bailliére

Scrimshaw, W 8§, Cabezas, A, Castillo, F & Mendez, J (1953) Zancer, 2, 166

Sharpless, G R, Pearsons, J & Prato, G S (1930)J Nurr, 17, 545

Shingerland, D W, Graham, D E,, Josephs, R K, Mulvey, P F yr, Trakas, A P
& Yamazaky, E (1959) Erdocrmology, 65, 178

Stanbury,J B, Brownwell, G L, Riggs, D S, Permnetti, H , ltoiz, J, & Casulio, E.B
del (1954) Emlelmr goiter The adaptation of man ta wdine deficrency, Cambridge,
Mass . Harvard University Press

Sl:mbury. J B, Ohela, K & Putt-Ruvers, R. (1955), J el Endoer , 15, 54

Stanbury, ] B & Quenido, A (1956} J </im Endatr. 16, 1522

Suk, V. (1931) Anthropologie (Praha), 9, No 1,

Stott, H & Gupta, § P (1934} Indian J med Re.v 18,103

Taylor, § (1954) J ciin Endocr, 14, 1412

Tejada, C (1958) Fed Proc, 17, Supp! No 66

‘Thompson, J (1933) Arch Path (Chicage), 16, 211

Trotter, W R (1959 In Pitt-Rivers, R & Tata, J, The ihyroud horriones,
London, Pergamon press, p 159,

vVanderLaan, W P & Stornie, W, M (1955} Pharmacol Res, 7, 301

Von Fellenberg, T (1933) Attt Lebensmutt Hyg , 24, 123

Watson, D C (1905) Lancer, 1, 74

Watson, D, C (1903) S Physiol (Lond), 32, 16

Webster, B & Chesney, A' M. (1928) Bull Johns Hopk Hosp , 43, 29

Wilgus, H S, Gassner, F X, Patton, A R & Gustasson, R. G (l94|)l Nutr,
22, 43

wilson, D C. (1954) Brit J Nutr, 8,90

Wright, E. (1958) Nature (Lond), 181, 1602



TECHNIQUE OF SURVEYS 371

On the other hand, in persons with very thin necks the lobes of the
gland can be readily seen and may give the impression of a visible goitre,
even though the thyroid is actually not more than 4 to 5 times 1ts normal
size. A similar false impression may sometimes be given by the configura-
tion of the larynx and trachea 1n a person with a thin neck. Furthermore,
glands with nodules are frequently di d by palpation which would be
unnoticed if the neck were only mspected,

The crterion for the diagnoss of gotre should be the determination of
the degree of enlargement or the presence of nodules in the gland and not
simply 1ts visibility. The use of the palpation method, therefore, is recom-
mended as the most accurate and rehable way of diagnosing the severity
of endemic goitre. Fortunately, palpation does not add appreciably to the
time required for each examination. On the contrary, palpation frequently
permuts the prompt resolution of doubts as to the size of the thyroid—doubts
which would require more time to resolve by inspection alone.

It has been suggested that the prevalence of visible goitre bears a farrly
constant relationship to the preval of goitre d d by the palpatil
technique, so that 1f the former 1s known the latter can easily be inferred.
However, studies made by INCAP (unpublished data) in the five countries
of Central America and 1in Panama have shown clearly that such a relation-
ship 1s not always constant, but varies from one regron to another. In
areas where the prevalence of visible goitre 1s high, the additional goitres
detected by palpation will not greatly change the mterpretation of the
over-all prevalence reported. Where the prevalence of goitre 15 low, how-
ever, the detection of glands more than 4 to 5 trmes enlarged, but still not
readily visible, may affect the conclusions drawn by public health authorities
as to the magnitude of the problem. The fatness or thinness characteristic
of the population and the genera!l shape of the neck will greatly mfivence
the correlation between visible and palpable gottre

Significance of Non-visible Goitre

In the majority of countries 1n the world there are areas commonly
recognized as gotrous owing to the lugh prevalence of visible goitre, too
large to escape the notice of even the casual visitor In such cases it is
frequently assumed that the rest of the country is relatively free from endemic
goitre  However, careful surveys, especially those employing the palpation
method, usually show such a behef to be erroneous by revealing a high
gotre rate i many zones where the disease was previously unsuspected.
For example, this has proved to be true in each of the Latin American
countries where nation-wide surveys have been carried out 5

From a public health poit of view, the prevalence of gortre which 1s
readily palpable but not readily wisible with the head n normal position
may be of great importance The following reasons remforce the recom-
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ficant increase in the number of hyperplastic glands appears in endemic
regions. This so-called * adolescent ™ goitre is not a normal physiological
phenomenon but a reflection ot an jodine deficiency which has become
manifest owing to an increased demand of the body for jodine. Goitres
frequently appear during pregnancy and lactation for the same reason,

‘When the lack of 1odine 1s more severe, endemic goitre may appear very
early in hfe. The pathology of goitres tn nfants and young children does
not differ from those 1n older children and adults. All start with hyper-
trophy and hyperplasia of the acinar cells within the follicles. As the
deficiency of 1odine persists, some of the cells atrophy and the fotlicles fitt
with colloid substance. It 1s the first stage in the development of a colloid
goitre, which may later develop fibrosts and become irreversible. This
type of goitre 1s functionally non-toxic and anatomically without nodules
and 1s referred to as simple or diffuse goitre.

In areas where 10odine deficiency has long been present, goitres with
adenomatous nodules of varying size may appear. When this occurs, the
name adenomatous or nodular gottre 1s employed. Functionally, such goitres
usually remarn non-toxic.

The determnation of the prevalence of endemic gortre in a population
gives a good appraisal of the severity of jodine deficiency without the
necessity of considering the functional status of the thyroid. A prevalence
of endemic goitre greater than 10% 1s almost universally considered to
constitute a public health problem. Many authorities feel that a goitre
rate above 5% should be considered of public health significance. The
goal of the endemic goitre survey sponsored by public health authonties is
the determnatton of the existence and degree of the goitre problem in the
populatton under ther care

Methods employed in Goitre Surveys

The methods of carrying out goitre surveys have shown considerable
vanation 1 different parts of the world. Many authors advocate the
palpation of the thyroid of every person included in the survey. Some use
palpation only when visible glands are present in order to determine the
anatormcal charactenstics of the gontre  Shll others advocate only inspection
of the neck, and a few have gathered therr information by questionnaires
alone.

It 15 recommended that a gland be classified as positive for goitre only
when it is 4 to 5 times larger than the normal size Adenomatous nodules
in the parenchyma should be noted regardless of the size of the thyroid
When the neck is short or the muscles are well developed, inspection alone
may fail to reveal a gland that 1s already 4 to 5 times enlarged. This may
occur also when there 15 a thick layer of adipose tissue or when the goitre

1s retrosternal.
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On the other hand, n persons with very thin necks the lobes of the
gland can be readily seen and may give the impression of a visible goitre,
even though the thyroid is actually not more than 4 to 5 times its normal
size, A similar false impression may sometimes be given by the configura-
tion of the larynx and trachea in a person with a thin neck. Furthermore,
glands with nodules are frequently discovered by palpation which would be
unnoticed if the neck were only inspected.

The criterion for the diagnosis of goitre should be the determination of
the degree of enlargement or the presence of nodules mn the gland and not
simply its visibility. The use of the palpation method, thercfore, 1s recom-
mended as the most accurate and reliable way of diagnosing the severity
of endemic goitre. Fortunately, palpation does not add apprecrably to the
time required for each examination. On the contrary, palpation frequently
permits the prompt resolution of doubts as to the size of the thyroid—doubts
which would require more time to resolve by mspectton alone

It has been supgested that the prevalence of visible gortre bears a fairly
constant relationship to the prevalence of goitre diagnosed by the palpation
technique, so that i1f the former 1s known the latter can easily be mnferred
However, studies made by INCAP (unpublished data) 1n the five countries
of Central America and in Panama have shown clearly that such a relation-
ship 1s not always constant, but varies from one region to another. In
areas where the prevalence of visible goitre is high, the additional goitres
detected by palpation will not greatly change the interpretation of the
over-all prevalence reported. Where the prevalence of goitre is low, how-
ever, the detection of glands more than 4 to 5 times enlarged, but still not
readily visible, may affect the conclustons drawn by public health authorities
as to the magmtude of the problem. The fatness or thinness characteristic
of the population and the general shape of the neck will greatly influence
the correlation between visible and palpable goitre.

Significance of Non-visible Goitre

In the majonty of countries in the world there are areas commonly
recogmized as goitrous owing to the hugh prevalence of visible goitre, too
large to escape the notice of even the casual visitor. In such cases 1t 15
frequently assumed that the rest of the country 1s relatively free from endemic
goitre  However, careful surveys, esp those empl, g the pal,
method, usually show such a beltef to be erroneous by revealing a high
gottre fate 1n many zones where the disease was previously unsuspected.
For example, this has proved to be true in each of the Latin American
countries where nation-wide surveys have been carried out.s

From a public health point of view, the prevalence of goitre which is
readily palpable but not readily vistble with the head in normal posttion
may be of great importance. The following reasons reinforce the recom-
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d that both palpation and inspection should be used in carrying
out goitre surveys:

1. It 1s most convenient to carry out mass surveys in schoolchildren
However, large visible goutres ate usually much less prevalent in chidren
than in the adult popul ithough the total preval of enlarged
thyroid is more clearly comparable. Palpable gortres in children, therefore,
must be recorded in order to obtan an accurate indication of the total
goitre prevalence m the whole population.

2. If the attempt 1s made to measure the effectiveness of todization
programmes by the changes wn the size and frequency of visible goitres, two
problems are encountered. Many of the gortres are fibrotic and wilt change
very little n size even under optimum treatment, and 1t is atmost impossible
to evaluate subjectively by inspection the changes in size of a relatively large
thyrord  On the contrary, i the criterion for evaluating the response to
iodine admimistration can be the disappearance of the gostre, the task
becomes feasible. Most of the diffuse goitres in chifdren which are palpable
but not visible wath the head 1 normal posttion will no longer be present
after relatively hmited penods of ad iodine ad jon.®

3. It shoutd be noted that m a population m which goitre 1s moderately
prevalent, but in which most of the glands are not of a large size, the falure
to mnclude palpable gostre could lead to the false conclusion that goitre
was not sufficiently prevalent to be of public health consequence. This is,
of course, particularly true n cross-sectional samples with large numbers
of children, but it may also apply to adult populations

4 Ad goitres in chuldren are usually detectable oaly by
palpatton. It has been d that ad goitres during chidhood
are strong presumptive enidence of an 1odwne deficiency in the mother
that was particularly mamfest during the stress of pregnancy (O P. Kumball
--personal communication, 1951),

Assessment of Size of Gland

The normal size of the thyrod varies with the age and butd of the
individual, In the adult, the lobes are stated to have the size of a lima bean
with the ssthmus appeanng as a thun connecting strand. The gland has 2
rather firm consisiency, is slightly compressible, and prescnts a smooth
surface. On palpation the lateral lobes can be felt beneath the muscles on
both sides of the trachea. The isthmus 1s either not palpable or can just
barely be detected.

As stated previously 1t has been found practical for survey purposes 10
tist as posthive for endennc goitee a gland estirqnted to be more than 4 1o 5
times the normal volume. To avoid exaggerating the prevalence recorded,
doubtful cases of enlarged glands should be classified as normal. These pro-
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cedures will gtve a very conservative estimate of the preval of
goitre, but one 1n which few normal cases will be erroneously included.

1t should be noted that, 1n any field examination, ro matter what critenia
are adopted a certamn percentage of the cases will be border-line. Tt has
been found 1n practice that if the experience and traming of two different
observers are simalar, they will make different decisions as to the classifica-
tron of many of the individual border-line cases and yet arrive at approxt-
mately the same average gottie rate In other words, the vanations in
assigning border-line cases to either the normal or the positive category
tend to be random for most observers

Any attempt to define the normal thyroid gland in terms of an arbrtrary
standard tends to break down in actual practice. However, persons carrying
out field surveys soon become famular with the size of the thyroid m
individuals of varying ages and body build through exanunations of popu-
lations with little or no goitre For North American adults the size of a
large hma bean has been suggested as a standard for comparison. This
obviously does not apply to young children and, furthermore, lima beans
are different or unknown tn maany parts of the world The FAO/WHO
Third Conference on Nutution Problems mn Latin Amenica, held
Caracas, Venezuela, 1n 1953, met this problem by suggesting that the
dimenstons of the thumb nail of the person being examuned be used as an
approximate reference 2 In this case the thumb nail must be wisualized as
outhining the size of a kidney-shaped bean Usually a thyroid gland whose
lateral lobes have a volume greater than the termenal phalanges of the
thumbs of the person being examined will be considered goitrous For
many persons, the size of the lateral lobes may be more easily visualized
1n comparsson with the termmal phalanx of the thumb than as an arbitrary
multiple of a normal standard

These comparnsons have all proved of practical value m teaimng new
survey workers It should be emphasized, however, that only as the exammer
becomes accustomed to estimating thyroid volume by palpation do reference
standards become really meamngful By this ttme these * standards ”
have become merely useful adjuncts and are no longer employed uncrittcally

Technique of Examination

The varies shghtly to the age of the subject Children
and adults are examined while standing with the head and neck 1n a vertical
position.  According to the height of the individual the examuger sits or
stands directly in front of the subject. He examunes the thyroid area and
without defay uses both thumbs simultaneously to examune very gently the
full extent of the lobes and the isthmus (see Fig. 1) It 1s advisable to ask
the patient to relax the neck muscles by throwing the head shghtly down-
wards, and 1t may be helpful to get lum to swallow several times
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For the clinical appraisal of patients most physicians advise examination
from behind with the forefingers as the most accurate and reliable method
for the palpation of the thyroid gland. However, for general survey work
it is more convenient to adopt a position in which inspection and palpation
can be carried out almost simultaneously without requiring the patient to
turn around. Such a procedure is much better adapted to the rapid exanuna-
tion of lines of people. The examination from behind with the forefingers
can still be resorted to 1n those relatively few cases where extra sensitivity
on palpation is required.

For infants, Eggenberger’s techmque is recommended.! The chld
lies on his back, and the left hand of the examiner 15 placed on his shoulder-
blades, hfting him slightly so that his head remains in touch with the surface
of the table on which he 1s lying. The body of the child can be securely
held by placing the thumb of the left hand in his right armpit. The region
of the thyroid is then palpated with the forefinger. The gland should not
be palpable and the isthmus should be palpable only as a thun strand,
not more than 1 to 2 mm thick.

Classification of Goitres *

Many different criteria have been employed for the classification of the
various degrees and kinds of goitre. The need for unifying the criteria
used 1n endemic goitre surveys is evident, especially when several surveys
done at different times by different examiners may be used to draw conclu-
sions about the effectiveness of prophylactic measures. Most classifications
distinguish between visible and palpable goitres, and the presence or absence
of nodules is recorded  Visible goitres, as a general rule, indrcate a moderate
to severe defictency of iodine of relatively long duration. Visible goitres

@ Thus question 15 discussed In greater detail in the chapter Pathological anatomy of endemic goitre
by De Smet (p 315)

FIG. 1. TECHNIQUE USED IN EXAMINATION OF THYROIDS
Sitting or standing facing the patient, the examuner places his thumbs gensly on either
side of the thyroid area and determnes the size of the gland by palpaton

FIG. 2. GROUP 1 THYROID GLAND
This gland was readily palpable with the head in normal position but was not vistble.
1t is readily visible with the head fully extended
¥IG, 3, GROUP 2 THYROID GLAND
Tius gland 15 readily visible with the head in normal posttion.
FIG. 4. GROUP 3 THYROID GLAND
Tlus gland 15 so greatly enlarged as to be readily visible as a prominent goutre af @
considerable distance.
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thus have a tendency to be common among older people, and their presence
in children suggests a particularly severe deficiency of jodine Similarly,
nodules are likely to be present to a sigmificant degree only in areas where
a marked deficiency of todine has been long standing

The followsng classtfication represents a synthesis of the various sugges-
trons put forth by international groups Every effort has been made to
present a classification in terms which are as practical and umversally
acceptable as possible It has proved to be workable n extenstve field
studies in a number of countries.

Group 0 persons without gottre By defimtion these are taken to be
persons whose thyroid glands are less than 4 to 5 times enlarged.

Group 1 persons with palpable gaires The thyroid 1s considered to
be more than 4 to § times enlarged although not vistble with the head mn
normal positron  Most of these will be readily vistble with the head thrown
back and the neck fully extended (see Fig 2).

Group 2 persons with visible gottres. Persons with goitres which are
eastly visible with the head 1n normal position but which are smaller than
those 1 Group 3 (see Fig 3). Palpation may be helpful in deternumng the
mass of the gland, but 1s not needed for diagnosis.

Group 3 persons with very large goitres The goitres of persons n this
category can be gmzed at 2 derable d) (see Fig. & They
are grossly disfiguring and may be of such size as to cause mechamcal
difficulties with respiration and tn the weartng of clothes

Organization of Survey

It has been found by experience that surveys for endemic goitre can
be carried out most rapidly if blank forms are prepared to contamn the
necessary data on each indwidual examined. The name, age, sex, localty
and years of residence 1n that locality are generally included, with a spacc
for mnd previous resid when applicable. The date should always
be indscated. and 1t 15 frequently helpful to have a place for the inttrals of
the examiner when several persons are doing the survey.

It 1s essential to record certain pertinent mformation on each locahty
or population. Thus will include the size and type of locality, its altitude
and perhaps its water-supply. When a school 1s examined, note shoulq be

- Tatlos 4 femi Rha ar nenmte and urhan or egral, In Jocalities

. + be of interest to

o fue to differences

in the gesp: to envir 1 In ths case, an indication of
the race must be recorded on each ndividual form. In general, studies have
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not indicated genetic factors to be important 1n influencing the prevalence
of endemic gotre.

The numbers 0, 1, 2 and 3 should appear widely spaced, together with
the letter * A The number corresponding to the size of the thyroid gland
d can then be iently circled The “ A ™ can also be circled
nodules or ads are d An example of such a
form appears in Annex 1 (sce page 382).

These forms need not be large or use good quality papér and are just
as useful 1If mimeographed or reproduced by some other process as if printed
‘When examinations are being carried out m schoals, 1t 1s more convenient
to leave sufficient forms with the teachers at the school, to be filled 1n as far
as possible on the day prior to the examnation Usually a few words of
mstruction to the teachers collectively or individually will be sufficient
Even when 1t 1s not possible to leave the forms with the teacher i advance,
they can be distributed to each teacher prior to the examiation and com-
pleted 1n a relatively short tme. The teacher of older children can usually
explain what 1s required 1n each space, so that the chuldren can fill up therr
own forms The older children may then be asked to help the teachers of
the lower grades to complete the necessary mformation on the forms.

In examenations 1n schools the children should be lined up by grades m
front of the examiner with the data forms m their hands In the absence
of another assistant, a teaches should be asked to act as recorder As
each child steps forward, he should hand hts paper to the recorder. The
examng physician has only to call out the number indicating the size of the
gland and indicate those cases in which the “A™ 1s also be to circled  In thus
manner an experienced person under 1deal conditions can eastly examine
150 to 200 children per hour This techmque can be adapted to other
nstitutional groups, such as orphanages. factorses, nurseries, large farms,
mugratory labourers and refugee camps In general, the preparations will
require as much time as the actval examinations

In many situations, especially when there 1s no expectation of returning
to examine the same persons, the recording of the name takes unnecessary
additional time In general, when the form has to be filled 1n at the tume
of exammation, the data recorded can be limuted to age, sex and localty
Previous residence needs to be recorded only when there are a sigificant
number of persons who have recently come to the area where the examina-
tion 1s bemg carried out.

In certamn institutional situations 1t has been found to be more convement
to have the necessary data for many people listed 1n tabular form 1n advance
on a single sheet and have them called for examination 1n the order in which
their names appear. For certain types of population studies, it 15 also pos-
sible, with the co-operatton of the local authorities, to assemble a suffi-
ciently large and group by publ 1n advance that free
examinations will be held in some conventent public place.
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Selection of Sample®

The sample to be cxamined in endemtc gorire surveys should represent,
as far as possible, the different population groups and g phical localiti
of the country. For practical purposes, 1t is not necessacy to attempt to
determine the prevalence of goitre in a regton or country with a high degree
of accuracy. Ordinanly, if the figures presented to the health officials are
not in error by more than 25, they can serve as an adequate basis for
actton  For example, jodization of salt 1s indicated when an endemic
goitre rate of 107/ 13 obtained, even though the true rate may be anywhere
between 7.57; and 12,59, The higher the rate, the larger the absolute error
when only 25 7 accuracy 15 attained, but also the less important this becomes
from a practical point of view. A reported rate of 20% which represents
a true rate anywhese between 1524 and 25% is just as useful for practical
purposes as one which has included the examination of so many petsons
1hat the true value 15 berween 18% and 22%,.

In planning the survey one of the major requirements is to ensure that
the arcas to be studied constitute a random sample of similar localilies
within a ph area  Geographical ch istics, agricultural
patterns, water-supplies, racial distribution, economic status and even
dietary practices, when known, should all be taken into consideration in
selecting localities

Care must be taken to treat urban areas and larger towns and cites
as different groups, even though they are within the same region, since
there have been cases reported where the captal of a department of
province had very little goitre while the prevalence in surroundiag small
towns was quite high, Within urban zreas the higher economic groups,
with their more vaned food habits, are hkely to have a refatively Jow
i with the inhabitants of poorer dustricts in the same

P p
town.

The number of persons within a region to be included in the survey
varies according to the homogeneity of the arez and the amount of goire
found. It has been ted that approxi fy 1% of the popul
of a country or of g large geographical area within a country should be
examined, In the case of densely populated arcas, this may result in the
exammation of {ar more people than ss necessary for practical purposes.
On the other hand, in thinly populated districts in which the prevalence
is relatively Jow, this size of sample may be entirely inadequate as a basis
for recommendations to health authorities. 5

The degree of accuracy obtamned from the sample from any relatively
homogeneous area or group depends on the number of goitre cases
encountered as well as on the number of persons examined. This js shown

@ The suthors are greatly indebted to De Oudh B, Tandon, Chiel of fbe Dyvision of Statisucs of INCAP,
for many of the concepts expressed m thus section.
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in the table below, where it can be seen that the examination of 96 persons
is sufficient to gtve an accuracy of 25% when the gottre rate 1s 407, and
150 persons when 1t 1s 20%, but 1216 persons must be examined to obtain
this degree of accuracy when the goitre rate 1s only 5%. Thus, the table
can be used both to help determine the size of the sample required and
to esttmate the degree of accuracy achieved for each area when the survey
is completed. It should be noted, however, that the figures in this table
apply only to data derived from a relatively homogeneous group or area.

RELATIONSHIP OF THE MAXIMUM LIKELY ERROR TO THE
NUMBER OF PERSONS EXAMINED AND THE GOITRE RATE ENCOUNTERED

Maximum likety error
2% | %]

Percentage
with goitre

30% 4%

1218

Tn actual practice 1t will generally be convement in surveys of school-
chuldren to examme all the children in attendance at each school visited.
A properly planned survey will usually result autoratically 1n the examma-
ton. of sufficient persons for the ¢rror mnvolved in the estimate of percentage
P to X ly small O lly, however, the number of
persons lable for a given may be so
small as to raisc doubts as to the valdity of the conclusions. In such
cases, reference to lhe above table wxll be helpful

‘The the fact that taking a simple

of the total pop or of the school population will not
prove to be the most efficient way of selecting a sample. In densely
populated and homogeneous areas, such as a capital city, the small fraction
of 17 may suffice, whereas 1n other circumstances 2% or 3% of the group
should be examined. The sample should nclude all numencally 1mportant
segments of the population 1n the age-groups studied from both a geo-
graphical and an occupational pont of view, but need include no more
of each relatively homogeneous populatron unit than 1s required to reach
a reasonably reliable conclusion.

If the survey 1s conducted to determine the need for a national iodization
pre , it should be y to spend time and money examming
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Selection of Sample®

The sample to be exanuned 1n endemuc goitre surveys should represent,
as far as possible, the different popul groups and hical Jocaliti
of the country. For practical purposes, it is not necessary to attempt to
determine the prevalence of goitre in a region or country with a high degree
of accuracy. Ordnantly, if the figures presented to the health officials are
not in error by more than 259%, they can serve as an adequate basis for
actron.  For example, iodizatton of salt 5s indicated when an endemic
goitre rate of 107 is obtained, even though the true rate may be anywhere
between 7.5/ and 12.5%. The higher the rate, the larger the absolute error
when only 25 % accuracy is attained, but also the less important this becomes
from a practical point of view. A reported rate of 20% which represents
a true rate anywhere between 159 and 25% is just as uscful for practical
purposes as one which has included the examnation of so many persons
that the true value ts between 18 and 22%.

In planning the sucvey one of the major requirements is to ensure that
the areas to be studied constitute a raudom sample of similar localities
within a graphical area. G hical ch istics, agricultural
patterns, wat ppl racial dstributi ic status and even
dietaty practices, when known, should all be taken irto consideration in
selecting localiuies.

Care must be taken to treat urban areas and larger towns and cities
as different groups, even though they are within the same region, sice
there have been cases reported where the capital of a department or
province had very little goitre while the prevalence in surrounding small
towns was quite high Within urban areas the higher economic groups,
with therr more varied food habits, are likely to have a relatively low
prevalence compared with the inhabitants of poorer districts in the same
town,

The number of persons within a region to be included in the survey
varies according to the homogenerty of the area and the amount of goitre
found. It has been d that approxi 1y 1% of the populat
of a country or of a large geographical area within a country should be
examined. In the case of densely populated areas, this may result in the
examination of far more people than is necessary for practical purposes
On the other hand, in thinly populated districts in which the prevalence
is relatively low, this size of sample may be entiely inadequate 2s & basis
for recommendations to health authonties. X

The degree of accuracy obtawned from the sample from anyvrel.zuvely
homogeneous area of group depends on the number of goitre cases
encountered as well as on the number of persons examined. This is shown

@ The apthors are grealy taddebted to Dr Oudh B, Tandon, Chier of the Daviston of Statistis of INCAF,
for many of the concepis expressed tn this sechitn
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than they can be d 1n the same way. Each goitre
rate for an area should be based on the examunation of a suffictent number
of persons to have an accuracy of at least 25% according to the entena
of the table on page 379.

Where famuly surveys have been carried out or where adequate informa-
tion has been obtamed for all age-groups, 1t will be possible to obtain
an over-all figure for the prevalence of endemic goitre 1n 2 large area or
a country by means of the tabulation indicated 1n Form 3 (see Annex 4,
page 383). In the same way that weighted percentages were obtamned
m Form 2, the over-all figure for an age-group can be adjusted according
to the percentage of the total population which it represents The sum
of the weighted percentages will then give the rate for the total population
of 2 country However, this 15 not as useful as it might appear because
iodization programmes should be based on the current need for rodine
which is best indicated by the prevalence of goitre in children

Observations to supplement Endemic Goitre Surveys

Cretinism 1s presumed to be a complication of severe endemic goitre
An effort should be made to learn of the existence of persons with cretinism
in endemic areas and, if possible, venfy the dragnosis by actual examnation
of each case reportcd Deaf-mutism and mental deficency have been

d as more p 1n gortrous areas, but satisfactory
confirmation of this assertion 1s lacking I it 1s possible to determine
the frequency of these conditions in severely gorirous areas by house-
to-house visiting or from information furmished by school authorntes,
valvable evidence may be obtained by comparing these findings with
those of similar studies 1n areas relatively free from goitre

It 15 also important to note information which may help to explan
differences in prevalence between nearby commumties This will 1nclude
water-supply, alutude, prevarling agncultural or industmal activities,
economic level, proumity to the sea and, when available, prevailing dietary
hatets. Not infrequently, the difference between water supplied from a
lake and that supplied from deep wells will determine whether a commumty
has a hugh prevalence of goitre or none at all Dietary information which
suggests the high consumption of a food known to be goitrogenic, such
as cabbage, will be pertinent, as well as the occurrence of a deficiency
such as that of vitamin A which has been reported to have a similar effect 3.4
On the other hand, a high consumption of sea-food will tend to reduce the
frequency of goitre

Summary

The classification of a population sample by stze of thyroid glands
gves a good estimate of the seventy of 10dme deficiency in an area without
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sparsely populated and difficult-to-reach areas, the inclusion of which
waould not alter sigmificantly the final over-all poitre rate encountered
or the need for prophylactic measures. For most purposes an accutacy
of 25% will sulfice, cven though the requicemteat of random sampling,
together with the con of all persons available at a
given time and place, will usually result in 2 much higher degree of accuracy.

Tabulation and Presentation of Suney Data

The tabul of the data ot d m endi goitre surveys must
proceed n several stages It is usuafly convensent, first, to tabulate the
information according to the type and severty of poitre 1n each age and
sex group for the diffe local or pop studied. A typical
summary skeet for this purpose (Form 1) is shown n Anniex 2 (sce page 382).
The ages have been sclected to provide an approximate separation of pre-
school chsldren, primary-school children, adolescents and adults, Whike in
theory these ages mught vary with the age of puberty and with educationat
practices tn a conuntry, the intervals of 0 to 5,6 to 12, 13 to 18, and 19 and
over are recommended for the sake of uniformity.

Form | can also be used to group data pertaining to political umts
such as cities, counties, provinces and departments, Although males and
females are usually tabulated separately, it 1s not a matter of practicat
smportance tn persons 12 years of age and under It Is not correct to use
Form 1 to total the number of persons with different kinds of goitre unless
the age-groups are proporttonally represented  Usually it is sufficient to
estumate the severity of goure in a population from mspection of the data
alone, without making a quantitative summation  When the prevalence
of group 2 and 3 gortres 1s so high that 1t 15 desirable to present figures
showing this, they should be tabulated sef 1y for each age-group
using Form 2.

Form 2, which 15 shown 19 Annex 3 {see page 383), is destgned prmanly
for t data by age-groups for the various pohtical divistons of
a country. Since many surveys will callect data only from children, the
use of the form for the 6-12 age-group is lustrated. Moreover, the usual
survey obtains values for different areas which cannot be averaged because
they represent varywng percentages of the total population. However, when
the population of an area is known {column 1), the percentage of the
total population which jt represents can be caleulated {column 2) Each
percentage figure for the prevalence of goitre 1n an arca (column 3) can
then be multiphed by this percentage to determune the amount (cotumn 5)
which it should contnibute to the total percentage.

When these figures are added, the estimated goire rate for af{ persans
in the age-group tabulated 1s obtarmed, as shown n the lower right-hand
corner of Form 2. When data are available for age-groups other
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Annex 3

FORM 2: SAMPLE TABULATION OF DATA FROM ONE AGE-GROUP IN
SEVERAL LOCALITIES

Percentage of
Department or Population Percentage Welghted
Province 8412 years total poputeron | with aitre percentage *

Progreso 1400000 40 20 80
Unién 175000 5 2 14
Yora 710000 2 13 ‘0
Granada 525 000 15 3 52
Cartago 630000 18 30 54

Over-alt total 3500000 100 20

{total goitre rate)

* Obtained by multiplying the figures in columns 3 and & and dividing by 100

Annex 4

FORM 3: SAMPLE TABULATION OF DATA FROM ALL AGE-GROUPS IN AN
AREA OR COUNTRY

Age-group Total population | Percentage of | Percentage Weighted
(years) in age-group | total population | with gaitre percentage *

05 200 000 10 5 o0s

612 200000 0 28 28
1318 300 000 15 20 45
19 and over 1300 000 6 2 162
Over-alt total 2000000 100 240

(total goitre rate)

* Obtained by multiplying the figures in columns 3 and 4 and dviding by 100

REFERENCES

1 Eggenberger, H (1928) In Hrsch, M, Handbuch der wmeren Sekretion, Lewpzig

2 Food and Agriculture Orgamization of the United Nations (1954) Report of the Third
Conference on Nutrition Problems i Latin America, Caracas, Venezuela, 19-28
October 1953, Rome (FAO Nutnition Mectings Report Series, No 8)

Greer, M A (1950) Phystol Rev, 30, 513

Haubold, H (1951) Verh disch Ges mn Med 57, 112

Scrmshaw, N § (1954) Bol Ofic samt pamamer , 34, 217

Serimshaw, N 8 ct al (1953) Lancet, 2, 166
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the need for considering the functional status of the thyroid. Since the
critetia for the diagnosis of goitre should be the determination of the
degree of enlargement or the presence of adenomatous nodules and not
its visibility, the use of the pal; method is ded as the most
accurate and reliable way of diagnosing the severity of the endemic goitre
problem.

Annex 1
SAMPLE INDIVIDUAL FORM FOR ENDEMIC GOITRE SURVEY

Depariment  Cocle

Locality : Santa Anma Type of place: Primary school
Years i locahty: 12 Former residence:

Name Juan Pérez Sex: M Age: 12 Race: W
Thyroid*

o 1 2 3 A

Other observations: Examiner: RGB
Annex 2
FORM 1: SAMPLE TABULATION OF DATA FROM A LOCALITY
Piace: Chepo Politicat umit (Department, State,  Date: Apnl 1962
Type of po;u!ation: Prmary school  County or Province) . Cartago Classification Urban
—
Total | o | Per
Sox | AYEHIOR | Normal | D1 1 IIA,E {A a‘; Ko posne ::ﬁf:‘i:
Male 05 - U U (NI SN R
" 612 k2 s {10] 2] 1] e
N 13-18 H 2 0 1 0
" 19and over a z e o 0
Female 05 - -l -~~~
N 612 & s { 2] of af t{ o
" 1318 2 4 1 o] o} of o
19and over 1 3] o of 1 of o

D = diffuse, A = aderiomatous

. -teachers
. i:?::;t::a ot given owing 10 the &mall number of people examined
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Annex 3

FORM 2 : SAMPLE TABULATION OF DATA FROM ONE AGE-GROUP IN
SEVERAL LOCALITIES

Percentage of

Department or Papulation Percentage Weighted

Frovinca 6-12 years ‘°‘g'_';°§:a'f;'°" with gaitre percentage *
Progreso 1400000 40 20 80
Unién 175000 5 2 14
Yoro 10000 2 18 40
Granada 525000 15 35 52
Cartago 630000 18 EY 54

Over-all total 2500000 100 240
{total goitre rate)
—

* Obtaned by muttiplying the figures tn columns 3 and 4 and dwviding by 100

Annex 4

FORM 3: SAMPLE TABULATION OF DATA FROM ALL AGE-GROUPS IN AN
ARFA OR COUNTRY

Age-grovp | Total gopulation ( Percentage of | Percentage Weighted
tyears) In age-group | total papulation | with goitre percentage *

o5 200 000 10 5 0s

(R 200000 10 2 28
13-13 200 000 15 30 45
19 and over 1300000 ] 25 162
Over-all total 2000 000 100 %0

{total gaitre rate)

* Obtaned by multiplying the flgures In columns 3 and 4 and dividing by 100

REFERENCES

| Eggenberger, H (1928) In Hursch, M , Handbuck der inneren Sekretion, Leipzig

2 Food and Agriculture Organization of the Untted Nations (1954) Report of the Third
Conference on Nutrition Problems in Latin America, Caracas, Venezuela, 19-28
October 1953, Rome (FAO Nutritzon Mectings Report Sertes, No 8)

3 Greer, M A (1950) Physiol Rev, 30, 513

4 Haubold, H (1951) Verh disch Ges i Med , 57, 112

S Scrimshaw, N S (1954) Bol Ofic samt panamer , 34, 277

6§ Scrumshaw, N S et al (1953) Lancet, 2, 166
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Historical Summary

Todine therapy

Todine has been used i the treatment of goitre much longer than for
1ts prevention  The peoples of the Pacific coasts of China and South Amer-
1ca are known to have been eating seaweed for the cure of goitre long
before history came to be written # Numerous references to the treatment
of goitre are found 1n Chinese medical wnitings According to Burcher,”
the ashes of sea sponges (Spongia usta)—m vine, powder and pill form—
were used by the Chinese 1n the treatment of goitre as far back as 1500 r ¢
Pen-Ts’ao Kang-Mu, a Chinese herbal with a final edition m 1578, re-
commends all the medicinal algae for the treatment of goitre (see Hume 36)
The Greeks had the same experience and so, probably, did all the other
ancient peoples living on the shores of the sea In the twelfth century,
Ruggiero Frugardi (Roger of Salerno) recommended an Electruarium
containing the ashes of sea sponges for the treatment of goitre, and this
remedy has been used for centunes.”™

A new era m the therapy of goitre began shortly after Courtors dis-
covered 1odine in 1811 in the seaweed Fucus vestculosus while producing
saltpetre for Napoleon’s armues 2 Prout % first used rodine in the treatment
of goitre 1 1816, Prout states that, at his suggestion, Dr Eliotson of St
Thomas’s Hospital adopted this treatment in 1819 It was, however,
Coindet (1774-1848) who did more than anyone else to lay the foundations
of the treatment of gortre with 10dme ¥ On 25 July 1820, he demonstrated
before the Swiss Society of Natural Sciences the first results of this treatment ¢

. epmmemorlmem»l Medicine, Schoot of Medicune, University of Michigan, Ann Arbor, Michigan

arch Professor of Pathology, All-India Institate of Medieal Seiences, Forenerly, Pathotogit,
Tndian oo of Mchnt Research, New Delhs, Tnd:

— 385 —
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In some cases the goitre regressed within a few weeks of the administration
of fodine, 1n others 1t remained refractory. He noticed that some patients
developed further enlargement of the goitre during treatment. He described
todism and was the first to draw attention to the development of hyper-
thyroidism during iodine medication—Ilater called Jod-Basedow—and
ascribe 1t to excessive dosage of rodine. Although he did not realize that
his own prescriptions contained excessive quantities of 10dine, he warned
his readers to stop treatment forthwith when symptoms of hyperthyroidism
appeared With charactenistic foresight he seems to have anticipated the
unhappy fate of his medicament and the damage to prestige it would
suffer owing to 1gnorance, carelessness and prejudice, for he concluded: 1
“I cannot sufficiently emphastze the well-known axiom of Boerhaave, at
prudenter a prudente medico, si methodum nescis, abstine... ™

The pioncer work of Comndet was doomed to fatlure in the state of
knowledge then exisung The doses of 10dine used were too large. Accord-
ng to Eggenberger ¢ they amounted to 2500 to 5000 times the optimum
Todism was frequent The fear of 10dme-induced hyperthyroidism or Jod-
Basedow increased, and under the wnfluence of Theodor Kocher reached
1ts zenith This encouraged treatment with 1odine to be restricted to short
periods only, with the result that recurrence of goitre was common. No
selection of cases for treatment was exercised and so disappointing results
were frequent, especially in cases with nodular goitre. All these factors
combined to lower the prestige of 10dme, and 1odine therapy fell into dis-
repute towards the close of the nimeteenth century.

Baumann’s discovery, 1n 1896, that iodine is the normal constituent
of the thyroid gland provided the rallying-pownt for a revival of iodine
treatment and prophylaxis of goitre,? and the opinion began to gamn ground
that small doses of todine could be successfully admunistered. Finally, as a
result of the fine efforts in the early part of the present century of Marme
and Kimball,®. 53 Hunziger,”” Eggenberger 2 and Wagner-Jauregg,”
10dine has agaimn found a place 1n the treatment of goitre,

Todine prophylaxis

The use of 1odwme 1n goitre prophylaxis was a logical consequence of
Coindet’s successful treatment of goitre with 1odine Bousstngault * was
the first to suggest the use of jodized salt for the prevention of goitre He
lived for many years 1in Colombua, and there he learnt about the expenence
of the local people regarding the therapeutic effect of the salt obtained from
an abandoned mme in Guaca n the Department of Antioqura, In 1'825
Bousstngault analysed this salt and found that it contained large quantities
of 10dine. In 1833 he suggested the rodization of salt as a means of pre-
venting goitre—a sugg that was subseq T¥ supported by J. L. Pre-
vost {quoted by De Quervain 2) and by A, Chz.mn (quoted by Eggenbe;-
ger?y) The first experiment i gortre prophylaxis ever known was CarTie
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out in France, in the Departments of Bas-Rhun, Seme-Inférreure, and
Haute-Savote 2 Goitrous families received salt fortified with 0.1t0 05 g
of potassium iodide per kg of salt. Schoolchildren with goitre recewved,
daily, tablets or a solution containing 001 g of potassium 1odide. Open
bottles containing elemental 1odine were placed in bedrooms In view of
the high doses of todide used 1n this programme, 1t 15 small wonder that
toxic symptoms of 10dism and Jod-Basedow were frequent and that, con-
ly, iodide prophylasis was d dited and abandoned

The true foundation of the 10dine prophylaxis of endemic goitre was
laid by Manne & Kimball % when they launched the first large-scale
expentment in goitre preventton 1 Akron, Ohio, USA, m 1917. About
5000 girls, between 11 and 18 years of age, took part in this expertment.
2190 of them were given a daily dose of 0 2 g of sodium 10dide 1n water for
ten days in the spring and ten days in the autumn, making a total dose of
40 g over the year The remamming 2305 girls acted as controls The
results are summarnized 1n Table 1. Two facts stand out from these data
(@) 1 the group receving sodium 1odide, out of 908 girls with a normal
thyroid prior to treatment, only 2, 1e, 02%, developed goitre, whereas
among the 1257 girls of the control group with previously normal thyroid,
goitre appeared m 347, or 27 6%, (b) 1n the treated group, 773 out of 1282
gitls with goitre, 1€, 604 %, showed a considerable decrease 1 the size of
the thyroid, while in the control group spontancous regression of the goitre

TABLE | RESULTS OF IODINE PROPHYLAXIS IN AKRON, OHIO, USA, FROM
19174919 ¢

With iodine Without lodine
Size of the thyroid
No No |
Normat
Unchanged %08 s 910 724
Increased 2 0z u7 278
Stightly enlarged
Unchanged 417 49 698 28
tncreased 3 03 127 133
Decreased 659 578 134 139
Moderately enlarged
Unchanged 2 203 57 540
Increased - - 2 26
Decreased 114 77 1 124
Total 21%0 100 2308 L 1000

* After Marine & kumball ¥ by kind f the editors of the 4 the Medscal Scie
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occurred only in 145 out of 1048 girls, i e., 13.8%. Both the prophylactic
and the therapeutic effects were thus impressive. Todism was very rare (only
11 cases) in spite of the extremely large doses of iodine, and the symptoms
disappeared within a few days of stopping the administration of sodium
1odide.

Mass prophylaxis of goitre with rodized salt was first introduced on a
community scale tn Michigan in 1924 (Kimball #2), Goitre surveys in school-
children and iodine analyses of the drinking-water were first carried out in
4 representatives counttes, namely Houghton, Wexford, Midland and
McComb, with the following results-

County drl{vﬁ::":-nlr:lﬂ Cortre rate
fhitre *
Houghton 0 63.4
Wexford 05 556
Midland 73 27
McComb 87 260

The average goitre rate among the 65537 schoolchildren examined was
38.67;. Table salt contaming 1 part 1n 5 000 of potassium jodide was then
introduced and by 1929 the rate had fallen to 9%, The latest survey con-
ducted by Brush & Altland '* in 1951 on 53 785 schoolchildren in the same
counties gave a goitre rate of only 1.4%. It was also reported that in
7 large | Is 1n Mrchigan thyroid d for only 1% of all
operations in 1950 compared with 32% in 1939. No toxic symptoms of
1odide prophylaxis were observed

Further historical detarls will be found in the chapter by Langer (page 9)
and 1n the review by Kelly & Snedden of the world prevalence and geogta-
phical distribution of endemic gottre (page 27) The results of some more
recent work are discussed in a later sectton of this chapter (page 404). Ample
experience has now been gawned to prove beyond doubt the value of iodine
in the therapy and prophylaxis of endemic goitre and, at the same time, has
revealed its limitations

Tt with thyroid

Compared with the numerous references to the use of scaweed, references
in primitive medical writings to the use of thyroid preparations for the
treatment of goitre are few, .

According to James,* the ancient Chinese used to treat cretins with
sheep’s thyroid, and according to Schelenz & dried thyroid was suggested
for the treatment of gottre 1n a Persian work, Toalyft ul Moomincen, com-
pleted m 1669 by Mir-Muhamed-Zeman-Tunkabuni  This book was
translated into Latin by Joseph de la Brosse in 1681. Richter, quoted by
Schelenz,$ claimed that the Persian edition appeared as early as the end of
the fourteenth century. The prescription against goitre Tryphere ad strunias

ds Strur colle arietts de um Dr. 5 It is not known
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whcther th)s prescription was used in Europe Following Murray™ s 80

of myxoed with a glycerol extract of thyroid gland,
Sunderland, quoted by Angerer,? suggested 1n 1894 the use of thyroid
for the treatment of gottre In the same year Reinhold ¥ and Bruns,®
who treated 350 cases of goitre with thyroid, published their results,
which clearly showed that the administration of thyroid was of value in the
treatment of goitre. The work which followed confirmed and extended
their observations and provided a rationale for the treatment of goitre with
thyroid preparations.!- ** However, despite many excellent publications—
to mention but the work of Wagner-Jauregg *® and Rienhoff #—this form
of treatment of goitre has fallen 1nto oblivion, probably because in the last
fifty years the surgical therapy of goitre has made great progress, whereas
the thyrord preparattons have been discredited by improper appheation to
various other diseases Recently, Greer & Astwood 3 admirably reviewed
and reinvestigated the whole problem

Surgical treatment

In the first century A 0, Celsus (quoted by Foote 2°) in De re Medica,
Lib VII, Cap 13, recommended the treatment of cystic goitre by an ciston
made 1n the middle of the neck. The erudite Galen (A D 130-200), however,
warned agamnst surgical treatment (see Foote?) In A.D. 400, Susruta,
the great exponent of Hindu medicine, prescribed five salts for the treatment
of goitre and also advocated thyroidectonty The excision of gortre as a
method of treatment did not make much headway, however, on account
of the danger of excessive bleeding, which was first pointed out by Paulus
Aegmita (oD 624-690) (see Foote?), and for many centuries surgical
therapy was confined to attempts to shrink the goitre by means of nflam-
mation To achieve this, red-hot seton-needles were passed through the
goitre—an operatton that resulted in copious bleeding, followed by dan-
gerous suppuration * Untl the beginming of the mineteenth century,
thyroidectomy had probably been performed in no more than ten cases !
The striking success of the surgical therapy of goitre today 1s 1nseparably
linked with the name of Theodor Kocher (see Vogel ). Kocher performed
9000 thyrordectomues and effected striking improvements 1n surgical tech-
nique, from the inciston 1n the skin to the closure and dramning of the wound.
Since these early days, the mortality from thyroidectomy has decreased

ely with imp mn From 41 % 1 18504 1t fell
to 12 8‘7 m 1883,% 3297 1n 1910,* and 076 1n 1941, and today it is
less than 0 2%, 2° But the triumphs of goitre surgery were not unaccom-

panmied by great disapp ments. P such ae
myxoedema, tetany and paralysis of the recurent laryngeal nerves wers
notnfrequent, but with better und of the and

of the thyroid and parathyroid glands, these complications have now been
largely overcome
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Present-day Therapy of Endemic Goitre
Medical therapy
Jodue

d.

Success m the treatment and p ion of ic goitre—as of any
other disease—depends upon a thorough knowledge of s etiology and
the factors that promote its persistence and spread in the community. The
etiology of endemic goitre has been one of the most intensely pursued Jines
of scientific nquiry in medicine  There 15 now general acceptance of the
opinion expressed by the Gottre Subcommuttee of the Medical Research
Council of Great Britain in 1944 that * the immediate cause of simple goitre
1s fature of the thyroid giand to obtam a supply of 10dne sufficient to main-
tain 1ts normal structure and function ™2 At the same tifme, there is growing
realization of the importance of factors other than iodine deficiency. A
naturally occurring goitrogenic substance has been isolated from certamn
foods,3 and recently a situation has been described by Clements in certain
parts of Tasmama 1n which 1t appears that a goitrogenic substance with a
capacity to mhibit the utilization of todme by the thyroid may be res-
ponstble for the occurrence of endemic goitre there ¥ It 1s clear that in
such sttuations treatment with jodide may be of no avail, as has indeed
been shown to be the case in Tasmania. The obvious thing to do in such
cases 1s to remove, if posstble, the source of goitrogen from the diet.

That treatment with 10dine 1s indicated when the goitre has been shown
to be due to absolute or relative deficiency of iodine is easily stated. In
practice, however, the presence of iodine deficiency cannot be readily
ascertamned m individual cases unless a series of Jaboratory studies 1s made®
The simplest way 1s by a therapeutic test, but even then, the absence of
response does not prove that the goitre is not due to 1odmne deficiency.
Indeed, according to the classical Marine cycle, 5! once a goitre, always 2
goitre: treatment with lodine may produce involution with deposition of
colloid, but the gland does not revert completely to normal, It appears,
however, that a dufuse hyperplastic gland can revert to normat and, i the
early stage, it may become invisible after treatment with rodine. When the
goitre has been of long standing and has passed through several Manne
cycles, 1t tends to become large or nodular, or both The response to jodine
in such cases will be variable, depending upon the extent of the hyperplastic
zones Large cystic and degenerated goitres cannot be treated successfully
with todine and need surgical mtervention

There is no defimite opinton 1n the literature about the optimum thera-
peutic dose, the chemical compound of choice, or the duration of treatment
with 10dime  The therapeutic dose should, in principle, be higher lhfm the
daily requirement, but in the present state of knowledge it is not possible to
state how much higher it should be. One thing, however, is clfarinami’y,
that large doses should not be admi ed, for then Jod-B
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a real threat. Recently, Stanbury and his colleagues ® reported a case of
a woman with endemic gottre who developed thyrotoxicosts after the
adminsstration of 1500 ug of 1odine per day. Owing to the awdity of the
hyperplastic gland for 1odine, the greater part of the 1odine administered
15 taken up by the gland, a process which may last for several weeks
1t is therefore quite unnecessary to use large doses in the treatment of
endemic gaitee  We are of the opimon that the therapeutic dose need not
be more than two or three times the daily requirement of 10dine.
But what 1s the daily human requitement of 10dine? Estimates of the
and op todine req range widely, from 50 ug to
300 ug A great deal of work has been done 1n this connexion, but the
vahdity of most of 1t has been subject to enticism  * Taking the data for
what they may be worth ", Greenwald * calculates that the human require-
ment 1s less than 100 g per day The Food and Nutrition Board of the
National Research Council of the USA placed the opttmum requirement
at 150 to 300 pg for an adult, while the Commuttee on Nutrition of the

British Medical A ded a day o\
of 100 ug for adults and suggested that a larger intake, 150 pg, might be
dvisable for children, adol and and nursing women ®

In the hght of this knowledge we afe of the opinion that the therapeutic
dose need not be higher than 200 to 300 pg per day

The simplest prescription for 10dine therapy 15 a solution of potassium
10dide 1n water, as follows: potassium 1odide, 0 03 g, distilled water, 20 Oml,
4 to 6 drops 1n a glass of water daily The most widely known preparation
1s Lugol’s solution Lugol (quoted by Buchanan ) himself used three
different prescriptions for potasstum 10dide with 1odine The pharma-
copoeias of m™ost countries define Lugol’s solution as 1odine, 50 g;
potassium todide, 100 g; distilled water up to 1000 ml This solutton
contarns, 1n one drop, more than 300 pg of 10dine and 15 therefore unsuit-
able for datly use Likewrse, we are not in favour of using organic 10dine
preparations, stnce most of them contain large quantuties of jodine Iodine
compounds such as potassium iodide and 10date have been given n the form
of tablets and sweets both for therapy and for prophylaxis with good
results This form of treatment 1s particularly useful for schoolchuldren and
expectant and lactating mothers

Treatment has to be continwous and should be kept up untl general

kb are blished 10 the i

effect, 1f any, can usually be observed after 6-8 weeks of therapy If there
1S no response even after three months, then 10dine should be replaced by
thyroid preparations

Complications of rodine therapy are rare, but in the course of the
treatment of goitre with 10dine the following can occur: (a) iodsm, (b} Jod-
Basedow, (c) iodine thyrorditis, and {(d) enlargement of the goitre with or
without hypothyrordism
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(a) Jodism. The allergic reaction to 10dine can be either of an acute
or of a chronic nature Acute iodism 1s manifested by angioneurottc symp-
toms, from urticaria to haemorrhagic exudates. Chronic iodism 1s more
common than the acute form, the main symptoms being chronic rhmitis
(like the common cold), enlargement of the salivary glands, and various
acneiform exanthemas Earlier, jodism was observed fairly frequently
among people over-sensitive to 1odine, because the therapeutic dose was
much larger. However, today thts 1s not the case, the therapeutic dose of
iodine being equal to, or only shightly larger than, the amount of iodme
1n the food of people 1n goitre-free areas

{(b) Jod-Basedow The development of hyperthyroidism in the course
of goitre therapy with 10dine was described long ago by Coindet !* and by
Rilliet,*! and has since been mentioned by many writers  The name Jod-
Basedow was first used by Kocher # in 1910. Many authors refused to
recognize this condition, but, i 1951, Stanbury et al ,** while investigating
the metabolism of iodine 1n goitrous people in the Province of Mendoza,
Argentina, proved that Jod-Basedow can occur if the therapeutic dose of
10dine 1s considerably larger than the daily requirement. However, the
development of Jod-Basedow, like that of toxic adenoma, is inherent in the
lfe history of the nodular goitre Hyperactive “hot nodules ", inde-
pendent of the stimulating effect of thyrotropin, can develop in a gottre as 2
result of prolonged nutritional defictency of jodmne. It is these nodules that
secrete almost all the hormone, the remarning thyroid tissue being practically
mactive  Given a larger supply of iodine they can produce cxcess of
thyroid hormone, thus inducing Jod-Basedow Thus jodine does not cause
but conditions the development of the disease. The distinction between the
hyperactive nodule 1n the goitre of Jod-Basedow and the toxic adenoma of
Plummer’s disease ltes only in the quantity of hyperactive tissue  Many
people with nodular goitre develop toxic adenoma in muddie or old age,
because in the course of time the hyperactive nodule increases in size and
produces too much hormone, despite continued nutritional deficiency of
1odine. This patho-physiological Mk between Jod-Basedow and toxc
adenoma shows that the therapeutic dose of 10dine must not be much larger
than the daily requirement Hyperthyroidism developing duning treatment
with 200-300 sg of 1odine suggests toxic adenoma, whereas hyperthyroidism
developing on prolonged treatment with larger doses of iodine suggests
Jod-Basedow. However, the differential diagnosts between Jod-Basedow
and toxic adenoma can be very difficult; the only clinical difference lies 1n
the fact that the of Jod-Basedow usually disappear sp ly
several weeks after the treatment with 10dine has been discontinued Thus,
hyperthyroidism occurring during the 10dine therapy ofgoit.rc may be rclar.cr?
to the adminstration of 1odine, but 15 usually merely coincident with it}
toxic adenoma and Graves® disease without exophthalmus are much more
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than Jod-Basedow, C ly, the ics on the occurrence
of Jod-Basedow cannot be ccnsxdered very rehable.

(¢) Todine thyrowditis Coindet,”” and later many others, noticed that
sometimes at the beginning of iodine therapy an enlargement of the goitre
takes place which may be pamnful, According to Marnne,* this complication
can occur about the seventh day of therapy, 1f large doses of iodine are
admlmstcred However, aﬂer iodine therapy has been dlscontmued the
goitre d Thls can be explained on the

ion that the p of thyrotropic hormone
causes the sudden formation of wdme -contaiing colloid m the follcles,
with a decreased release of thyroid hormone mnto the blood-stream, perhaps
due to the blocking effect of 1odine  This transitory harmless phenomenon
1s known as rodme thyroiditts 2 ¢

{d) Enlargement of the goutre with or without hypothyrordism  The
“jodine thyroiditts ™ described by earlier writers should be distinguished
from the enlargement of the normal thyroid or goire, with or without
development of myxoedema, which occurs after the myection or oral
administration of massives doses of 10dine (50-500 mg or more per day)
for the treatment of bronchial asthma,’. 5% arteriosclerosis,®. ¥ goitre, 3%
and rheumatism,® or for diagnostic purposes ¥ According to the studies
of Wolff & Chaikoff,’02 Rawson et al ,” Morgans & Trotter,*® Raben™ and
VanderLaan,®® 1odine-induced goitre anses because 1n some people (and
in some amimals) 1odine 1n large doses mhibits the release of thyrod
hormone into the blood-stream  The shortage of thyrodd hormone 1n the
blood (somettmes down to the level of hypothyroudism), leads to a
compensatory increase in the secretion of thyrotropin which produces
enlargement of the thyroid Recently, Pans et al,® in an excelfent

1 and h 1 study of 10d; nduced goitre with hypo-
thyroidism, have shown that. (1) the enlargement of the gland 1s due
to diffuse hyperplasia of the thyroid parenchyma, (1) 10dine i large doses
inhibits the formation of organic compounds of 10dine in the thyroiwds of
patients with this type of goitre, and, in contradsstinction to the thyroids of
normal individuals, the thyroids of such patients do not * escape ” from
this inhibitory effect when the administration of 10dine 1s prolonged, (1)
thus mhibitory effect of 10dine occurs 1n these patients with smaller doses of
10dine than m normal individuals, (tv) inhibinron of the uptake of 2! mn
the thyroid of these patients by small doses of sodine 1s more pronounced
than 1n other indwviduals and 1s comparable with the effect of similar doses
of 1odine on the thyroid uptake of ¥ n patients with Graves® disease;
(v) shortly after stopping 10dine administration, the uptake of 3! increases
to & high level, but the formation of thyroid hormone 1s delayed for some
time until the concentration of inorgamic 1odine 1n the serum returns to a
normal level. This type of goitre disappears spontaneously after the admi-
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nistration of 1odine has been discontinued and the concentration of jodine
n the blood has decreased.

All the above complications of the todine therapy of goitre are very
wnfrequent, Neither iodism nor jodine thyroiditis can occur with the dosage
recommended here. Should either develop during the treatment of goitre
with such doses of iodine, it can almost always be traced to an additonat
ntake of todine from some other source, such as a drug, mineral water, or
cosmetic preparation. Cases of Jod-Basedow, too, are extremely rare
Among more than 1000 adults, most of them with large nodular goitres,
who received large doses of iodine (5-15 mg per day) under careful and fre-
quent control, only one patient developed sodine thyroiditis, and one Jod-
Basedow (J. Matovinovié & N. Kova&té, unpublished data)

Thyroid preparations

Treatment with thyrowd preparations is ndicated 1 cases of endemic
goitre since the gland becomes enlarged whenever it is unable to produce
the necessary amount of thyroid hormone and is consequently under sttmula-
tion by the thyrotropic hormone of the anterior pituitary. By giving thyroid
to meet the homeostatic needs of the organism, the secretion of thyrotropic
hormone is decreased and involution of the hyperplastic tissue of the
thyroid takes place. The therapeutic effect 1s more rapid with thyroid than
with 10dine. In the majonty of cases of endemic gottre due to absolute or
relatve iodine deficiency, treatment with iodine alone 1s adequate  This is
espectally true for children and adolescents Thyroid 1s indrcated for adults
with large gortres of the diffuse or, more frequently, of the nodular type
contamning, mn addition to hyperplastic and macrofollicular parencl}yxr}a,
degenerated, haemorrhagic, cystic and fibrotic tissue  Thyrord 1s also mdx':~
ated in cases of simple sporadic goitre, whether due to an innate defect in
1odine metabolism, excessive intake of goitrogenic substances, or an un-
known cause Tt is well known that the results of treatment of sporadic
gottre with fodne are often disappointing. Treatment with thyroid becomes
imperative if erther endemic or sporadic goitre is associated with manifesta-
tions of hypothyrordism It 1s particularly indicated in newborn ‘bablcs
with goitre, suce 10dine is rather slow jts action and may occasionally
induce temporary enlargement of the gottre, thus aggravating the pressure
symptoms. Thyrotd may be used with advantage to treat pregnant women
with gottre, The tendency of the normal or goitrous thyrold gla{ui to enlarge
during pregnancyhas been known for a very long time. Increase in the uptake
of 1] during pregnancy with euthyroidism has also been not:'d “. Man et
al @7 found that the protein-bound todine (PBY) 1n the serum is higher on
the average during pregnancy than cither before or after, that its increase
oceurs eaclier than the increase in the basal metabolic rate {BMR), and that
miscarriages are commonest in women with a PBI level below 6 0 pg per
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100 ml. Dowling et al 22 have shown that the heightened activity of the thy-
rotd gland and the raised serum level of PBI during pregnancy are related
to the increase in thyroxine-binding protem which 1s probably induced by
the high oestrogen concentration n the blood Finally, some 50 years
ago, Wagner-Jauregg ** observed that when thyrowd was admimstered
during pregnancy to a goitrous woman who had previously given birth tofour
cretins 1n four successive delwventes her goitre dimmished 1n size and a
healthy baby with a normal thyroid was born

As there is a great deal of mdividual vanation m response to thyrod
extracts, the dose has to be adjusted to swit the individual. Apart from this,
the minimum effective dose 1s dependent upon the amount of thyroid
hormone that the gland is actually producing, however msufficient that
may be. Greer & Astwood 3 effected complete cures of goitre with as small
a dose as 0 65 mg of USP (United States Pharmacopoeia) thyroid i three
out of a series of 50 cases. According to Means,’? 100 mg of dried thyroid
conforming to USP requirements (with a total organic 1odine concentration
of 022%) 1s the average substitutional dose of thyroid i fully developed
myxoedema, and this may be taken to represent the amount required to
meet the normal needs of the body The therapeutic dose has to be some-
what higher than this We suggest that treatment be commenced with
50 mg per day, the amount being gradually increased by weekly mncrements
up to a maxwmum of 300 mg per day That this amount should be quuite
adequate in an average case of goitre 1s evidenced by the expeniments of
Werner et al ** who showed that 70-75 mg of truodothyronine daily (equiva-
lent to 120 mg of thyroid) for 8 days will reduce the 24-hour uptake of 9I
by the thyroid from 35% to 11%

Duffuse hyperplastic gortres respond more readily and completely to
thyroid than do nodular goitres In the series of 50 goitrous cases treated
by Greer & Astwood,® 87% of diffuse goitres, 67% of multiple nodular
gotres, and 67 % of single nodular gostres decreased in size after treatment
with thyroid The correspondmng figures for the complete disappearance
of the goitres 1n this senies were 44, 33% and 39 %, respectively

Patients must be kept under observation during treatment A watch
must be kept on the pulse rate, on the size of the thyroid gland and, if
possible, on the BMR, blood cholesterel, and serum PBI The therapy
should be discontinued for 14 days f toxic symptoms develop (thyrotoxi-
cosss facutia) and thereafter resumed with a dose 25-50 mg smaller In
general, treatment should be continued until the goitre dimumshes 1n stze
In people with a normal thyroid who come 1nto an area of severe endemic
gortre, 1t takes three or four months for the gostre to develop To bring
about a decrease 1n goitre size, the same or twice as long a pertod of treat-
ment is necessary In about 50% of people, the withdrawal of thyroid
therapy results m a recurrence of the goitres after about the same period
of time In areas of endemic goitre due to 10dine deficiency, regular thera-
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nistration of jodine has been disconttnued and the concentration of 10dine
1n the blood has decreased.

All the above complications of the jodine therapy of gortre are very
wnfrequent, Neither 10dism nor jodine thyroiditis can occur with the dosage
recommended here. Should either develop duning the treatment of goitre
with such doses of 10dine, it can almost always be traced to an additional
intake of 1odine from some other source, such as a drug, mineral water, or
cosmetic preparation Cases of Jod-Basedow, too, are 1y rare.
Among more than 1000 adults, most of them with large nodular gortres,
who received large doses of iodine (5-15 mg per day) under careful and fre-
quent control, only one patient developed 10dine thyroiditis, and one Jod-
Basedow (J. Matovinovié & N. Kovagié, unpublished data).

Thyrowd preparations

Treatment with thyroid preparations 1s indicated in cases of endemic
goitre since the gland becomes enlarged whenever it is unable to produce
the necessary amount of thyroid hormone and is consequently under stimula-
tion by the thyrotropic hormone of the anterior pituitary. By giving thyroi.d
to meet the homeostatic needs of the organism, the secretion of thyrotropic
hormone is decreased and involution of the hyperplastic tissue of the
thyroud takes place. The therapeutic effect is more rapid with thyroid than
with 10dine. In the majority of cases of endemic goitre due to absolute or
relative jodine deficiency, treatment with rodine alone is adequate  This s
especially true for children and adolescents. Thyroid is indicated for adults
with large goitres of the diffuse or, more frequently, of the nodular type
containing, m addition to hyperplastic and macrofollicular parenchyma,
degenerated, haemorrhagic, cystic and fibrotic tissue. Thyroid is also indic-
ated in cases of simple sporadic goitre, whether due to an innate defect 1n
1odine metabolism, excessive intake of goitrogenic substances, or an un-
known cause It 15 well known that the results of treatment of sporadic
goitre with 10dine are often disappointing Treatment with thyroid becomes
imperative 1f either end or sporadic goitre is fated with fest
tions of hypothyroidism It is particularly indicated 1 newborn babies
with goitre, since 1odme 15 rather slow in s action and may occastonatly
induce temporary enlargement of the goitre, thus aggravating the pressure
symptoms Thyroid may be used with advantage to treat pregnant women
with goitre The tendency of the normal or goitrous thyrotd gland to enlarge
during pregnanc yhas been known for a very long time, Increase in the uptake
of W during pregnancy with euthyroidism has also beert noted * Man et
al.#” found that the protein-bound 1odine (PBI) in the serum is' higher on
the average during pregnancy than either before or after, that its increase
occurs earlter than the increase in the basal metabohe rate (BM R}, and that
miscarriages are commonest tn women with a PBI level below 6 0 g per
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100 ml. Dowling et al.? have shown that the heightened activity of the thy-
roid gland and the raised serum level of PBI during pregnancy are related
to the increase in thyroxine-binding protein which 1s probably induced by
the high oestrogen concentration in the blood. Finally, some 50 years
ago, Wagner-Jauregg % observed that when thyroid was admimstered
during pregnancy to a gottrous woman who had previously given birth tofour
cretins in four successive deliveries her goitre drminished tn size and a
healthy baby with a normal thyroid was born,

As there 15 a great deal of individual vanation 1n response to thyrord
extracts, the dose has to be adjusted to suit the individual. Apart from ths,
the mimmum effective dose is dependent upon the amount of thyrosd
hormone that the gland is actually producing, however msufficient that
may be  Greer & Astwood ¥ effected complete cures of goitre with as small
a dose as 065 mg of USP (United States Pharmacopoeta) thyroid 1n three
out of a series of 50 cases  According to Means,? 100 mg of dried thyrod
conforming to USP requirements {with a total organic iodine concentratron
of 022%) is the average substitutional dose of thyroid 1n fully developed
myxoedema, and this may be taken to represent the amount required to
meet the normal needs of the body. The therapeutic dose has to be some-
what fugher than this We suggest that treatment be commenced with
50 mg per day, the amount being gradually by weekly
up to a maximum of 300 mg per day That this amount should be quite
adequate in an average case of gortre 1s evidenced by the experiments of
Werner et al * who showed that 70-75 mg of truodothyronmne daily (equiva-
fent to 120 mg of thyroid) for 8 days will reduce the 24-hour uptake of 131
by the thyroid from 35% to 11%

Diffuse hyperplastic goitres respond more readily and completely to
thyroid than do nodular goitres In the series of 50 goitrous cases treated
by Greer & Astwood, 87% of diffuse gontres, 67% of multiple nodular
goutres, and 679 of single nodular gontres decreased 1 size after treatment
with thyroid  The corresponding figures for the complete disappearance
of the goitres 1 thus serics were 44, 33% and 39 %. respecttvely

Patients must be kept under observation during treatment A watch
must be kept on the pulse rate, on the size of the thyroid gland and, if
possible, on the BMR, blood cholesterol, and serum PBI The therapy
should be discontinued for 14 days if touc symptoms develop (thyrotoxi-
cosis factiia) and thereafter resumed wath a dose 25-50 mg smaller In
general, treatment should be continued until the gottre dummushes i size
In people with a normal thyroid who come 1nto an area of severe enderme
goitre, 1t takes three or four months for the goitre to develop Tobnng
about a decrease 1n goitre size, the same or twice as long a period of treat-
ment 15 necessary. In about 50% of people, the withdrawal of thyroid
therapy results in a recurrence of the goitres after about the same period

oftime In areas of endemic goitre due to iodine deficiency, regular thera-
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peutc doses of todine should be administered after thyrord therapy has been
discontinued, untif general prophylactic measures are established In some
pauents, however, goitre may develop again despite jodine therapy, parti-
cularly 1n women of child-bearing age and people with a biologically
wferior thyrord. Relapse is also very common in patients with sporadic
goitre. In such cases, thyroid therapy shouid be continued for the rest of
the patient’s life. Thyroid adminstration must also be continued as a
substitution therapy 1n cases of hypothyroidism, with such individual adjust.
ment of dosage as 1s requred The development of hypothyroidism
(Farquharson’s phenomenon **) and hyperthyroidism in patients with
stmple goutre after withdrawal of thyroid treatment has been descnbed in
the literature, but such complications are very rare. Farquharson's pheno-
menon 1s due ta temporary but prolonged inmbition of the secretion of
thyrotrapin after the exogenous thryord hormone has been used up®
Sundarly, hyperthyroidism after withdrawal of thyrod therapy is due to the
rebound ypersecretion of thyrotropin, followed by hyperactivity of the
thyroid due to the lag n the readjustment of thyrotropin secretion %

Some patients suffer from nausea and vomting afier taking thyroid
In such cases, ether thyroxine or trnodothyromine can be used instead of
desi d thyroid. A ding to Werner,® 012 g of USP thyroid Is
approxuuately as effective as 300 ug of L-thyroine sodium or 75 pg of
L-truodothyronine orally, and represents the average maintenance dose for
treatment of myxoedema. The maumum dose for the therapy of myx-
oedema with L-thyroune sodinm 1s about 500 ug and with L-triiodothy-
ronine about 125 pg per day.®” These doses should be sufficient for the
therapy of goitre too  Zondek & Leszynsky 1% gave 960 and 920 pg of
truodothyronine to two pattents with multiple nodular gortre and myx-
oedema over periods of 9 and 8 days, respectively. As a result of this
treatment, the myxoedema disappeared, the goitre dimumshed in size, and
all but one of the nodules regressed.

Surgical treatment

Surgical therapy is indicated n goitre: (a) when there are signs of
compresston; () when thyrotoxicosis supervenes on a nodutar goire;
(c) when thete is malignant transformation of the goitre; and (d) for cos-
metic reasons. The signs of compresston depend upon the part which is
beng compressed  There may be compressian of the larynx and trachea,
leading to dislocation of these organs with dyspnoea, cough, stndor and
§ In chddren and ad the trachea 15 relatively soft
and narrow, and even a small colloid goitre can mduce signs of compression.
There may be compression of the blood vessels—the internal jugylar and
subclavian vems and, in the case of nightsided substernal goitre, the
superior vena cava as well In such eases, there will be ddatation of the
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subcutaneous veins, cyanosis and oedema of the face, neck or extremities,
and a feeling of congestion in the head upon bending  Dysphagia develops
when there 1s compression of the oesophagus, but this 1s rare. The goitre
may press on the adjoining nerves—on the recurrent laryngeal nerves
producing a low, husky voice; on the cervical sympathetic producing
Horner’s syndrome, or on the vapus (this is extremely rare) producing
paroxysmal bradycardia and syncope The cervical and brachial nerve

plexuses may be d, leading to tal headaches, paimn m the
nght shoulder, paraesthesia and weakness 1n the night arm, ete,
In endemic goutre areas, hyperthyroid (toxic ad } 1n patients

with pre-existent goutre 15 said to be common and to account for about 20%
of all patients with hyperthyrordism.® All agree that surgery 1s the best
treatment for toxic adenoma

Oprnions differ with regard to the importance of nutritional 10dine
deficiency in the development of cancer of the thyroid, but it 1s generally
accepted that surgical therapy 1s indicated whenever cancer of the goitre
15 suspected By surgical measures it 1s usually possible to alleviate all the
complications of gortre. Unfortunately, surgical therapy 1s often responsible
for new complications, which are of great importance for the health, work-
g capacity, and hife of the patient. These include (a) temporary paralysis
of the recurrent nerves mn about 5% of cases and persistent paralysts 1n
1.3%; (b} temporary hypoparathyrotd tetany i about 0947, and
persistent hypoparathyroid tetany tn about 0.5 %, of the patients; ™ (¢ post-
operative hypothyroidism (temporary and persistent) i about 9% of cases ¥
The recurrent gottre 1s very frequent, surgical removal of such goitres
accounting for about 592 of all thyroid “ It 1s therefore always
necessary to try treatment with thyroid before undertaking thyrordectomy
In a considerable number of patients the gortre will diminish after thyroid
treatment, thereby making operation either unnecessary or at least much
easier Therapy with 10dine or thyrotd 1s especially indicated after thyroid-
ectomy, since the same factors which brought about the goitre continue
o act, while a considerable part of the normal tissue as well as the exhausted
and degenerated tissue has been removed by the operation

Other methods of treatment

Considering the fact that, as late as 1867, J Samt-Lager (quoted by
Eggenberger **) counted 43 different theones to explain the etiology of
endemic goitre, 1t ts scarcely surprising that so many forms of treatment
have been advocated m the past These will not be considered here except
to make a brief reference to the more recent developments X-ray * and
radium therapy * have been applied to endermic gortre, but no significant
results have been obtamned, and this approach does not fit m with the con-
ception that goitre 15 a compensation for the shortage of thyroid hormone
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The administration of the thyrotropic hormone has been advacated in
selected patients with colloid goitres rich in iodine ¥* and some successful
results have been ob d.s We der, h , that there is no
Justtfication for this form of treatment in endemic goitre, since 1 such
patients the concentration of thyrotropin 1n the blood is probably already
elevated. Furthermore, the therapeunic effect of thyrotropic hormone, if
any, 15 hmited to 1odine-nich goitres which, in any case, would be in the
process of undergomng spontaneous nvolution.

A decrease m the size of sporadic goitres, resistant to jodine treatment,
has been reported following admistration of bismuth salts (Villaverde ).
It 1s difficult to evaluate this report, however, since the author did not have
adequate controls,

The present methods of medscal and surgical therapy of goitre represent
a great advance in medicine, but they are intended for the treatment of
mdividual patients, Since endemic goitre greatly affects the health and
well-being of whole nations, however, modern treatment should be com-
bined with general gortre prophylaxis. The importance of this punciple
has been admirably summed up by Manue. ¥ * The old adage that one
ounce of prevention 1s worth a pound of cure is autdone in the case of
goitre, where one mulligram of prevention 1s worth miore than a thousand
nmuligrams of cure,”

Prophylaxis of Endemic Goitre

Principle of prevention

It has alrcady been stated that successful prevention of any disease
depends upon a t} gh under ding of its etiology and epudémiology.
It is now recognized that goitrogenic factors in food may be responsible
for iodine-refractory endemic poitre (Clements ) and that excesstve intake
of calcium salts can be goitrogenic (Taylor ®). But none of these advaaces
has shaken the fundamental principle of the mass prophylaxis of endemic
goitre, which is to yncrease the intake of jodine, within hmits of safety, to
ensure that 1t not only makes good the deficient intake but also, where
possible, overcomes the effects of any gortrogenic factors present.

It 1s needless to emphasize that any large-scale programme of goitee
prevention should be preceded by a study of the etiology of the disease and
an assessment of the degree of jodine deficiency nt that area. There may be
situations where the intake of jodine per se is adequate, but where goire
1s still prevalent because of other factors, for example, excassive ha.rdr}ess of
dnnking-water. In such cases, it may be possible to reduce the incidence
of goitre by changing the water-supply from. hard to soft water without
increasing the intake of jodine. ‘]n undertaking such measures, however,
the expense involved will be an important factor.
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Medium for supplementary iodine

1t is generally accepted that the most p method of p
supplementary iodine 1s the iodizatton of salt Other methods have been
tried from time to time, such as the 10dization of water-supplies, the 10diza-
tion of bread, and the periodical administration of 1odide tablets and sweets
for the protection of the vulnerable groups of the population  The rodrzatron
of wat pplies was ised ext Iy 1n the Netherlands before and
during the Second World War, but 1t has now been abandoned as un-
economic, since only a small proportion of the water-supply—about 1%
according to Olesen ®—1s used for drinking and cooking purposes  More-
over, 1t cannot be applied to areas that lack municipal water-supplies. In
countries where bread is consumed as a staple foodstuff, theiodization of
bread appears to be a satisfactory method Introduced as a wartime measure
1 the Netherlands, 1t was found to be both economuc and feasible (E H.
Hipsley, unpubhished report, 1952) However, the consumption of bread
varies greatly with individuals, age-groups and varnious strata of the popula-
tion  Medicated tablets and sweets have been used extensively i goitre

h and have the ad that they make it posstble for a meas-
ured amount of 1odine to be admmstered This method 15 sound 1n prin-
ciple, since 10dine can be stored i the thyrotd gland, and 1s indeed valuable
as a temporary measure 1n periods of increased requurements, such as
puberty, pregnancy and lactation However, since the tablets are given at
intervals and contain amounts of jodine far 1n excess of the daily require-
ments, there 1s a possibility, although remote, of the development of Jod-
Basedow, as described by De Quervain * 1n a girl aged 9 years. Moreover,
as a permanent measure for the greater part of the population the usefulness
of such tablets would be dependent upon the efficiency of the distributing
system and the co-operation of the people, both of which are difficult to
ensure at all times Iodized salt suffers from none of these disadvantages
Whether rural or urban commumties are mvolved and 1rrespective of the
dietary habits of the people, 1t 1s safe and reliable, and is the least expensive
method of providing a continuous supply of 10dine,

Level of iodization of salt

LS T e B .

of salt [t has already been stated that our knowledge of the 10dine reéulre_
ment 1s incomplete  The present method of expressing it 1 terms of body-
weight and age leaves much to be desired It will be readily agreed that the
ideal method of expressing nutnent requirements would be in terms of
bodily functions which depend specifically upon the particular nutrient



398 1. MATOVINOVIE & V. RAMALINGASWAM!

The admimstration of the thyrotropic hormone has been advocated in
selected patients with collord gottres nich in 1odime ** and some successful
results have been obtamed.® We consider, however, that there is no
Jyustification for this form of treatment in endemic goitre, since in such
pauents the concentration of thyrotrapin in the blood is probably already
elevated. Furthermore, the therapeutic effect of thyrotropic hormone, if
any, ts hmuted to rodae-rich goitres which, in any case, would be in the
process of undergotag spontaneous tavolution,

A decrease e the size of sporadic gaitres, tesis to iodine
has been reported followtng adminustration of bismuth salts (Villaverde %)
1t is duflicult to evaluate ths report, however, since the author did not have
adequate contrals.

The present methods of medicat and surgical therapy of goitre represent
a great advance 1n medicine, but they are intended for the treatment of
indwidual patients. Since endemic gottre greatly affects the health and
well-being of whole nations, however, modern treatment should be com-
bined with general goitre prophylaxis. The importance of this prnciple
has been admurably summed up by Marme: % “ The old adage that one
ounce of prevention is worth a pound of cure 1s outdone in the case of
goitre, where one milligram of prevention 1s worth more than a thonsand
milligrams of cure.™

Prophylaxis of Endemic Goitre

Principle of presention

It has already been stated that successful prevention of any disease
depends upon a thorough understanding of its etrology and eprdermology.
It 1s now recogmized that goitrogeme factors mn food may be responstble
for iodine-refractory endemic goitre {Clements %) and that excessive sntake
of caleium salts can be gorrogeme (Taylor ) But none of these advances
has shaken the fundamental principle of the mass prophylaxis of endemic
goitre, which is to increase the ratake of iodine, within limuts of safety, 10
ensure that it not only makes good the defictent intake but also, where
possible, avercames the effects of any gortrogenic factors present.

Tt 18 needless to emphasize that any large-scale programme of goure
prevention should be preceded by a study of the etiofogy of the disease and
an assessment of the degree of 10dine deficiency in that area  There may be
situations where the intake of 10dine per se 15 adequate, bxf: swhere gattee
is still prevalent because of other factors, for example, excassive hafdrfcss of
drinking-water. In such cases, it may be possible to reduce the mcx.dence
of goitre by changing the water-supply from hard to soft water without
increasing the intake of iodime. In undertaking such measvres, however,
the expense involved will be an mmportant factor,
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fesence further recommended that where goitrogentc factors are shown to
be important, the higher level of 1 in 10 000 should be adopted
It would be unwise to recommend one level of todization of salt for
all areas. The level selected for each area must depend, mn the ultimate
analysis, upon a proper appraisal of the various factors mentioned earher.
Generally speaking, the authors are inclmed to agree with the recommenda-
tion of the WHO Study-Group on Endemic Gontre,'® since all available
knowledge goes to show that the human requirement for 10dine 1s prob-
ably less than 100 pg per day In his James D Bruce Memorial Lecture
for 1954, Marne, 2 the pioneer of 1odme prophylaxis, made the followtng
statement: “ Since the dangers of Jod-Basedow are serious in endemic
goitre regions with a high d of ad d gottre, 1t
would seem adwvisable to use (as Switzerland has) a conservative 10dide
supplement (1.100 000) rather than greater concentrations ™ We would
emphasize, however, that suitable adjustments of this level should be made
ding to the local d Indeed, we behieve that 1n the present
state of knowledge 1t may be advisable to use different levels of 10dization
m different countries, and even within the same country, to assess their
relative efficacy 1n controlling goitre
‘Whenever general prophylaxis agamst goitre 1s attempted, prowviston
must be made from the very beginming for assessment of its efficacy. The
assessment may be made by dotng goitre surveys at intervals, supplemented
wherever possible by 1odine metaboltsm studies, including studies with
radioactive 10dine  The pooled expenience of countries ustng different levels
of 1odization will not only be of help 1n finding a rational level of rodizatson
but will also throw Iight on the problem of 10dine requirements

Todine compound for jodization of salt

In selecting the level of 10dization of salt a factor of great importance
1s the punty of the salt In large patts of the world where goitre 1s endemic
the salt habitually used for d 1on 15 unrefined and has a
relatively high morsture content It 1s wsually obtamed ether by solar
evaporatton of sea-water or from salt mines Until very recently, the 10dine
compound used for fortification was erther sodium or potassium 1odide,
more commonly the latter because 1t 1s less hygroscopic. It 1s now known
that the impurities and moisture 1n unrefined salts factlitate the breakdown
of rodides, with resultant loss of 1odine. When using iodides for the fortifica-
tion of unrefined salt, therefore, consideration must given to the amount
of 1odine that 1s likely to be lost during storage, and suitable adjustments
must be made m the level of 1odization Tt has been shown that potasstum
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In the case of iodine, the appropnate phystological function would be the
heat production of the body. It is of interest that ag early as 1929 Orr &
Leitch * estimated that the human requirement for jodine was of the order
of about 20 1o 40 ug per 1000 calories. Reference has already been made
to the wide variations in the estimates of requirement made by different
authors. 1n view of this, it 1s hardly surpristng that the levels of iodization
of salt adopted or Jed for adoy 1 various countries are

widely divergent, as can be seen from the tabulation below.

Country Stipulated level of lodine compound in salt
UsA 1 in 10000, as KI
Canada 11n 10000, as KI or Nal
New Zealand 11 20000, as KI or Nal
Argentina 110 30000, as KI
Mexco 11n 66000, as KI
England and Wales {alt saft) 110 100000, as KI
England and Wales (table salt) 1 40000, as KI
Switzerland 1 1 100000, as KI or Nal
Netherlands 1 100000, as KI
Ttaly 1 in 100000, as K1
Yugostavia [ m 100000, as KI
Poland 11n 200000, as KI

Tt will be seen from the tabulation that the level adopted by the USA is
10-20 nmes as high as that adopted by some of the European countrics.
In selecting the higher levels the Amertcan authorities seem to have been
guided by practreal expenence, based on the proneer studies of Marnne and
Kimball, whereas in European countries the policy seems to have been
based on the available knowledge about the requirements for 1odine. From
published accounts 1t would appear that both the hugher and lower levels of
todizatton have been effecttve 1n controlling the endemic, These accounts,
however, do not permit an assessment of the relative efficacy of each of the
levels adopted

After a careful consideration of existing knowledge, the WHO Study-
Group on Endemic Goitre,'® which met 1n London in 1952, recommended
that on the assumption that the daily consumption of salt is about 10 g and
the salt is dry and pure, it would be advisable to todize the salt with po-
tassium 10dide at a concentration of 1 part of 1odide 1n 100 000 parts of salt.
The Study-Group also stated that where the daily consumption of saft has
been shown to be significantly different from the above figure of 10 g,
sujtable adjustments should be made in the conceniration of the jodine
compound added According to this recommendation, an mdnidual( is
expected to receive about 76 pg of iodime daily from salt alone. The Third
Conference on Nutrition Problems in Latin America,? held in Venezuela
in 1953, recommended that the daily altowance of iodie shoutd be of the
order of 400 pg and concluded finally that the maximum level of lodization
should be 1 part in 10000 and the minimum 1 part in 20 000. The Con~
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gitls, is a sign of abnormality. It indicates that the thyroid gland is unable
to produce the requisite amount of hormone at 1ts normal size and under-
goes hypertrophy and hyperplasta as an immediate compensatory reaction
This compensatory mechamsm, however, is not completely efficient * ™ In
intelligence some goitrous chuldren lag behnd those with a normal thyrard.
Therefore, the prophylaxis of “physiological ” or *juvenile ” goitre 1s
indispensable, for, to quote Marine: 52 “ The prevention of simple goitre
means vastly more than preserving the normal outlines of the neck ™
The decsston to launch a mass control programme agamst goitre usually
presents no difficulty 1n areas of high endemicity in which a substantial
proportion of the population 1s affected and the goitre utself 1s large and
nodular, producmg marked dxsfguratlon of the neck If there 15 cvndence
PO

PR
contronted with situations where the endemlc 15 muld and gmtre 1s largely
confined to the adolescent agc groups. Goitres 1n adolescents are regarded
by many as “ physiological ”, and the question arises Where should one
draw the line? In his survey of goitre preval among sct ild

tm England and Wales, Stocks ® found a “residual” rate for thyrod
enlargement of 1% for boys and 4% for girls aged 12 years, and considered
these figures to be within normal lmuts  Twenty years later, Murray and
her colleagues 5 found a * restdual ” rate of 67 among Enghsh school-
chuldren aged 11 to 15 years However, the occurrence of goitre m adoles-
cents 15 not a nmmal phenomenon, for thls type of goitre disappears as

nme e Tt |

wae-tencent toyrowd gland  Quentdo et al ™ have shown that the 24-hour
uptake of 1 by the thyroid gland can be greatly increased (above 70%)
and the rodine excretion 1n the urine be much reduced (below 25 pg/24 hours)
even though no enlargement of the thyrotd gland 1s detectable on palpation.
Similarly, 1n a study on 53 well-nounsshed, healthy Indians from the Alto
Ventuart region tn the Amazon territory of Venezvela, Roche 8 found
normal thyrords on palpation but an average 24-hour uptake of ¥ of
708% The increased thyroxd uptake of mI in otherwxsc healthy people,
when d by a d of 10dine in the urine,
Justifies the postulation that 1o0dine deficiency may exist and even persist
1n an area without development of goitre in some part of the population.
When 1t 15 remembered that for every person with a visible enlargement of
the thyroid there are at least two 1n whom the enlargement has not reached
the chinical level, 1t will be observed that our suggested criterion for com-
mencing general prophylaus probably errs on the conservative side




402 1. MATOVINOVIC & V. RAMALINGASWAMI

TABLE Y DIFFERENT TYPES OF SALT ENRICHMENT WITH (QDINE

Amount of Salt portion ssium s stur
fodine 10 be | consumption of jodine iadate tadide Percentage
administered |  per caput to be added |(mafkg of sait}{(moike of salt) ot loding
1 59 1. 50000 37 2214 Q02
100 ug wy 1. 100000 1685 1307
[t 1 150000 123 871
5¢ 1. 25000 6740 5228
200 up 0o 1 50000 27 283¢
5y 1. 75000 247 1743
f 50 1 16800 ; wie B2
300 g 109 © owmme | soss 021
? t5g { 1 50000 { 27 2614
I s¢ 1 12500 , 13480 10456
oo g 1 25000 [ 6740 5298
f 5o ] t 37500 r 4492 3285
Molecular welght of KIQ1 = 214 Molecular weight of KI = 166
Atomic weight of 1 - 127 Atomic weight of | _m 127
Converslon factor = 57 = 1685 Comversion factar = 352 =1 307
1685 mg of KiG» contsin 1 mg at { 307 mg of Kt contan f mg of

* Reproduced by kind Permrssion of De J M Bengoa

teen shown 1o be effective in the prophylaxis of goitre.s® It is important
w0 ber that p iodate only 59.37; of iodine whereas
potasstum 1odide contains 76.45%. Thus a salt contaning 1 part of potas-
sium 10dide in 100 000 parts is equivalent in its 1odme content to one

ining { part of p iodate 1 78 000 parts of salt, Table If,
compiled by Dr § M Bengoa, gives the proportions of iodine to be mixed
with the salt, based on the average salt intake.

Indications for general prophylaxis

¢ may be asked why endemic goitce should be prevented. Is it so signifi-
cant from the public health point of view as to justify the effort and expense
involved 1n sts control? A detailed consideration of the scope of health
problems directly attributable to endemuc goitre is beyond the scope of
this paper and will be found elsewhere. It may be stated here, hawever,
that in our opinion any chucally detectable enlargement of the thyrotd,
however mild and * sifent * it may be and even if it is confined to adolescent

@ See the chapter Health significance of endemic goitre and related ronditions on page 238 of this
monograpi
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TABLE Il PROPHYLAX!S OF GOITRE OF THE NEWBORN IN BERNE,
SWITZERLAND *

Relative
Mean
eneriodof | weight of thyroia | weiohtof thyroid
@ body weight)
]
1900-1914 l 999 | 243
Without prophylaxls 1915-1919 854 | 300
1920-1924 ' sag ! 312
L
With partial prophylaxs s | 699 221
1930-1534 ‘I 613 198
With general praphylasis 19361938 ] an 128

* After Pradervand ™

per kg of salt has thus proved sufficient to meet the needs of all the children
and prophylaxts has been completely successful

Adults The influence of 10dine prophylaxis on the mean weight of
nodular goitres in men and women of vartous age-groups 1n the canton of

TABLE IV SIZE OF THE THYROID GLAND OF SCHOOLCHILDREN IN LAUSANNE,
SWITZERLAND, FROM 1923-1937*

Thyroid

ot | tumberr oot O R R o
1923 383 ’ 423 515 62
1924 3715 456 430 64
1925 310 452 490 58
1928 323 452 506 42
1927 317 442 499 59
1928 322 565 3\2 53
1929 508 819 167 14
1930 435 887 "na
1931 270 900 100 °
1932 270 944 56 [\]
1933 251 960 40 0
1934 221 973 27 o
1935 231 a7 13 o
1536 212 %67 33 Q
1937 285 993 07 L]

* Ahter Wespi ' from data compiled by F M Messer
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Complications

Iodism and Jod-Basedow are t bered as plications of the earlier
prophylaxis of goitre with large doses of iodine. The present-day prophy-
laxis of goitre is completely free from such problems. This has been proved
by the experience 1n Switzerland * Our remarks on the development of
1odism and Jod-Basedow 1n the course of goitre treatment are also relevant
to goitre prophylaxis,

Recent Work on Goitre Prophylaxis

The recent work on the treatment and prophylaxis of endemic goitre
is so abundant that most of 1t cannot even be mentioned 1 this chapter.
The two studies described below will serve as examples of the wealth of
experience now accemulating in all parts of the world

Switzerland

Impressive work on endemic goitre prevention has been accomphshed
in Switzerland under the superviston of the Swiss Goitre Commission, As
early as July 1922, the Swiss Munustey of Public Health had recommended
the introduction of wadized salt to all cantons. On the proposal of the
Swiss Gottre Commussion in 1923, both non-iodized and jodized salt were
made available, the latter containing S mg of potassium iodwde per kg.*®
The consumption of 10dized salt gradually mereased and 1n 1934 it amounted
to 909 of the total salt consumption.}® In several cantons todized salt
only is used, and tn some this 1s obligatory. In 1951, the Swiss Goure
Commusston accepted the proposal that the level of iodization should be
i d to 10 mg of p todide to 1 kg of salt, but so far only one
canton has followed this suggestion ot

The results of this preventive measure have been excellent, and a con-
siderable decrease in goitre prevalence has taken place in all age-groups

- . T4 Calaut it e Lo cennidae tha hact vardstick
“ . . . yrotd
. sand

Anatomy in Berne, has determined the mean werght of the thyrord of the
newborn over a period of 30 years From the results, shown in Table 111,
he has luded that the introduction of prophylaxis with jodized salt
containing § mg of potassium iodide per kg has considerably reduced the
prevalence of goitre but has not prevented goitre completely,
Schoolchildren. Data for schoolchildren in Lausanne covering the
petiod 1923-1937 have been compiled by Messerlt and published t.)y Wespit®?
(Table IV). It will be seen that the percentage of children with nf:rma]
thyroids has risen from 42 3 to 99.3 and that, since 1930, none of@p ch}ldren
has had a visible gortre. A level of 10dization of 5 mg of potassita ladde
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Central America

This study is descnbed because 1t has yielded excellent information on
the p of p jum jodate and p i 1odide
mthe t and p of end gottre. In 1951 1952 Scrimshaw
et al ¢ of the lnsmutc of Nutntion of Central America and Panama con-
ducted a very well controlled study in El Salvador and Guatemala. Children,
aged 5-14, 1n two rural schools i El Salvador and one school in Guatemala
were surveyed. 811 children n El Salvador and 197 1n Guatemala were

ined by two i dently The freq) y of gortre was
found to be 34% and 57% respectively The children were divided into
3 practically equal graups One group was gtven placebo tablets containtug
dextrose, the other two groups were given tablets of sumilar appearance
g 65 mg of 1odide and 8 5 mg of potassium 1odate
respectively to supply each group with 5 0 mg of 1odine  This dose of 10dine
corresponds to a daily consumption of rodized salt at a level of 1 part per
10000. All tablets were distributed once 2 week Durmg the three treatment
‘penods of 15 weeks and 20 weeksin El Salvador and 25 weeks in Guatemala
no significant change in the goitre rate was observed in children recerving
the placebos. In those receiving potassium 1odide, the goitre rate was
reduced by 40%, 33%, and 60%, whereas 1n those recetving potassium
1odate 1t was reduced by 44%, 44 %, and 69% during the three treatment
periods.

Four weeks after the expertments were concluded, the protein-bound
iodine mn the chuldren who had recewved placebos, potasstum rodate and
potassium 1odide was 2 68 pg+120, 51 pg +1 19 and 497 pg-+104 res-
pectively

After the treatment had been discontinued for 16 weeks the prevalence
of goitre 1n the Guatemala group returned to the onginal pre-treatment
value No differences in the values of protemn-bound iodine were found 1n
children with or without goitre

The authors ded that p 10date and p iodide
doses containing equal amounts of 1adme are about equally effective i the
treatment of endemic goitre. As potasstum jodate is more stable than
potassir 10dide, the authors suggested that 1t should be given preference
1n the iodization of salt, especially 1n tropical and humid regons,

Conclusion
Mmoo e 3e o e et eae e, .-
Endemic goitre 1s now ded as a

. to a variety
of factors in an effort to marntain homeostasis, rather thanasa stattc disease
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Vaud is shown 1n the accompanying two graphs taken from the paper by
Nicod.** A very rapid and substantial decrease 1n the average weight of the
thyroid is evident in both sexes, with a somewhat more pronounced effect
in men At the same time it will also be seen that whereas prior to 1924,
nodular gottres were found in very young individuals, in 1936 no nodules
were found tn either men or women under 25 years of age By 1946, no
cases of nodular goitre could be found 1n men under the age of 35 and only
two excepttonal cases in women under 40 years of age.

MEAN WEIGHT OF NODULAR THYROIDS IN ADULTS OF DIFFERENT/AGE-GROUPS IN THE
CANTON OF VAUD, SWITZERLAND, BEFORE AND AFTER THE INTRODUCTION OF IODIZED
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entity, and jodine 1s recognized as an indispensable mineral nutrient rather
than as a pharmacological agent in the treatment of goitre.

Effective and practicable measures for the control of goitre were known
long before their rationale was understood. The situation today is com-
pletely reversed. Advances in our understanding of the etiology and patho-
genesis of goitre have far outstripped the progress made in its control.

Marine’s oft-quoted aphorism stll bears repetition: “ Simple goitre is
the easiest of all known diseases to prevent.., It may be excluded from the
Iist of human drseases as soon as society determines to make the effort.”
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IODIZED SALT

J. C. M HOLMAN, BSc, FRIC, MI.ChemE* &
Willam McCARTNEY, Ph D (Edin), FRIC*

Since 1t 15 almost umiversally agreed that lack of 10dine 1n food and
drinking-water 1s the primary cause of simple endemic goitre, the obvious
method of preventing the disease 1s to make good the deficiency. Prevention
of goitre by admumstration of roding is practised, therefore, chrefly to meet
an absolute environmental deficiency of todine, but it 1s equally effective
where the disease results from factors which tncrease the normal 10dine
requirement Admemistration of 10dine on a community scale, 1t should be
noted, 1s undertaken no¢ in order to alleviate exssting gostre (although such
admimstration may have useful effects 1n this direction also) but to limut
and prevent the development of the disease

At vanous times and 1n various places, divers means have been adopted
for mass admrustration of 10dme In the Argentine,*? the Netherlands,
the USSR % and the USA 52 water supplies have been 1odized, and in
Australia,®® the Netherlands’” and the USSR®. % jodine has been
admimstered 1 bread. On some occasions, chocolate, milk (or skim mulk,
dried), or tablets contatning added rodine have been distributed to school-
children and others And, quite recently, 10dized oil, given by smjection, has
been suggested * for use 1n parts of New Guinea which are not easy of
access, 1t having been claimed that a depot of 1 ml of the ol (10dine content
40%) would provide a continuous supply of iodine over a penod of two
years All these methods, however, suffer from disadvantages of one kind
or another (1odizatton of a publie supply of drinking-water, for example, 1s
probably costly and wasteful although successful) and, as Kimball,3s
affirmed 1 1938, * the most practical method yet devised  of adding * an
exceedingly small amount of jodine to our food ” is to consume iodized
salt The only instances where this would not apply are in countrtes such as
Tharland,” where common salt is not used m the households,

Some naturally occurring sources of sodium chloride, it 1s true, contain
appreciable quantities of rodine but the proportion is seldom sufficiently

"% Clulean fodine Educational Bureau London
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followed, however, and the later recommendations by Grange * and
Kostl 42 were likewise distegarded  In 1885, Franz Kdstl, director and chief
physician of the Royal and Imperial Lunatic Asylum in Prague, appealed
to the Austnan Minster of the Intenior to supply cheap sea-salt or jodized
salt to the mbabitants of the regions of Styria where cretimsm prevailed
He had found that out of a population of somewhat less than one mil-
lion, nearly 6000 were cretins. It has been stated !* that heavily jodwzed
salt was used for a tme mn Austna, France and Italy about the middle of
the 19th century, but 1t was not until the second decade of the 20th century
that 1odized salt was again recognized as the best medium for conveying
additional dietary 10dtne to those in need of it This was due almost entirely
to the work of Marine and Kimball, who demonstrated the complete
effectiveness of 10dine as a goitre prophylactic and secured the introduction
of 10dized salt on a commumty scale in Michigan and Ohio % 4. #5 47
Their work sttmulated the re-introduction of 10dized salt 1n Europe. On
the recommendation of the Swiss Goitre Commussion the use of 10dized
salt was commenced 1n various cantons in Switzerland dunng the years
1919-24 ¢ 1In Jtaly measures were adopted 1n Valtelina 1n 1928 Somewhat
later (1933-37) official sanction was given to the sale of 1odized salt i
Canada, New Zealand, Poland and the Netherlands, and other countries,
notably the Central and South American republics, rapidly followed suit,

Extraction and Refining of Salt

Crude salt, usually contaimng constderable proportions of mmpunty,
has been muned or extracted from brine either by solar evaporation or by
evaporation over fire since a very early period 1n human hstory and such
salt 1s still extracted and used as food today by primittve peoples and 1n the
less developed countries Moreover, n the mdustnally advanced countrees,
smpure salt such as rock salt 1s mined and used without punfication for
other than nutntional purposes However, 1n those countnies which have
important salt-manufacturng industries, the greater part of the salt used
for domestic purposes 1s produced by the evaporation of brine, erther in
open pans or in multiple-efiect evaporators * 1n which water 1s removed
under reduced pressure to yield the so-called “ vacuum ” salt

In the open-pan process, the brine 1s run mto large, shallow, wwon pans
heated directly by solid fuel. The vaneties of salt which separate differ
considerably according to the temperature at which the separation of the
crystals occurs—the higher the temperature, the finer the gramn of the salt
deposted  ¥f it 15 desired to prepare hump saly, the matenal which crystal-

8 It was behieved 1 Swuzerland that the 10dization of salt could be accomplished extremely easity and,
¢ fiest to the salt, rubbed

and stirred fof one of two nurvtes  Later,

the solution 0 to the salt in a shaking

evaporating pans *

‘when the scale of the operation was greatly mereased they sprayed
‘machine or, altenatively, added potassium 10dide (0 brine 1n the
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high to be of value for goitre prevention, although salt water is used pro-
phylactieally with success, after concentration, by the people of the Kelabit
country in Sarawak.? As the sea 1s not rich in yodine, sea-salt is a very poor
source of this element, however, by far the greater proportion of it being
left behind in the mother-iquor during separation. Kimbail's view has been
accepted almost everywhere and 1odized salt 1s now recognized by goitre
authorities 3 a5 the most convenient and most effective vehicke for the
dmrnistratron of suppl tal 1odine I iodized salt were introduced
everywhere for domestic use as a permanent measure m pubhc health,
simple goitre would become a disease of the past This fact is ateepied
today by the public health officials in the endemic goitrous arsas of the
world and the governments of many countries have taken or are mitiating
steps to ensure the provision of 1odized salt mn their territones. Already,
959 of the table sall retailed in New Zealand 2 s todized and in the United
States of America about 80% of the houscholds use jodized salt.”” It is
reported that, it Ceylon, atf edible salt is 10 be jodized,® Several Central
and South American states (Argentina, Brazil, Colombta, the Dominican
Republic, Ecvador, Peru) produce farge quantiies of 10dized salt. More or
less compr i of 1odization have been undertaken in several
European countries (especially those of eastern Europe), as well as in the
USSR Australia, China, India, Rhoedesia, and the Union of South Afica
(In the United Kingdom, however, only 1%-2% of the table salt sold ¥s
sodized) In some cases, there are even salt substitutes on the market
(e g.. ithwm chloride or potassium chloride) containing added iodide.
This degree of success in secunng the adoption of measures for goitre
prophylaxis has not been casily or rapidly achieved, however, and althongh
1t has rarely, s ever, been shown that the minute proportions of 1odne i
sodized salt have any adverse effects, either on the human organism or on
foods which may be flavoured with the salt, opposition 1o its use has been
expressed from time to time, parttcalarly by the few who refuse to regard
1odwne deficiency as the primary cause of gorre. A recent Jester from
Greenwald 2 to the editor of the Lancet restatng this posnt of view has
been answered by Taylor."®
The general use of jodized salt in a goitrous area was first proposed by

the distinguished French mvesti Jean Baptiste Joseph Dieudonné
Baussingatlt * (1801-1887) in the year 183}, Having abserved o * ternfying®
auraber of sufferers from goitte in the cordilleras of New Grenada (now
Colombia) where he was then working for an Enghsh mming firm, he con-
Jucted some tesearches into the cause of the disease and reached the
{ollowing conclusians “ I consider it certain that goitre would disappear
from the Corduleras if the anthorsties would take appropriate steps to have
established in the capital of every canton where gojtre is endemic, 2 depot
of salt containing iodine whither every inhabitant could ga to buy such salt
as he required for his consumption,” This advice was apparenily mot
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produced by continuous vacuum-cvaporatton of brine 1s very easily and

i ily iodized by spraying with an solution of an todine
compound, and this method 1s adopted 1n the Umited Kingdom and other
countries where important salt-manufacturing dustries exist

*“Vacuum ™ salt and any other fine salt may also be 1odized by dry-
miung, batch processes, but thesc are expensive by companson with the
spraying techmque and are not recommended for large-scale produc-
tion.

Crystalline salt, made by heated open-pan evaporation of brine, can be
1odized by regulated additions of small proportions of potassium 10dide
solutsons to the brine. This can be undertaken effectively either in con-
tinuous processes or batch processes. A high degree of analytical control
15 required to achieve umiform i1odization of the salt output For this
reason, it is usually preferred to todize open-pan salt by dry-mixing
processes

In the Netherlands East Indies, blocks of salt are successfully 10dized 1®
by moistening with an aqueous solution of potassium todide and sodiem
thiosulfate (1 ml per block) However, the coarse crystalline products
obtained by crushing rock salt or by the solar evaporation of brine, which
are the only types of salt available in many of the endemic goitre districts
in the less developed areas of the world, cannot usually be 10dized by the
methods already mentioned Continuous, large-scale spraying techniques
generally involve conveyor mechamsms and, as a rule, are designed to treat
fine, free-flowing salt. Dry-mixing processes are lihewise chiefly applicable
to fine grades of salt and provide for the addition of non-caking and
stabilizing compounds 1n addition to the 1odizing agent. Moreover, the
addition of solutions of 10dine compounds to brne 1s convenient only
when the evaporation proceeds at 2 predetermined rate, as 1n heated, open-
pan p A dingly, all these are, 1n general, unsurtable
for the 10d1zation of the coarse salts consumed by the inhabitants of the less
developed countries, apart from being too expensive It has therefore
been a major consideration of the World Health Organization, m its studies
of the endemic gowre problem, to prowide a smtable method In wiew of
this extremely wmportant matter, a new type of dry-mixing process was
introduced a few years ago by the Chilean Todine Educational Bureau,
London, and, more recently, a novel method and machine have been
designed and operated i Mexico The simple, cheap process devised by
the Burcau has proved entirely satisfactary and 1s now bemg operated in
Central and South America, India, Rhodesta, the Union of South Aftica
and Yugoslavia. The plant required 1s tnexpensive and the procedures,
which can be adapted to meet a variety of conditions, are believed to be
emunently suitable for inteoduction into many endemic gowtre areas of the

world where large-scale salt-manufacturing facthities do not exist but local
sources of crude salts are avarlable.
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fizes 1s withdrawn and placed, while still hot, in wooden moulds where salt
m the adherent hquid continues to separate, binding the whole into solid
blocks. These can then be thoroughly dried in 2 hot chamber and sub-
sequently crushed and screened if necessary. This type of salt can also be
made free-running by incorporating the requisite amount of magnesium
carbonate or other agent which will prevent caking.

The “vacuum ™ process has ad ges over the op D
methods in that 1t can produce a far greater output of salt at a lower cost
and can be operated on a continuous basis, mvolving the minimum of
labour. Even if these advantages did not exist, the fine, uniform grain-size
of “vacuum ” sait and s free-running property are such considerable
marketing assets that they would ensure its successful competition with other
grades of salt 1n commumnities demanding a lugh-quality product. In this
process, the natural brine is first freed from calcium sulfate and magnesium
chlonde by treatment with lime and soda ash. It is then run into large,
triple-effect evaporators into which Iive steam js admitted, with the resnlt
that the iquid rapidly botls. The steam from the first evaporator is passed
mto a second and thence 1nto a third evaporator, heating the bnine in these
also, 1n the final evaporator, the steam Is removed by a pump which reduces
the pressure throughout the system in such a way that pressure and tem-
perature are lowest n the third evaporator and highest mn the first. The
fine-grained salt which falls to the bottom ( all the evaporators is removed
mechanically and conveyed first to hot-air driers and then to screeming
plant. As an mndication of the saving effected, 1t may be mentioned that
whereas one ton of coal 1s required to produce 235 tons of open-pan salt,
the same weight will produce 5-6 tons of * vacuum ~ salt, or more if waste
steam from another process 1s avatlable 3 The vacuum process, 1t should
be noted, cannot be used if salt in the form of large crystals 15 required.

Production of Todized Salt

In 10dizing salt, the object is to add a predetermined, very small pro-
portion of an rodine compound jn such a way that it js umformly and effect-
ively mixed with a very much greater bulk of matenal so as to produce
2 homopeneous muxture which 1s preferably non-caking and, 1n any case,
capable of withstanding any tendency for the constituents to segregate
Essentially, there are three methods of achieving this object: spraying,
dry-rarang, and the treatment of brine. The processes are ipexpensive
aud comparatively sumple, so that effective action by public health author-
ities, with the support of their governments, can ensure that jodized salt
is made available 1 any part of the world. The method chosen .wm depend
on various factors, such as the quann‘tyAand typc‘ o!‘sa]t to be iodizzd, the

d the
customs and pr of the g pop an
conditions in the country where the process is operated. Thus, the fine salt




1ODIZED SALT 417

work. The tank 1s connected to a compressed-air supply to permit the solu-
tion to be sprayed at constant pressure and provide accurate control of
the process. In the final drier the salt is stirred by paddles attached to a
horizontal shaft, and by this operation uniform fodization of the salt is
ensured. As the small moisture content resulung from the addition of
the spraying solution is completely removed in the drier, the potassium
iodide remains in physically intact relation with the salt and is not subject
to the segregating effect which may occur in dry-mixed material owing to the

lif in the specific gravities of p ium iodide and sodium chloride.
The spraying process is decidedly more economic than the dry-muxing
process. It also permits easy changes in the level of iodization to accord with
the varying requirements of authorties in different parts of the world, as
accurate control of the jodine content of the final product may be achieved
by adjusting the concentration, volunte and pressure of the spraymg solu~
tion, the diameter of the nozzle orifices, and the speed of the comeyor.
Moreover, the product, besides being dry and free-flowing, requires no
gnnding, sifung, drying, or mrung before being packeted.

In Austriz, a portable salt-iodizing machine capable of handimg
15 000 kg of salt in 8 hours has been used by the authorities of the Austrian
State Salt Works. In this machme, salt 1s lifted from the stock bunker by
means of a bucket elevator on to a conveyor belt which passes under a fine
spray of dilute potassium 10dide solution. A worm screw then mixes the
iodized salt. The potassium iodide solution is dehvered drop by drop
from a container provided with a narrow-bore outlet pipe and spraying
1s effected by compressed air. This plant, it scems, was first used in the year
1925.%

A larger Austnan plant (Flg 2), manufactured by Maschinen- und

lagen Gmb H, has an hourly output of 5000 kg

'l'h: paddle—screw miter in this plant 1s about 22 m Jong. The 1odizing

solution (50 g of potassium 10dide 1 five hitres of distilled water) is sprayed

on to the salt at a pressure of three atmospheres, and the usual level of
d is one part of p iodide to 200 000 parts of salt.

The todization process * successfully used in the Ural regons of the
USSR for fourteen years or more differs 1n some ways from the Bntish
and Austnan methods In particular, the Russian plant (Fig 3 and 4)
ncorporates a crusher into which the potassium jodide solution (25 g of
potassium 1odide per ton of salt) is sprayed from a curved pipe having eleven
nozzles which disperse the solution in the form of a fan-shaped jet. No
additional pressure 1s applied to the tank containing the solution which
consequently emerges at a pressure corresponding to the head of liquid.
In the crusher, high-speed enndmg and muxng proceed simultaneously,
while further thorough mixing is effected in the worm-screw conveyor fitted
with nght- and lefi-hand paddles into which the salt is discharged. This
plant treats 1520 tons of salt in eight hours. It is simpler and cheaper than
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Free-Running Salt
Spraying process

The spraying method, which is continuous, forms part of the routine
operation of “ vacuum ” salt production and 1s probably the most satis-
factory for large-scale practice, although it has been claimed *! that con-
tinuous muxing does not yeld so uniform a product as does the batch,
dry-mixing method,

When the salt leaves the vacuum evaporators it 1s discharged into a
rotating filter and then conveyed to a final drier for the complete removal
of moisture. Satisfactory and uniform iodization of the salt is achieved by
spraying a solution of potassium jodide on to the salt as it passes along a
conveyor-belt prior to 1ts entry into the final hot-air drier. The stmplicity
of the operation 1s demonstrated in Fig. 1, which shows salt from the
vacutm evaporators passing along the conveyor-belt under a series of spray
nozzles through which the todide solution is delivered in the desired
proportton,

FIG 1 10DIZATION OF FREE-RUNNING SALT BY SPRAYING WITH POTASSIUM
IODIDE SOLUTION
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The equipment used in Britam consists merely of a small storage t.:mk
for potassium t0dide solution, the spray nozzles, and the necessary pipe-
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FIG. 3. MANUFACTURE OF 10DIZED SALT IN THE URALS

. Tank in which powssum jodide 1s 9 Emergency pipe
dissohed 10, Pressure pipe for potassum sodide
2, Pressure tank " :Col:l'l:)"” ber
onvey:
2 gup;’:a}t J.,v,r pressure tank 12, Fommer erusher
- Ceminjugal pump 13, Worm-screw comeyor
5 Delivery pipe

14, Potassium rodide sprayer
6. Orerflow pipe 15. Hopper for feeding crusher
1. Washing pipe 6 Working table

©  Efectric mofor for stirrer of wodhide tank 47 Stoch of dry salt

Reproduced from Mitjatma®®
FIG 4 PLAN SHOWING THE ARRANGEMENT OF THE EQUIPMENT FOR THE

10DIZATION OF DOMESTIC SALT AT THE MOLOTOV REGIONAL ANTI-GOITRE
STATION

= — - o

1. Muxmng plant
2 Drying chamber for salt

4 Rack
5 Narrow-guage road
3 Comeyor belt

Reproduced from Mitjatin **

the machine installed at Leningrad If the salt produced 1s properly packed
1n strong paper bags (usually contaiming 1 kg) or boxes and kept 1n dry
rooms, the jodide content does not fall below the standard value during six
months, but this storage petiod should not be exceeded
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are placed 1n the mixer and slowly mixed for three minutes. Brine (150 ml)
having a specific gravity of 1.110 and containing 1.25 g of potassium iodide
is then sprayed on to the salt by means of compressed air at 2 pressure of
two atmospheres, this process occupying two minutes. Mixing ts continued
for a further five minutes, after which another 200 kg of salt are added and
the muxer again set 1n motion for ten minutes more. Itis claimed that salt
o treated remarns unchanged for months but, apparently, only if very dry
salt (moisture content 0.2%-0.3%) is used

Stahilized iodized salt has been prepared by spraying methods 1In one
process, 4 mixture of potassium iodide, hydrated sodium thiosulfate, and—
if the muxture is not jently alkal tic soda is the spraying
medium ® The mxture 1s ined at a P ding 48°C
to liberate the water of crystallization of the sodiim thuiosulfate. This
water s sufficient in quannty to dissolve all the constituents and thus provide
a Iiquid medium which is sprayed on the salt as 1t passes to the final drer.
In another process, a portion of the salt to be todized 1s sprayed with a
solution containing potassium todide, sodium bicarbonate, and magnesium
carbonate.® The treated salt 1s then dry-muxed with the remaining portion
of the salt to provide a final product which 1s claimed to possess the mad-
mum desirable charactenstics in regard to stability and vrformity of
todization

Plant for the spraying process is offered for sale at prces ranging from
£2500-£3000 (70008400 US dollars). One of the manufacturers (in
Swatzerland) supplies machmery capable of 10dizing as much as 4000 kg
perhour In this plant, the conveyor band moves at about 1.2 m per second
The electric drving motors used are totally enclosed so as to protect them
from salt dust, and all the equipment, which is constructed of suitable
material, has 2 thick coating of special varnish to prevent or diminish
possible attack by the salt.

Dry-mixing process

The iodization of salt by the direct addition of finely powdered

todide in with stabiizing and drying agents is a

widely adopted dure and 1s especial W y for the p it
of relatively small stocks

The general meihod, which is essentially the same as that described
first by Hirschfelder 3 and then by Geagley,® 1s to prepare a stock muxture
of ground potassium iodide, a stabilizer, and a drying agent such as s
usually icluded in free-running salts. The required quantities of this
mixture are then added to batches of salt. Since the amount of drying agent
used 1s considerably greater than the quanuty of iodide, this procedure
resulls n a very satisfactory uniformly jodized product,

The quanuty of jodide added to the salt wll, of course, vary from
country to couatry ding to the dati of the medical
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In another Russian method,* based on investigations at the Sowet
Central Scientific Salt Rescarch Laboratones, iodization is effected in
centrifuges by means of a sol of p i jodide i
0.24-0.26 g per titre) but this process appears not to involve spraying The
salt used in the investigation contained 4 05{-4.5% of moisture. It was first
washed with purified brine in order to prevent accumulation of sodium
sulfate. The level of jodization was 1:100000. Spent iodizing solution
was re-ised several times, best results bewng obtained with five-fold re-use

Still another spraying process (non-continuous), in which a mixer is
used instead of a conveyor, is described m German Patent Specification
No. 627,061 of 1936 58 (Preussische Bergwerks- und Hutten-A.G., Berlin)
which also includes a diagram of the hine used (Fig. 5). 200 kg of salt

FIG. 5. MACHINE FOR THE 1ODIZATION OF SALT USING A MIXER IN PLACE
OF A CONVEYOR
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are placed in the mixer and slowly mixed for three minutes. Brine (150 ml)
having a specific gravity of 1,110 and containing 1 25 g of potasstum jodide
is then sprayed on to the salt by means of compressed air at a pressure of
two atmospheres, this process occpying two munutes. Mixing 1s continued
for a further five minutes, after which another 200 kg of salt are added and
the mixer again set in motion for ten minutes more. It 1s claimed that salt
$0 treated remains unchanged for months but, apparently, only 1f very dry
salt (mosture content 0,2%-0.3%) is used.

Stabilized 10dized salt has been prepared by spraying methods. In one

process, a muxture of p 10dide, hydi sodtum thi and—
if the mixture 15 not 1y alkal tic soda is the
medium ¥ The muxture 1s data ding 48°C

to liberate the water of crystallization of the sodum thiosulfate This
water 1s suffictent in quantity to dissolve all the constituents and thus provide
2 liquid medium which 1s sprayed on the salt as 1t passes to the final drier
In another pracess, a portion of the salt to be 1odized 1s sprayed with a
solution containing potassium 10dide, sodtum bicarbonate, and magnesium
carbonate 8 The treated salt 1s then dry-mixed with the remaining portion
of the salt to provide a final product which 1s claimed to possess the maxi-
mum desirable characteristics 1n regard to stability and uniformity of
1odization,

Plant for the spraying process 15 offered for sale at prices ranging from
£2500-£3000 (7000-8400 US dollars) One of the manufacturers an
Switzerland) supplies machinery capable of todizing as much as 4000 kg
per hour. In this plant, the conveyor band moves at about 1 2 m per second.
The electne dnving motors used are totally enclosed so as to protect them
from salt dust, and all the equipment, which 1s constructed of sutable
material, has a thick coating of special varnish to prevent or dimimsh
possible attack by the salt

Dry-mixing process

The iodization of salt by the direct additton of finely powdered

10dide 1n with stat and drying agents is a

widely adopted dure and 1s especially y for the
of relatively small stocks

The general method, which 1s essentially the same as that described
first by Hirschfelder  and then by Geagley,® is to prepare a stock mixture
of ground potasstum 1odide, a stabilizer, and a drying agent such as is
usually included 1n free-running salts The required quantities of this
mixture are then added to batches of salt. Since the amount of drying agent
used 15 considerably greater than the quantity of 10dide, this procedure
resulls 1n a very satisfactory umiformly jodized product

The quanuty of iodide added to the salt will, of course, vary from
country to country ding to the d: of the medical
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authorities, but the following outline, based on a recopnized method of
mannfacture, will serve to indicate the necessary process operations:

97.75 pounds (44,3 kg) of calesum phosphate and 2.2 pounds (1.0 kg) of
potassium jodide are mixed together and ground to pass a 100-mesh sieve,
One pound (045 kg) of this mixture 15 added to 199 pounds (90.2 kg) of
dried salt, which 1s then mixed for sufficient time to give 8 umform product
as determined by analysis. As aa added assurance of obtaning a uniform
final product, some manufacturers prefer to incorporate the iodide-phos-
phate muxtare in two stages, first thoroughly mixing it with about 25% of
the salt and then adding the remaimnder of the salt.

Accurate control 15 essential at each stage of the above process. It is
wmportant that the master-batch be carefully analysed for uniformity of
todtne content, a number of samples of the finushed product should be tested
from each batch.

Commercial phosphate mixes better with salt than do most drying agents
and 1t also has some value as a mneral dietary adjunct. A special grade of
baste trreal phospl with a composition approaching Cas (POy):
Ca(OH),, 15 manufactured for use i the prepacatton of iodized salt.t This
substance ss more alkakne than ordinary commercial calcium phosphate
and its use is clarmed to confer enhanced stability and improved freg-run-
nung qualities. However, a wide variety of other materials can be used as
rodized-salt condittoners. They include magnestum carbonate, sodium bicar-
bonate, sodtum carbonate, caleim carbonate, activated carbon,® and, for
10dized cattle licks, even viscous sugar syrup.®® One satisfactory process
utilizes a muxture of 90% by weight of potassum iodide, 874 of caloium
carbonate, and 2% of calcium oxide.*

Excell 1 can be achieved also by the University of
Wisconsin process,?® wiich consists tn the additton of small quantities of
sodium carbonate, starch and sodium thiosulfate, Another widely adopted
method of ensuting the stabilization of iodized free-runnimg salt produced
by the dry-mixing process for Itvestock is to mill calcium stearate with the
p 1odide whereby the water-insoluble stearate surrounds each
particle of the powdered 10dide and protects it from moisture.™ Although
calcium stearate 15 non-toxic and may be ingested in reasonable amounts
with complete safety, 1t could be used for human consumption oaly if
permitted by health authorities.

In the USSR # tests with apparatus for dry-mixing Jed to the conclusion
that centnfugal and cascade mixers were more economical than barrel
mixers and also that the best method of preparing the stock mixture was 10
2dd a small amount of potassium 1odide solutton to dry salt.

The lties involved 1 dry g very unequal quantities of two
solids have been discussed by Bloom & Livesay who.have also provided &

mathematical model for calculating the particle size necessary to ensure
even distnibution at various levels. In this connection, 3t Is worthy of note




I0DIZED SALT 423

that both potassium iodide (specific gravny 3.13) and potassium 1odate
(specific gravaty 3.89), the pound: ly used for 10d

are appreciably heavier than sodium chlondc (spectfic gravity 2.16). (In
France, salt may be jodized with sodumn rodide which has a specific gravity
of 3.7)

Treatment of Brine

A third, though less important, method of 1odizing salt 1s to add
potassium iodide solution to the brine duning production of open-pan salt
m sucha way thata prede\:rmmcd concentration of the 10dide 1s maintained
m the mother-lig h the Je ion process. To achseve
satisfactory results 1t 1s necessary to mamtam accurate analytical control,
and the method is suitable only when skilted labour and adequate laboratory
facilities are available

Inthe ev. of brine the salt crystals formung
at the bottom of the pan are removed at frequent intervals by means of
perforated shovels and allowed to drain on the floor or on racks placed
beside the pans A certamn proportion of mother-hiquor remams adherent
to the salt crystals, and, taking advantage of this fact, the process provides
for the 1odization of salt by the addition of potassium rodwde to the orgnal
brine 1n such a proportion that the final volume of mother-hquor adherent
to the salt contains sufficient 10dide to give the desired level of 10d1zation.5t
The proportion of adherent brine will depend on the precise conditions
adopted for salt production When this figure has been ascertained by
Toutine tests, 1t requires only a straightforward calculation to determine the
potassium 10dide content that must be mamntained m the mother-liquor.
It 15 preferable to pump the potasstum 1odide solution into the brine supply
before delivery into the evaporating-pan If the feed and evaporation rates
are carefully controlled, very umform iodization of the salt can be achieved,

By a similar techmque it 1s also possible to 1odize salt produced by
batch open-pan evaporation of brine, and this method has been adopted 1n
Colombia ® To each batch of brine, dilute potassium sodide solution 15
added n such quantity that the small volume of mother-liquor remaining
adherent to the final salt product removed from the pan contamns the
necessary concentration of 1odide to provide the desired level of 10dization
in the salt. The residual mother-iquor 1 the pans 1s re-used with further
stocks of fresh brine and thus no loss of 1odide 1s incurred

The need for skilled supervision renders the above type of iodization
process more expensive than dry-mrxng and 1t cannot be regarded as
suitable for general adoption

If 1t were possible to discover a cheap, harmless 1odine compound which
would crystallize from brine together with salt and in the required very
low proportions, 10dized salt could be produced directly from the brine,
and dry-mixing, spraying and the form of brine treatment Just described
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would be unnecessary. Inorgamc iodine compounds, however, have
mappropriate solubilities, are poisonous, are t00 expensive, or are otherwise
unsuitable; and it seems probable that organic compounds would suffer
from similar disadvantages

Crystalline Salt
Dry-mixing process
Most of the salt consumed throughout the world is crystalline salt
b d by heated open-pan or solar evap ion of brines. Indeed, the
fine free-running salt regarded as a domestic necessity in countries with
high living standards 1s quite unfamiliar to most of the inhabitants of the
world It would be too expensive for their use even if jt could be made
available and, 1n some cases at least, the salt producers and sellers as well
as the population would regard 1t with misgiving or might even resist
using 1t.

The 1odization process devised by the Chilean Iodine Educational
Bureau, London, and the Mexican process, both of which take account
of these pomnts, have already been mentioned. These processes, and the
machines used, will now be described

The flow-sheet in Fig 6 illustrates the strarghtforward layout and method
of operating a plant designed by W. Gardner & Sons Limited, Gloucester,
England, to produce about 10 tons (10 000 kg) of iodized salt in a working
day. The present cost of the complete plant is about £420 (1175 US dollars)
Where greater outputs are required, plants of similar design but capable
of producing up to 25 tons (25 000 kg) per day can be supplied at a slightly
higher price.

Coarse crystalline salt is fed into the hopper of the bulk feeder at the
rate of approxumately 1 ton (1000 kg) per hour and passes o the enclosed
worm-screw mising-conveyor. At a point near the base of the bulk feeder,
a mixture of one part of powdered potasstum 1odide or potasstum iodate
and ten parts of calcium carbonate, or any available inert free-flowing
powder, is introduced into the worm-screw mixing-conveyor through a
precision feeder at the necessary rate to provide a final product containing
the desired proportion of 1odine. The calcium carbonate or other inert pow-
der 15 added 1o the 1odide or jodate fo provide a greater bulk of material for
passage through the preciston feeder and thus to facilitate control of the
degree of admixture of the 10dizing agent with the salt. At a level of approx-
imately 20 ounces (570 g) of potassium iodide mixture per hour, the final
product would contam about 1 part by weight of potassium iodide per
20000 parts by werght of sait. If potassiom 1odate mixture is employed,
approximately 26 ounces (740 g} per hour are requred to provide the same
level of iodization. For reasons which will be given later, 1t 1s recomr_nmdfd
that potassium fodate should be used in circumstances where the xo(:hzed
salt is Tikely to be stored under humid or other adverse climatic conditions.
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The salt and the 1odide or iodate mixture are intimately combined
during their passage along the rematmng length of the worm-screw muxing-
conveyor, which s fitted with right- and left-hand paddles to give an efficient
mixing action to the product passing along the worm The 1odized salt 1s
collected directly 1t bags or other contatners at the end of the conveyor and
the whole operation of the plant requires the mummum of skilled labour.

The worm-screw of the conveyor and the agitator of the bulk feeder are
driven by single belts from a shaft attached to a small electric motor
(1 5-HP) or an internal combustion engine, and the rate of throughput
of salt can be adjusted m a few minutes by mampalating a ratchet mecha-
mism on the end of the bulk feeder. This mechanism controls the speed of
the worm conveyor.

The stmplest means of of the p feeder used to add jodide
or todate muxture to the salt is a pulley-drive from the main shaft. The use
of multiple pulleys permuts the adjustment of the precision feeder to six
different speeds to accord with varying throughputs of salt,

If desired, the precision feeder can be operated independently by
gearng to a 0.25-HP electric motor, as shown in Fig. 7 and 8 of the plant
supplted by Novadel Limited, London, England, for the production of
10dized salt in Guatemala. In this case the feeder can be set at any desired
rate by varying the gear wheels, and five sets of wheels are supphed with
the feeder for thus purpose. (Novadel’s plant has recently been improved
and the cost has been reduced by about 10%).

A second type of plant, which operates on the same principles but differs
in layout, has been constructed by Arenco-Alite Limited, Letchworth,
Herts , England, for use 1n the Umon of South Afiica. At the request of
the authortties, this has been assembled on a light metal frame in order
that 1t can be lifted by porters and also carried on a lorry without betng
dismantled A view of thus plant is provided 1n Fig. 9.

Fig 10 shows o general view of a plant for 10dizing coarse salt that has
recently been installed by the Government of India at Sambhar. This plant
15 of particular interest because, Iike the Soviet plant, 1t combines a umit
for crushing the salt with the usual iodwzation umt.

Spraying process

A continuous spraying process which can be used with crude salt, such
as that produced by solar evaporation, as well as with refined salt has been
deseribed recently by Dr Herbert Stacpoole,” chief of the Mexican Ar}tl-
Goutee Campaign, who has also designed a simple, cheap, portable machine
for the purpase. This machine js illustrated in the accompanying figures

(11 and 12).
Stacpoole regards di

ry-mixing as too expensive because of the Jong
period of agitation required to ensute uniform distribution of ¢

he 10dizing
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FIG 7. GENERAL VIEW OF PLANT FOR 10DIZING SOLAR-EVAPORATED
SALT IN GUATEMALA

FIG 8 VILW Of SECTIONS OF IODIZING PLANT IN GUATEMALA

The bulk controller (left) and the precision freder (centre) contral the throush
1put
of salt and the lerel of fodization, respectnely.
Reproduced by couriesy of Novadel Limived, London
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FIG. 9. TRANSPORTABLE EQUIPMENT DESIGNED FOR THE TREATMENT OF SALT
IN THE UNION OF SOUTH AFRICA

A. Bulk hopper for salt D. Outler
B. Buik hopper for wdine d E. Lifting-handies i extended position

C. Blending-comeyor trough
Reproduced by courtesy of Arenco-Alite Machines Limited,
Letchworth, Herts, England

agent and he also beheves that the mixture obtamned is not homogeneous
if 2 worm-screw, which must be long and must move rapidly, is used for
mixing. In addition, he objects to the use of a conveyor-belt, since it
permuts 1odization of the surface of the salt layer only, His plant operates
as follows (Fig 12)-

The salt to be rodized 15 depostted in a wooden hopper (1) hned with
alumimum sheet. The base of this hopper, which holds about 100 kg.
forms a semu-circular trough in which turns a corrosion-resistent (stainless
steel) worm-screw (2). This serves to carry the salt into the base of an
elevator (3) which consists of a rubber belt (4) carrying aluminmum buckets
(5). The elevator 1s driven by an aluminium pulley (6) attached to the shaft
of a 2-HP electric (or other) motor. The casing of the elevator is made of
wood protected mside and outside with ol pamt; the wooden base, which
has two doors for mspection and cleaning, 1s lined with alummium. The
elevator raises the salt about 3 m, discharging 1t into an aluminium-lined
hopper (7) from which 1t drops through a rotating sluice (8) made of
aluminium and stainless steel into the 1odrzing chamber (10). A link-belt
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1G. 10, COMBINED CRUSHING AND IODIZING PLANT FOR PROCESSING CRUDE
SALT AT SAMBHAR, INDIA

A

A

e
-~

e
|
~ s \

- 5;%

‘D

-

A. Crushorz equipment D. Hopper for lodizing azent
B. Elevafor 1o todizing umt E. Blrmfng-conveyor trough
C. Hopper for salt
Reproduced by courtesy of Areaco-Aliw Machines Limuted,
Lewctreont, Herws, England

and cog-wheel connected to the upper pulley of the elevator serve to drve
the sluice above which turns a sturer (9) serving to maintain an umnter-
rupted flow of salt to the slmce. The rate of flow of salt through the sluice

ts constant but can be d by ing the di: of the cog-wheel
that turns the shaft to which it 1s attached.
The iodinng ber, which 1s of aluminivm lined with

plastc or of wood Lined with alumimum, has the shape of an elongated
pyramid about 2.2% m high by 0 5 m 2t the top and 0.3 m at the lower end.
Close to the upper end there is a grill (11) made of aluminium which
scatters the salt so that it falls as a continuous shower. In this way, provision
13 made for ensuring intimate contact of the grains of salt with the droplets
of 10date solution which are njected upwards with a spray gun (12) fixed
Just above the outlet (13) of the chamber. The jodate solution from a tank
and compressed air are delivered to the gun through two hoses (14),
pressure being provided by a '/ HP motor. The gun is set so that the number
of mililitres of jodate solution delivered per runute equals the number
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FIG. 11. SALT-IODIZING MACHINE DESIGNED BY DR H. H, STACPOOLE

(usually 85-93) of kilograms of salt which falls in the same time. Experience
has shown that 1 ml of spray 1s enough to rodize uniformly | kg of salt
whether it be coarse, ground, or free-running. Five metric tons of salt can
be iodized per hour.

Stacpoole pomnts out that, where salt is deltvered by truck, it may be
more comement and cheaper to eliminate the elevator and to have the
trucks drive up a ramp to discharge to an tnclined platform adjacent to the
hopper at the top of the rodizing machine (Fig. 13). He also imsists that
jodate should be used as 1odizing agent. His machines have now been in
successful operation 1n Mexico for some time, productng rodized salt which
1s readily accepted by the population although opposition to jodization by
producers and sellers had previously been encountered
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FIG. 12, DIAGRAM SHOWING THE OPERATION OF THE SALT-IODIZING MACHINE
DESIGNED BY DR il H. STACPOOLE

(O

THELNG)

For key to the numbers see text (page 428)

Stability of Yodized Salts

Reference has been made above to the addition of stabilizers and drying
agents to 10dized salt to prevent or restrict the losses of 10dine which may
otherwise occur  For two reasons, it is important that 10dized salt should
remain stable during storage. First, 1t 1s necessary that 10dized saltshould
contain the actual proporuion of jodme stipulated by the medical authonines,
Secondly, manufacturers must be able to feel assured that their products
will fulfil government regulations controfling the level of 10d1zation. A very
comprehensive survey was made by Kelly 3 in 1953 of factors affecting the



430 J € M. HOLMAN & W. MCCARTNEY

FIG. 11. SALY-IODIZING MACIHNE DESIGNED BY DR H, H. STACPOOLE

(usually 85-93) of kilograms of salt which falls in the same time, Experience
has shown that 1 ml of spray is enough to jodize umiformly 1 kg of salt
whether 1t be coarse, ground, or free-running  Five metric tons of salt can
be iodized per hour.

Stacpoole points out that, where salt is delivered by truck, it may be
more convenient and cheaper to elimmate the elevator and to have the
trucks drive up a ramp to discharge to an inclined platform adjacent to the
hopper at the top of the jodizing machine (Fig. 13). He also insists that
jodate should be used as 10dizing agent His machines have now been in
successful operation in Mexico for somc nme producmg iodized salt which
is readily d by the popul to jodization by

producers and sellers had previously been encountered
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(e) has an acid reaction;
(f) contains impurities derived from the mother-hquor.

The Czechoslovak workers found that loss of 1odine was greater when
the level of 10dization was 25 mg of potassium rodide per kg of salt than
when 1t was 12 mg

Very recently, a thorough study of factors affecting the stability of
jodized salts was made by Phidka * in the faculty of food technology of the
Chemical-Technical College of Prague He marntains that the role of
moisture has been, to some extent, derstood, since, d to
Zinovjev,® the surface layer of common salt may bind as much as 129 of
moisture. Tests were conducted on salt to which small propertions (0.1,
02%,05%, 109, 20% and 40%,) of one of five inorganic compounds
(alumimum  sulfate, calctum chlonde, chlonide, p
chlonde, sodium sulfate) had been added and which had been rodized
erther with potassium jodide or with potassium 1odate and stored for perrods
of up to one year at 17 5°21 0° C in atmospheres having various relative
humidtties  The effects of the five compounds on aqueous solutions of the
1odide and 1odate were also exammned  On the basis of the findings, Pliska
reached the followtng conclusions.

(1) some cations (Al, Mg. Ca) have a powerful moistening effect
because therr salts undergo shight hydrolysis with production of hydrogen
10ns {(acidity) and consequent oxidation (of rodide) by atmospheric oxygen,

(2) traces of 10ns of fernic 1ron, jodate, and nitnte have a durect, very
destructive effect on 1odide and the fernic and mitrte 1ons also have a
catalytic action,

(3) potasstum 10ns and sulfate 10ns have a stabihzing effect (very pro-
bably because they inhtbit morstening),

(4) 10date 15 more stable ;n common salt than 1s 1odide but should be
used only when the 10dide which 1t would replace would be hable to suffer
large losses.

From constderation of these pornts 1t 1s apparent that the stable 10diza-
tion of fine grades of pure salt produced by vacuum evaporation can be
accomphished without difficulty Such salts are completely dned dunng
manufacture, are packed in special and are effectively
by the presence of the alkaline non-caking agents which are added to
preserve therr free-runrung properties. If they are stored satisfactonly under
reasonable conditions of temperature and humudity they remain stable for
considerable periods The table on page 434 shows the results of determina-
tions of 1odine contents of some samples during a trial extending over
nearly two years No reduction 1n the jodine content of the salt occurred
dunng this period

28




432 J C. M. HOLMAN & W. MCCARTNEY

FIG, 13. A MODIFICATION OF DR H, M1, STACPOOLE’S SALT-IODIZING MACHINE
WITH RAMP INSTEAD OF ELEVATOR

0 Gops

1. Ramp for trucks
2, Platform Jor unloading sait
3. Compressor

stability of salt iodized with potassium iodide, potassium fodate, dithymol
dt-iodide, or an organic iodide complex, and investigations on this problem
have since been carrted out in Bal,? Czechoslovakia,® French West
Africa,” Romania,?”? the USSR, %57, and Venczuela.,'¥ The results
show that losses of fodine do not occur in salt 10dized with potassium iodide
if the sait:

(@,

(b) 15 packed in containers with impervious linings;

{c) 1s stored in the dark;

(d) 1s kept cool;

(e) contamns a stabilizing agent;

(f) 1s free from impunties

<

15 reasonably dry and frec-running;

2

Losses are hable to occur 1f the salt:

(@) 1s not dried during production;

(b) is exposed to hummd atmospheres or cxcessive aeration;
(¢) 15 exposed to sunlight;

(d) is subjected to heat;
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affected by oxidizing impuritics which may cause decomposttion of potas-
stum iodrde A further important advantage of potassium iodate ss its low
solubility 1 water compared with the high solubihty of potassium rodide.
1f packages of salt iodized with potassium 10dide become damp, the iodde
1s attracted to the areas of high mosture content and thus mugrates from
the body of the salt to the cardboard or fabric of the container. This results
1n a loss of 10dide from the mass of salt with a consequent reduction of its
general iodine content Because of its low solubility, potassm jodate
migrates much less readily or not at all. It 1s, in fact, not easily removed
from 10dized saft even by leachtng with water, and for this reason sait con-
tainmg iodate is ry for the f of salt licks for cattle
although these ate exposed to all nmanner of weather conditions.’® That the
stability of 1odate 1n crude table salt 1s equally satisfactory 1n the tropscs
was shown not long age by Arroyave, Pineda & Scnimshaw * who stored a
50-kg sample (added jodine content 1: 10000) in a hemp fibre sack 1n an
open room for eight months, four of which were dry and four ramy; they
found that the Joss of 10date in that period was only 3 5% although the
average hunudity had ranged from 707 to 849, Moteover, no significant
redistnbution of the jodate took place Similarly, 1n Venezuela, Andrade *
and his co-workers noted that table salt iodized with sodmm rodate lost no
10dine during one year and crude salt lost only 209, while in Brazl, Paulimt
& Pererra * found that potassrum 10date Itkewise resisted decomposition in
common salt for a year at least, although they found that it migrated to
some extent 1f the humidity were high

The effects of long-term mgestion of potassium iodate have not yet been
fully revealed, but 1t 1s known that large single doses can be tolerated 3 and
that the compound s rapidly broken down 1 the body, providing a source
of 10dine available to the thyroid gland for hormone formation both in
man % and jn atumals # It 15 quite reasonable to assume, therefore, that
10date can safely be used in the minute proportions required for the 10diza-
uon of salt and, 1n fact, expenience i Mexico,” where todated salt was
mtroduced 1n 1952, as well as in El Salvador, Guatemala % and India ™ has
shown, not only that no 1ll effects have resulted from the large-scale admin-
wtration of the salt (or of lable!s comalmng the compound) but that the
effects have been benefi gly, 1t 15 d that todate
should be used 1n all cnrcumstances where the type of salt available or the
environmental condiions could cause loss of 1odine from salt 10dized with
potassium jodide

It may be added that, for human consumption at least, dithymol di-
1odide cannot serously be considered as an iodizing agent for lasge-scale
use, and presumably this applies to organic todide complex also. It 1s pos-
sible, however, that cuprous jodide,#* which forms a constituent of some
muneral supplements for animals, might be employed if 1t were found to be
acceptable. 1t has the advantage of being only very slightly soluble in water.
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STORAGE TESTS ON [OOIZED SALT ¢

fodine content

ug per ounce ** % by weight | proportion | NaCt
Specification l 425852 0001500023 | 166 5001, 43 500!
Mean | 538 00019 1 52600
Analysis by maker on Issue
28351) 538 00018 152600
A(1) Stored on open shelf above sink unti 5753
Atter 3 months Top 567 00020 1 50000
(5751
Middte 567 00020 1,50 000

A(2) Remaining contents of packet A1) opened on §751 were re-mited and replaced
on shelf with top of packet fully open t\;m“ 19252 Some caking t fop of sample in
ebrua

ry 1952

After 40 months Top 557 00020 1150 000
(19252)

Middie 538 00019 1,52 600

B Stored In dry cupboard untl 19252 No caking

Al(égr 10 manths Top 567 00020 150 000
19 2 52)

Middle 567 00020 1-50000

Sottom 510 o008 1 33500

C Stored on open shelf above sink untl 18252 No caking

After 10 months  Top 538 conts 1.52600
19252}

Middle 538 00019 1 52600

Bottom 538 ©0019 1 52600

D Stored in dry tupboard untit 3153 No caking

After 21 months 525 000185 1,54 000

3153
* Delivered for Independent anatvern 1= % 3 > = .- . "
[ FA . - .-
On the other hand, the stabil of salts produced by open-pan and

solar evaporation presents some problems as these salts may contam both
moisture and tmpunities. Furthermore, they are frequently stored in bulk
or packed tn ordinary hessian bags. They may also be exposed to adverse
climanc cond Itis ded, ¢t that open-p: ar}d solar
salts should be 1odized by the addition of potassium iodate, which can
effectively replace potassium 1odide for the biochemical synthesis of thyrox-
ine Potassium iodate is an extremely stable compound and not liable to be
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affected by oxidizing impurnittes which may cause decomposition of potas-
sitm 1odide. A further important advantage of potassium rodate 1s 1ts low
solubility 1n water compared with the high solubility of potassium 1odide
If packages of salt 10dized with potassium iodide become damp, the 10dide
1s attracted to the areas of hugh moisture content and thus migrates from
the body of the salt to the cardboard or fabric of the container. This results
1m a loss of todide from the mass of salt with a consequent reduction of its
general 10dine content. Because of jts low solubility, potasstum 10date
migrates much less readily or not at all. It 1s, mn fact, not easily removed
from jodized salt even by leaching with water, and for this reason salt con-
taning 1odate 1s satisfactory for the manufacture of salt licks for cattle
although these are exposed to all manner of weather conditions.’® That the
stability of 1odate m crude table salt 1s equally satisfactory in the tropics
was shown not long ago by Arroyave, Pineda & Scrimshaw ¢ who stored a
50-kg sample (added 10dine content 1. 10 000) m a hemp fibre sack 1n an
open room for eight months, four of which were dry and four rainy, they
found that the loss of 10date in that period was only 3 5% although the
average humidity had ranged from 70% to 84%, Moreover, no signtficant
redistribution of the 10date took place. Similarly, 1n Venezuela, Andrade 2
and his co-workers noted that table salt 10dized with sodium rodate lost no
10dine during one year and crude salt Jost only 20 %, while 1n Brazil, Paulim
& Pererra 5 found that potasstum 1odate hkewsse resssted decomposition in
common salt for a year at least, although they found that it migrated to
some extent if the humdity were high

The effects of long-term mgestion of potasstum todate have not yet been
fully revealed, but 1t 1s known that large single doses can be tolerated 13 and
that the compound is raptdly broken down jun the body, providmg a source
of 10dine available to the thyroid gland for hormone formation both 1n
man ® and 1 ammals 8 It 1s quite reasonable to assume, therefore, that
10date can safely be used in the munute proportions required for the 10diza-
tion of salt and, 1n fact, experience 1n Mexico,” where 10dated salt was
ntroduced 1n 1952, as well as 1n El Salvador, Guatemala % and India ™ has
shown, not only that no 11l effects have resulted from the large-scale admin-
stration of the salt {or of tablets contamning the compound) but that the
effects have been benefi A dingly, 1t 1s ded that iodate
should be used 10 all circumstances where the type of salt available or the
environmental conditions could cause loss of iodine from salt 1odized with
potassium jodide

It may be added that, for human consumption at least, dithymol di-
rodide cannot seriously be copsidered as an 1odizing agent for large-scale
use, and presumably this applies to organic rodide complex also It 1s pos-
sible, however, that cuprous 10dide,® which forms a constituent of some
rumeral supplements for animals, might be employed 1f it were found to be
acceptable It has the advantage of being only very shghtly soluble m water
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STORAGE TESTS ON IODIZED SALT *

‘ lodinie content

5 ug per ounce ** % by welght proportion I; NaCl
Specification z 425-652 00015-0 0023 1: 66 6001 43 500
Mean 538 o000t 1. 52600
Analysis by maker on issue
(28351) 538 00019 1: 52600

Ati) Stored on open shelf above sink until 5751
Ahe; él')momh! Top 567 00020 l 1 50000

£}
Middle 587 00020 1 50000

A(2) Remaining contents of packet A(1) opened on 5 7.51 were re-mixed and replaced
on shelf with top of packet fully open until 19282 Some caking at tap of samale fn
ebruary 1952

567

After 10 months  Top
(19252)
Middie 533

00020 1 50000
[t l 1452600

B Stored in dry cupboard until 18252 No caking

A;('eslzl Dz)mon(hs Top 567 00020 1 50000
Middle 567 00020 1 50000

| Bottom sie 00013 1 55500
; C Stored on open shell above sink until 19252 No caking

After 10 months  Top 538 aoots 1 52600
192,52
Middle 538 ocots 1 52600
Bottom 538 00019 52600
D Stored in dry cupboard untf 3153 No caking
After 21 months 525 000185 1 54000
(3163)

* Delivered for [ndependent analysis in 7./b, (32-kg) lots In cotton bags Repacked on 3451
by analyst into 1-tb (0 45-kg) cardboard unlined packets suppiied by makers The packets were
sealed In the usvat manner and were stored as shown above 25-g portions were subsequently
taken from top, middle, and bottom sectrons of the packets for analysis,

**4 ounce = 2835 g

On the other hand, the stabilization of salfs produced by open-pan and
solar evaporation presents some problems as these salts may contain both
moisture and 1mpurities. Furthermore, they are frequently stored in bulk
or packed 1 ordiary hessian bags. They may also be exposed to adverse
climatic conditions, It is recommended, therefore, that open-pan and solar
salts should be iodized by the addition of potassium iudntc: which can
effectively replace potassium jodide for the biochemical synthesis .cf thyrox-
ine. Potassium jodate is an extremely stable compound and not liable to be
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1n different regions, and the results obtaned 1n America by the use of salt
10dized to this level

It 15 ob ble to fix a dard level of 10dization for adop-
tion by all counmcs In selecting a local or national level, public health
authorities must study the average per caput salt consumptton, the prevathing
dsetary standards, the possible eustence of goitrogenic factors and the
experience of similar areas Their recommendations should ensure that,
taking full account of these factors, a mmmum amount of 150 pg of 10dine
1s avaslable 1n the quantity of salt utilized i the individual dadly diet It
must be stressed that 1n adverse circumstances this quantity may be msuf-
ficient and 1t 1s desirable that 1n areas of low dietary standards 300-400 pg
of 1odine should be lable 1n the d daily mdividual intake of
rodized salt

Determination of Todine in Todized Salt

Rehable and accurate methods for determimng the 10dine content of
1odized salt are essential both to the manufacturer and to the distrsbutor.

The manufacturer must be able to feel confident that the product
leaving his factory conforms to the requirements of the authonties, and the
distnbutor must {eel assured that the quality of the product standing in hus
warchouse or shop can be checked rapidly and efficiently at any time

Studies of techmques for the accurate determunation of 10dtne 1 rodized
salt have accordingly been made by workers in countries where 10dized
salt has been introduced as an agent for the prevention of goitre The
method divised by von Fellenberg * has been gradually modified and
wproved by Werner,*® Andeew & Mandeno,® Retth © and other subsequent
nvestigators 5 to result in the two officral methods ™ at present accepted by
the Association ot Official Agneultural Chemists i the USA. Before
these methods were accepted, the reproducibility of their results had been
submutted to very nigorous checking ** and since other micro-methods, such
as the neutron-activation procedure, do not appear to show any advantages®
1t 15 recommended that they should be used 1n all countnes to facilitate
direct compartsons of the 1odine contents of local 1odized salts Details
of the methods are as follows

Method A Dissolve 50 g of 10dized salt 1 distilled water and make up
to 250 mlin a volumetric flask. Pipette 25 mlinto a 600-ml beaker and dilute
toabout 300 ml Neutralize to methyl orange with phosphortc acid and then
add 1 ml 1n excess

Add an excess of bromine water, boil gently until colourless and then for
five minutes longer Add 2 few crystals of salicylic acid and cool the solu-
tiont to about 20°C  Add 1 ml of 859 phosphoric acid and about 05 g of

& The pulnusnphm method of Plitka & Rykl** show, ise, howeve
o v T polaroga yk1 4" shows promise, however, and may prove 10 be the best
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Level of lodization

The proper proportion of rodme required to be present in jodized salt is
determined by two fundamental quantitative factors:

1. The average daily dose of 10dine per head necessary to prevent goitre
n a community (This proportion 1s then added fo the average quantity of
salt consumed) 1t 1s not possible to state the exact iodine requirement of
the human body, but the available evidence suggests that in endemic goitre
areas each person should receive a datly dietary supplement of about 150 ug
of 1odine. Where gottrogenic factors occur, 1t may be necessary to increase
the supplement to 300-400 ug

2. The average amount of food salt consumed per head per day by the
commumty to be treated. This depends on

(a) racial, chimatic and other similar considerations. For example, the
per caput consumption of salt 1s greater m tropical than n temperate
climates;

{b) whether alf food salt 1s to be 10dized (1 e., cooking salt, table salt,
and salt used by food industries for making bread, cheese and other
processed food) or whether only table salt 1s to be treated

There 1s accordingly a wide variation 1n the levels of sodization which
have been officially recommended and adopted m vanious countries. They
range from 1 part of rodide in 10000 parts of salt to 1 part of 1odide
200 000 parts of salt 't

The - 10 000 level used i the USA, Canada and most countres in Latn
America 1s the outcome of a long practical clinical experience with a dose of
500 pg of 10dine (equivalent to 650 pg of potasstum jodide) per head per
day, and an estimated average daily individual consumption of 6 5 g of table
salt.? The levels in European countries, on the other hand, are based on
estimates of 100-150 ug of iodine as the body's actual phystologreal require-
ment, and for this reason are lower than the American level.

In Switzerland, the level 1s 1 part of potassium 10dide in 100 000 parts of
salt, based on the todization of all food salt and its consumption at the rate
of 10 g per head per day In the United Kingdom, where only table salt 1s
jodized, the recommended level is 1 part of potasstum jodide in 40 000 parts
of salt In other countries, notably New Zealand, where the goitre problem
has been tackled most energetically, the standard level 1s 1 part of potasstum
jodide in 20 000 parts of table salt. Allowing for evitable wastage this 1s
probably the most satisfactory general level of iodization for salt in countries
with moderate goitre incidence. In areas of high incidence, the level of

1110000 15 preferable, taking into consid.eratlun the possible prevalence of
goitrogenic factors in some localtties, variations mn the consumption of salt



IODIZED SALT 439

may be present 1n common unrefined salts For this purpose it 1s recom-
mended that the method of Rogina & DubravEié ® should be adopted. This
method 15 extremely sensitive and permuts the determunation of iodne in
common salt through the range 0 to 500 ug of iodine per kg of salt, with
a maumum error of 110 pg of iodme. It is based on the catalytic effect of
iodides on the reduction of ceric sulfate with arsenious acid 1n sylfuric
acid solutton, The rate of reduction 1s determined by stopping the reaction
at a standard time by the addition of ferrous and thiocyanate solutions and
then measuring the resulting red colour of fernic thiocyanate by means of 2
photometer The method thus differs from the well-known Chaney pro-
cedure for the determunation of iodine 1n body fluids in which the rate of
reduction is measured while the reaction is in progress. The onginal report 1®
giving full details of the method indicates also corrections to be made when
certain mmpurities, such as ferric salts or bromudes, are present 1n the salt.
The method s suitable for the determination of 10dine 1n saline deposits
and in sea-water
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potassium 1odide. Tatrate the liberated iodine with 0.005N sodium thro-
sulfate

Method B. Dissolve 50 g of the salt sample 1 water and make up to
250 ml in a volumetric flask. Pipette 50 ml of the solution into a 200-ml
Erlenmeyer flask, and neutralize to methy! orange with 2N sulfune acid.
Add bromune water dropwise from a burette 1n a quantity equivalent to
20 mg of bromine  After a few minutes, destroy the greater portion of the
rerraiung free bromune by adding 1% sodwm sulfite solution dropwise
while mixing  Wash down the neck and sides of the flask with water and
complete the removal of the free bromme by addition of | or 2 drops of
5% phenol solutron.

Add 1 ml of 2N sulfuric acid and 5 ml of 10 % potassium jodide solution.
Titrate the hiberated rodine with 0 00SN sodium thiosulfate solution adding
1 ml of starch indcator near the end of the titration (1 mi of 0 005N sodum
thiosulfate == 0 1058 mg of 1odine 2= 0 1388 mg of potassium todide)

The determination should be corrected by a blank test of the reagents
One or more control determinations should be made for comparison using
50 m} of 209 sodiurn chloride solution to which has been added appropriate
quantities of the control solutton of potassium rodrde.

Modification of the Procedure

Some slight modifications of the procedure have been introduced by
the Institute of Nutnition of Central America and Panama (INCAP),
Guatemala, 1n order to improve reproducibility.

Addition of bromme. Add bromne water dropwise from a burette in a
quantity equivalent to 10 mg of bromune and le¢ stand for 10 nunutes.

Destruction of excess bronune. Add dropwise fram a burette 1 94 sodium
sulfite solution wnti! only a pale yellow colour remaims, whirling the flask
during the addition, Then add 2 drops of 5% phenol solution.

Liberation of todine for titration. Add 1 ml of 2N sulfuric acrd and 05 ¢
of potassium iodide and let stand in the dark for 10 munutes Then ttrate
with sodsum thiosulfate as indicated

Determination of Jodine in Common Salt

In preliminary survey work mn goitrous areas 1t is necessary to ascertain
the sources of dietary todine available to the population In this 1
a knowledge of the iodine contents of the normal supplies of salt is essential.

The methods employed for the analysis of jodized salt are not alw{iys
applicable to the determination of the minute amounts of jodine which
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PRINCIPLES AND PROBLEMS OF
ENDEMIC GOITRE CONTROL

Dr F W. LOWENSTEIN *

There 1s hardly a coumry 1n the world where endemic goitre cannot be
found C g of thus 15 d by Kelly and Snedden in
their chapter Prevalence and geographical distribution of endemic goutre
(page 27) In many countries where endemic gottre has existed for genera-
tions, 1t presents a major public health problem because of its association
with cretimsm, deaf-mutism and mental retardation

Todme Prophylaxis

Although the clinical picture of endemic goitre has been known for many
centurtes (as can be seen 1 paintmngs by Swiss and other masters of the
14th and 15th centunes), successful control measures were not developed
until the present century, when modern industry provided the jodides and
10dates needed for mass prophylaxis Two countries have proneered 1n
applymg mass prophylaxis with todine the USA and Switzerland The
first controlled experiment was made 1n Akron, Ohio, where 5 000 school-
girls took 0 2g of sodrum 1odide daily 1n their drinking-water for a period
of 10 days 1n the spring and autumn ' An equal number who drank
untreated water served as controls Whereas of the guls taking the salt
none of those who had a normal thyroid at the beginning developed a
goitre, 1n the control group 50% of the girls who started out with 4 normal
thyroid became goitrous In the girls who showed a goitre at the beginning,
the thyroid regressed to normal by the end of the treatment i 66% of
those taking sodium 1odide but 1n none of the control group Following
this expenence, several cities in the goitre belt along the Great Lakes (e g,
Rochester, NY) started to add todide to there central water supplies
In 1924, the first successful large-scale use of jodized salt was made in
Michugan with the co-operation of the salt producers, the wholesalers. and

* Medical Officar, Nutrition, WHO, Geneva, Switzerland
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tion of a natural ingredsent lost during the process of drying and/or refining;
there are stll some places—or at least have been until recently—where
people are using a crude salt which has enough 1odine to prevent goitre 12
In this connexion 1t is relevant to mention that some sea~foods—such as cod,
haddock, shrimps and lobster—contain more 10dine per unt of weight than
iodized salt

There have been poorly-founded reports 1n the medical iterature on
cases of thyrotoxicoss {Jod-Basedow) caused by the use of 1odized salt
These reports have been seized on eagerly by professtonal and non-pro-
fessional opponents of rodization to discredit this measure and discourage
governments and public health authoritres from supporting 1odization
Whereas 1n Switzerland and the USA this campaign failed, 1t did succeed
n Austria, where 1n 1933 the government stopped the general distitbution
of 1odized salt, started in 1924

If one looks carefully at the hterature, the evidence for a towc effect of
10dized salt 1s, indeed, very meagre and, 1n the {ew cases published, extremely
dubrous Fluck 7 has presented the results of 2 nattonwide mmquiry to more
than 1600 physicians 1n Switzerland between 1922 and 1924 A frequency
of thyrotoxicosis of 5 per 100 000 was found among both the personts who
consumed iodized salt and those who did not use 1t. Among a total of
18 cases of thyrotoxicosis supposedly due to 1odized salt, only 1n 5 could a
definite time-relationstup be established between the consumption of 10dtzed
salt and the development of the toxic goitre. Wagner-Jauregg  showed
that in gite a few of the cases diagnosed as toxic goitre due 1o 10dized salt
esther the basal metabolic rate was not measured or, 1f 1t was, 1t was within
the normal range  One woman actually ate the salt in large amounts because
she thought that 1f a httle was good for her, then a bigger dose would do
her even more good Among 2659 cases of hyperthyroidism, Kimball ®
saw only six which might have been related to the consumption of 1odized
salt, all six were 1n women above 40 who had had a nodular goitre of long
standing In another paper,’® he demonstrated to the goitre surgeons of the
USA, who were afraid that the use of 1odized salt would cause an epidemic
of toxic goitre, that among 1299 adults with long-standing goitre who had
been taking 1odized salt for five years there was not a swgle case of toxic
goitre which could have been dragnosed as due to the use of rodized salt
The majority of the towic patients were under treatment by a physicran and
had been advised, in most instances, agamst the use of 10dized salt In
recent years, Pennett: (personal communication) reported that after the
introduction of 10dized salt (I 30 000) in Mendoza province of Argentina
he has not seen one case of th is that could be buted to the
vse of this salt Vamous authors, such as McClure 8 1n Michigan and
Eggenberger ¢ in Switzerand, found a considerable decrease i thyro-
toxicosis after the mtroduction of 1odized salt Nicod stated ™ that at the
time of writing (1953) no death from toxic goitre had occurred n three
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the State Health Department. Within the first year, 94% of the homes were
using 10dized salt continuously  An excellent account of this experience has
been given by Kimball in his paper on the efficiency and safety of the pre-
vention of goitre ** A follow-up survey 1n 1936 of the four original counties
showed that the goitre rate had fallen from 38 6% in 19240 8.2% ® Similar
results had been ot d in Cleveland, Ohio As a consequence, the use
of 10dized salt spread to other areas and became generally adopted through-
out the USA.

Switzerland, the classical land of endemic goitre in Europe, took a
somewhat different approach before 1t started using sodized salt on a large
scale Between 1923 and 1928, the gortre frequency among Swiss recruits
decreased, m certaip cantons, from 51 8% 1o 13 5% without any addihon
of 1odine to food or water The only thing which supposedly changed in
these cantons during these five years was an improvement t the quality
of the drinking-water and in the general levet of hygiene.!® Some cantons,
however, introduced 1odized salt as early as 1923, and by 1950, 18 cantons
were using 1odized salt almost exclustvely There can be no doubt that
with the introduction and almost universal use of rodized salt the gortre
frequency continued to dechne much more raprdly among the recruits
untl it reached almost zero n 1945.3 The only canton which had not
accepted rodized salt up to 1950 had the highest number of gatrous recruits
at that ume. Simultancously with this remarkable decrease mn gottre preva-
lence, there occurred an almost plete disapy of end cre-
timsm A comparative study made by the departments of pathology of the
five Swiss medical schools between 1946 and 1951 has shown furthermore a
marked reduction in the mean weight of the thyroid gland, a disappearance
of very large goitres (wetght more than 500 g), and a continuing decrease of
goitre 1n the newborn,**

Objections to Iodized Salt

One of the matn obyections put forward to the use of 1odized salt has
been that iodme may have a toxic effect, particularly if used over a long
pertod  This statement goes back to some of the early experiences i France
0 the 1850°s when relatively high doses of 1odine were used  These tnals
had to be abandoned because of the reported toxicity. In the dosages used
for the ennichment of salt, howeer, the possibility of a tovic effect 15 very
remote as they are based on the physiological requirements for 10dine which
have been established by careful work.® They depend alse on the amount
of salt consumed in different countries In fact, the addition of small
amouats of jodine to salt (1:10 0001 : 100 000} 1s nothing but a restora-

o For fumbe detals of these tnals see also the chaprer Pherapy and prophlasts of endeme ovire on
page 383 of this monogeap!
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country or at least afl salt used in endemic goitre areas, the adminustrative
machinery has to be creaied for enforeing the law At this pont, difficulties
often develop which delay the of a control p for years.
The Ministry of Health, usually charged with the execution of the pro-
gramme, needs to convince the Mimstry of Finance of its tmportance so
that the necessary funds will be appropriated Even after everything has
been cleared on the mimstry level and production of 10dized salt has actually
been started, new snags may develop m the distnbution  Drfficulties of this
kind have been observed 1n Brazil: legislation on the 10dization of all salt
to be consumed 1n the endemic goitre areas of that country was adopted
m 1954, during a nutritional survey mn an endemic goitre atea i the state
of Minas Gerais in 1957/1958, however, it was found that practically
no 10dized salt was reaching the rural districts of the area  Sumlar expen-
ences have been reported from several other countries,

The policy to be followed by each government 1n relation to the enpich-
ment of salt with 10dine should depend on the extent of the local problem.
In a few countries endemic goitre 1s confined to one or two circumseribed
areas, 1f the local are adeq for the of such a

d should be confined to the salt d 1n the goitre
areas In most countries, however, goitre 1s too widespread or the local
adminsstrations are madequately equipped for prophylaxis to be attempted
on thes basts, 10dtzation must then be done centrally

An important question for any government 1s the cost of a preventive
progranme such as 1odization of salt It vanes, of course, from country
to country, depending on the scale of the 1odization process and local
labour charges In the United Kingdom 1t 15 estimated to be about 5/— per
ton of salt Assumung an average world price for all types of salt at £6 per
ton, this means that the cost of 10dizing salt amounts to less than 5 % of
the cost of salt At an average individual intake of 10 g per day (8 Ibs per
Year) the increase 1n cost per person amounts to only 022d annually It
Is niot easy to estimate the economic losses caused to a country through
endemyc gortre and its assocrated conditions, such as cretimsm, et No
such esttmates have been made accordmng to our knowledge However,
there can be no question that such losses n the way of ill health, possible
need for surgical mtervention, inability of the patient to support hrmself,
nheed for institutionalization, etc , are many times higher than the actual cost
of a control programme

International Collaboration in the Study of Goitre

On an mternational scale, mterest m the gortre problem developed after
the First World War  The first mternational goutre congress took place m
Bern 1n 1928, two other congresses have since followed and in 190 fhe
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Swiss cantons since 1949 although ifodized salt had been introduced in
1924, 1927, and 1946 respectively By contrast, the cantons with the owest
consumption of jodized salt (particularly Aargau, where less than 10% of
the salt consumed is 10dized) continued to show a higher death rate from
thyrotoxicosis  Clements ? presented evidence that the steady dechine in
death rates from thyrotoxicosts in Australia went hand-in-hand with the
decrease 1n the incidence of endemic gortre

It 15 posstble that in rare s a thyroid ad of long
may become toxic 1n a pattent taking 1odized salt. The benefits from the
use of todized salt, however, to the people 1n an endemic goitre area far
outweigh the risk of an occasional toxic effect The same philosophy apphes
here as 1n other measures of preventive medicine, such as vaccination against
smalipox where the nisk of encephalits 1s also very remote in comparison
with the beneficial protection afforded to the overwhelming majonity.

Mention should be made in this connexion of the fact that some persons
show a hypersensittivity to 1odine 1 the form of so-calted 10dine acne and
10doderma of the bullous type Dermatologists have been concerned with
this problem for some time. Beerman,? mn a recent review, has shown that
there 1s no agreement yet among dermatologists on the tmportance of this
question  Thus, Bechet * reported that 389 of 240 cases of acne had been
using rodized salt over tong periods and mmproved only after discontinuing
the 10dized salt and taking sodrum chlonide mnstead. On the other hand,
Gaul and Underwood,? i a three-year study of the effect of oral 10dine on
acne vulgaris, concluded that 10dized salt does not have an unfavourable
effect on the course of this disease. They even suggested that rodine defi-
ciency may possibly be a contributory cause of acne. Todine alone and its
equivalent 1n 10dized salt faled to produce pustular exacerbations. Without
entering into this controversy, 1t is safe to assume that there may be some
persons who either are hypersensittve to 10dine or may become sensitized
through prolanged use of small doses of iodme; for such persons non-
iodtzed salt should be made available on a prescription basis.

Administrative Problems

1 i

If the control and p ion of endemic goitre depended on
know-how only, the solution of this widespread problem should be at our
doorstep There are, however, legal and administrative obstacles to the
actual execution of such a control programme which are much more difficult
ta overcome. First of all, legislation has to be brought forward a{:d adopted,
before any large-scale action can be taken in any country ® This 15 usually
a slow process, at least 1n a parliamentary democracy. Then, after a faw
hos been passed concerning the iodization of etther all salt used sn the

@ See the chaptec Legislation on fodne prophy laxls on page 453 of this monograph
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Chilean Todine Educational Bureau in London to study this problem, out
of this study came a simple technique which has proved successful on a snrall
scale and can easily be adapted 1o large-scale operation A second problem
in this connexion is the mnstability of 1odides 1 crude salt, particularly 1n a
hot, humid chimate. Agam, the Chilean Iodine Educational Bureaw made
extensive investigations and was able to show that the answer 1s to use
jodates mstead of 1odides as they are much more stable under those cir-
cumstances There was some fear that 10dates would prove more toxic than
iodides, but work by the Medical Research Couneil of Great Brtain and
by the Food and Drugs Adminstration of the US Public Health Service has
shown that, given by mouth, both jodates and rodides have a very low
toxcrity  Well-controlled field expeniments in Central America by the
Institute of Nutntion of Central Amenca and Panama (INCAP) have
shown the effectiveness and harmlessness of 1odates 1* As a result of these
activities 1t 1s now relatively easy to institute programmes of control of
endemic goitre with 10dized salt in almost any country 1n need of such a
programme

Mention must also be made of the co-operation between WHO and other
international organizattons in this field The Joit FAO/WHO Expert
Commuttee on Nutntion 1n 1954, after a review of WHO’s work on this
problem, recommended among other things that surveys should be carried
out 1n vanious countries to determine the goitre prevalence and to provide a
basis for evaluating the effectiveness of the preventive measures, particu-
larly n regard to subsequent social and economic changes The UNICEF
Executive Board, followng a recommendation of the UNICEF/WHO Joint
Commuittee on Health Policy in May 1956 that if countnies put forward
properly planned projects to prevent endemic goitre assistance should be
gwven by UNICEF, agreed 1n prnciple to consider aid for such projects
October 1956 UNICEF aid was to include blending machinery for enriching
salt and, 1n some mstances, an 1nmtial supply of 10date and other matenals.
The countries themselves would provide the labour and matenals required
and undertake the necessary admunistrative arrangements to ensure that
substantially all the salt going into the goitre-prevalent areas was enriched
The first country to receive UNICEF support for goitre control was India,
following the recommendations made by the UNICEF Executive Director
on 11 March 1957 and 22 July 1958 With thss financtal help approved,
the Government of India hopes to be able to produce enough 1odized salt
for 1ts estimated 9-10 million people hving in the gostre belt 1n the north
of the country The Government of a neighbouring country, Pakistan, has
recently requested help from WHO to provide a short-term consultant to
adwvise on the planning, and possibly, inutiate a goitre survey in that country.
A stmular request has been recewved from the Lebanon Inquinies are being
recerved continuously by WHO from different countres regarding the
techmeal side of salt sodization.
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fourth ternational goitre congress 1s to be held in London. The World
Health Organtzation began to interest itself in the question of endemic
gotre early 1n 1ts existence, and the following are the prncipal measures
3t has taken®

1. A WHO study gtoup was canvened m London in December 1952
following a recommendation of the Third World Mealth Assembly that
WHO should make such a study and encourage governments to investigate
this problem within their territores.? The WHO study group made some
specific recornmendations wn regard to the technique to be used in surveys,
the method of enriching saft with erther jodide or sodate, and the areas for
further research

2 The Third Conference on Nutrition Problems in Latin Amenica,
sponsored jotntly by FAO and WHO and held i Caracas in October 1953,
made more detatled r dations on survey techniques, on levels and
methods of 1odhzation of salt, particularly under tropical conditions, and on
problems for further research At the FAO/WHO Fourth Conference on
Nutsition Problems it Laun America, held in Guatemala in September
1957, reports were presented on the way 1n which recommendations made
at the third conference had been put into practice by the vanous countries
n the regions The conference emphasized the need for implementing the
legsslation adepted wn various countries regarding the compulsory 1odization
of all salt used for human consumption

3 WHO consuitants have been despatched to various regions to study
the problem of endemic goitre and advise governments on the measures to
be taken The first consultant to undertake such a mission was Dr O. P
Kimball, who had worked with Dr Manne i Ohio i the early 1920s
and wha had done the first surveys in connexion with the vse of 1odized
salt Dr Kimball visited nine Latin American countues in 1950, A more
extended follow-up visit, coverng almost all of Latin Amenca, was
made by Dr J. Géngora and Mr J. C. M. Holman between October and
December 1954 They found seven countries were already producing
odized salt, and another seven were preparing legislation concerning the
use of wdized salt. In south-east Asia, the first WHO survey of endemic
gottre was made by Dr Dagmar Wilson mn 1950 1n Ceylon. In 1955, Dr V
Ramalingaswamt visited Thailand to look at the nutrition suation, he
reported a relatively hugh prevalence of goitre in the north of this country
and advocated todization of the salt used m this area. In Basutoland,
Dt J. A. Muiioz, WHO nutrition officer, found that, on the average, 41 o of
the populabon suffered from endemue goitre w seven drstricts surveyed
He advocates the use of potassium 1odate for the jodization of the coarse
salt used in that country.””

Since the jodizatton of the crude salt used in most developing countries
pecial difficulties, WHQ took the instrative and requested the

presents s
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(n) determme whether a definite relation exists between still-bisths
or growth retardation in children and the incidence of the disease;

(i) nvestigate the question whether a correlation exists between the
incidence and severity of vitamin A deficiency and endemic gaster,

(iv) take advantage of dietary surveys to obtan data on the consumption
of salt, foods with suspected gortrogenic actwvity, and other factors of
posstble interest n relation to the goiter problem,

(v) obtain data on the stability of sodine in salt artificrally 10dized with
1odide or 10date under vanous condittons with respect to climate, storage
and packaging,

(v1) study the effecttveness of prophylactic measures, by means of
surveys repeated at suitable intervals, on both the incidence of goiter and
the herght and weight of children;

(vi1) collect data on the frequency of gotter 1n amimals

(b) Research problems
These 1nvestigations require special facilities, as follows.

(1) Additional studies to determine human jodine requirements, espe-
cally under various envir 1 and physiol 1 stresses, are badly
needed

(1) Brological and chemical studies of foods with suspected goitrogenic
actvity are required, espectally of foods habitually eaten 1n Latin America
The presence of a gortrogenic substance as a local gorter-causing factor may
possibly be demonstrated by a reduced uptake of radio-active 10dine by the
thyroid gland

(i) The frequency of hyperthyroidism as well as hypothyroid actvity
1 persons living 1 an endemc goiter area 1s uncertain and requires careful
study

(tv) No adequate data are avarlable on the relation between carcinoma
of the thyroid and endemic goiter despite rany indications that such 2

relation may exist, climical and pathological studies of this problem should
be made.”

Of these projects, (1) and (1) under General studies and (1), (u) and (v)
under Research problems mght clarm priority because of therr fundamental
mmportance for the whole goitre problem  As part of its intensified pro-
gramme of medical research, it is the aim of WHO to stimulate experi-
enced Investigators to undertake such studies m vanous countries where

endemic goitre 1s 2 major problem and to provide them with all possible
assistance
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Qutstanding Problems

Putting Marme’s well-known claim 1n the form of a question one might
ask. “Is simple goitre the eastest of all known diseases to prevent?” Fram
all available evidence the answer 1s, * Yes, 1n the great majority of known

" However, should be made of the few reports where
endemic gortre was found which did not respond to todized salt, such as
the one described by Clements 1n Tasmania® The goitre 1 this case was
not due to a primary deficiency of rodine m the food or water, but to the
presence of gortrogenous substances 1n the food, particulacly the milk.
Obviously, the solutron of such a goitre problem demands a different
approach. The whole questton of gottrogens 1n food s under ntenstve
investigation.

There may be other goitrogens in the environment, e g, in the water
McCarrison suggested in 1928 % that polluted drinking-water could produce
goitre; he based his suggestion on epidemiological observations m the
Himalayan mountains (Gilgit Fan) and on expertments on human volunteers.
Hettche ' 1n Hamburg continued the work on this problem and presented a
hypothests that goitrogemc activity 1s displayed by certain organtc sulfur-
and nitrogen-contamning compounds (e.g, urachrome) found m polluted
waters 1n endemic goitre areas  Much more work 1s required to snvestigate
the correctness of this hypothests.

There are also mdications, as found by Lowenstein in the Brazilian
Amazan,™ that an improvement wn the general nutntional situation alone
may go hand-m-hand with a change in the goutre picture, partucularly in
children  Whether this change 1s due to an mnerease 1n 10dime intake from
the additional food eaten cannot be answered from the available data
From such experiences 1t becomes clear that the problem of endemtc goitre
cannot be considered apart from the overall nutntional situation 1t a
country, and, furthermore, that in the preparation of a preventive pro-
gramme various factors tn the envtronment of the people have to be
considered,

The FAO/WHO Third Conference on Nutrition Problems i Laun
America ® made a number of recommendations for further work on a
world-wide basts on the man questions 1n the pubhc health aspects of
endemic gortre still awaiting answer Since these recommendations are stlt
as valid today as they were seven years ago, they are quoted here m their
onginal form:

“ (a) General studies

Public Health authortties should endeavour to:

{) initiate 1 i of the freq y of mental deficiency and
deaf-mutism in areas with and without endemic goiter;
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(it) determine whether a definite relation exists between still-births
or growth retardation in children and the inctdence of the disease,

(i) 1nvestigate the question whether a correlation evists between the
1ncidence and sevenity of vitamin A deficiency and endemic goiter;

{1v) take advantage of dietary surveys to obtain data on the consumption
of salt, foods with suspected goitrogenic activity, and other factors of
possible interest in relation to the goiter problem;

{v) obtain data on the stability of 1odine 1n salt artificially iodized with
1odide or 1odate under various conditions with respect to climate, storage
and packaging,

(1) study the eff af p dacti by means of
surveys repeated at surtable m(crvals, on both the tneidence of goiter and
the height and weight of children,

(vn) collect data on the frequency of goiter in animals

(b) Research problems
These investigations require spectal facilittes, as follows

(1) Additional studies to determine human todine requirements, espe-
cially under various envir 1 and physiol I stresses, are badly
needed

{1t) Briological and chemical studies of foods with suspected goitrogenic
actvity are required, especally of foods habttually eaten in Latin America.
The presence of a goitrogenic substance as a local goiter-causing factor may
possibly be demeonstrated by a reduced uptake of radio-active 1odine by the
thyroid gland

(1) The frequency of hyperthyroidism as well as hypothyroid activity
n persons living 1n an endemic goiter area 15 uncertain and requires careful
study

(tv) No adequate data are avarlable on the relation between carcinoma
of the thyroid and endemic goiter desprte many indications that such a

relation may exist, climcal and pathological studies of this problem should
be made ™

Of these projects, (1) and () under General studies and (1), {(in) and (1v)
under Research problems might ¢larm priority because of their fundamental
importance for the whole goitre problem As part of its intensified pro-
gramme of medical research, 1t 1s the aim of WHO to stimulate experi-
enced investigators to undertake such studies in various countries where

endemic goitre 15 2 major problem and to provide them with all possible
assistance
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Outstanding Problems

Putting Marine’s well-known clatm 1n the form of 2 question one might
ask “Is simple gostre the easiest of all known diseases to prevent? ” From
all available evidence the answer 1s* “ Yes, tn the great majority of known

" However, tion should be made of the few reports where
endemic gostre was found which dud not respond to jodized salt, such as
the one described by Clements in Tasmama.® The gortre in this case was
not due to a primary deficiency of 1odine 1 the food or water, but to the
presence of goitrog b in the food, particularly the mufk.
Obviously, the solunon of such a goitre problem demands a different
approach The whole question of goitrogens in food 1s under intensive
tnvestigation.

There may be other goitrogens wn the environment, € g, in the water.
McCarrtson suggested 1n 1928 1 that poliuted drinking-water could produce
gottre, he based his suggestion on epidemiological observations mn the
Himalayan mountains (Gilgit Fan)and on expertments on human volunteers
Hettche ™ 1n Hamburg continued the work on this problem and presented a
hypothesis that gostrogeme acuvity 1s displayed by certain organic sulfur-
and nitrogen-contaming compounds (e g, urochrome) found 1n polluted
waters 1n endemic goitre areas  Much more work 1s required fo mvestigate
the correctness of this hypothesis

There are also indications, as found by Lowenstemn w the Brazihan
Amazon,™ that an improvement ;m the general nuintional sunation alone
may go hand-in-hand with a change in the gottre preture, particularly 1n
children Whether this change is due to an mcrease 1n 10dine intake from
the additional food eaten cannot be answered from the available data
From such experjences 1t becomes clear that the problem of epdemic gottre
cannot be considered apart from the overall nutrttional sifuation in a
country, and, furthermore, that in the preparation of a preventive pro-
gramme various factors i the environment of the people have to be
considered

The FAO/WHO Third Conference on Nutnition Problems in Latmn
Amenca ® made a number of recommendations for further work on 3
world-wide basts on the mamn questtons (n the pablic health aspects of
endemic goitre stll awaiting answer. Since these recommendations are stil
as valid today as they were seven years ago, they are quoted here in their
oniginal form:

“ fa) General studies

Public Health authortties should endeavour to:

(1) imteate investigations of the frequency of mental deficrency and
deaf-mutism 1 areas with and without endemie goiter;
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PrJ DE MOERLOOSE*

Introduction

Expenence has shown that 1odine deficiency 15 the essential ehological
factor 1n endemrc gortre and that 1odine prophylaxis has been successful
1n remedymg it In Switzerland,'3- 15 for example, where 10dine prophylaxs
was miroduced more than 30 years ago, endemic goitre has largely dis-
appeared, and the use of 10dized salt has not had any pathological conse-
quences At first sight 1t 1s surpnising, therefore, to find that only a few
countries have introduced this preventive measure and enforced 1t by law—
or to find that this step has only been taken quite recently

1t 1s true that insufficient 10dine 1ntake 1s not the sole cause of endemrc
goitre A vanety of other factors, whose nature and physio-pathologrcal
mechanisms are still ymperfectly understood, may play a secondary role
and, 1n some cases, may even be of magor importance * Even so, the effects
of these other etiological factors can usually be countered by mcreased
odine 1ntake, and 1n most countries where goitre 1s endemyc the reason why
sodine prophylaxis has not been made compulsory by law are of quite a
different mature This emerges clearly from the study of the prevalence and
geographical distribution of endemuc goitre made by Kelly & Snedden, in
which the measures that have been taken so far are also reviewed (see
pp 27-233)

In fact, health admnistrations m many countries find themselves
confronted with technical obstacles or policy difficulties which make 1t

ble to take ad ive or statutory measures While 1n some
countries or regions the technical problem is only of secondary importance,
in others 1t may be a very difficult one to overcome In certain countries,
only unrefined, coarsely crystalline salt 1s used Furthermore, chimatic
factors, such as temperature and humidity, may render suitably 10dized
salt unstable, and thus lead to further difficulties m the way of general

'Clu:f Hullh Legislauon, WHO, Geneva, Switzerlans
See for example, the chapter Enology of endemic go.m by} Roche & S Lassitzky, page 351
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sumption was only 5% of all salt consumed Thus figure had rsen to 307,
n 1934 as a result of intensive propaganda. ]n 1940, the New Zealand
Medical Research Council’s Thyroid C

that non-odized salt should be supplied only to people askmg specifically
for it and although this policy has not been nigidly followed, 809 of the
population were ustng 10dized salt by 1957 In the United Kingdom, the
Goitre Subcommuttee of the Medical Research Council noted that although
indvidual medical men had recommended the use of 1odized salt within
the district that they served, there had been no public demand for 1t *

In the Netherlands,? on the other hand, attention was drawn to the
danger of the public taking the imtiative m regard to todine prophylaxis
This may lead to excessive consumption of jodine with all 1ts attendant
dangers For this reason 1t 1s essental to establish official standards

It was probably because of the above constderations that the WHO
Study-Group on Endermc Goitre recommended that *  all food salts
should be 1odized compulsonily in any country or area 1 which goitre 15
endemue, local variations tn eidence of the disease being disregarded ™18

Legislation

Most of the regulations relating to the 1odization of kitchen salt and
other methods of 1odine prophylaxis date from 1950 onwards. However,
the use of 1odized salt was first made compulsory in 1924 ® (Switzerland,
Cantons of Nidwalden and Vaud} Between 1924 and 1950, stmilar legsla-
tion was mtroduced 1n Canada (1949), Costa Rica (1941), Hungary {1948),
Mexico (1942) and the Netherlands (1942)

Apart from these legal provisions, mimisterial circulars were 1ssued 1n
some countries (Austria, 1923: Sweden, 1936, 1950) for the sole purpose of
promoting 1odine prophylaxis In Switzerland also, cantonal health authorn-
ties 1ssued circulars for the same purpose (for example, Canton of Zurich,
1923)

Nevertheless, most of the regulations of this nature have been intro-
duced since 1950 Brazil (1953, 1956); Chule (1959), Colombia (1955) (under
the terms of an earlier text of 1945 the Institute of Nutritton was created and
the executive empowered to make the necessary arrangements in order to
find economic ways and means of combating goitre); Bulgana (1956, 1958),
Guatemala (1954, 1955); Panama (1955); Paraguay (1954) (text establish-
1ng measures of a temporary character only); Union of South Africa (1954)
and Yugoslavia (1953) It seems also that the use of iodized salt is compul-
sory it some parts of Northern Nigeria In the USSR, the Mmistry of

Health 1ssued instructions on the 1odization of kitchen salt in the period
1950-1955

© See 2150 the chapter Prevalens e and dutribution of endsmuc goltre by Kelly & Snedden, p 27
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prophylaxis based on this method. Again, some peoples may regard the
mtroduction of refined and todized salt with susprcion 1

There are also questions of policy 1t may be difficult for the health
admintstration of a country where there are other health problems demand-
ing priority to persuade the lepistative authorities that there is real justifica-
tion for wntroducing 1odine prophylaxis.

In addition the introduction of rodzed salt ratses economic problems: ¥
spectal equipment is required, toding compounds are expensive, and so 1s
the labour required for homogeneous mxing and the proper packing to
prevent loss of jodine  Iodine prophylaxis in two countries (Argentina,
province of Mendoza,® and Mexico,'?) was attended by economic difficul-
ties  If, in addition 1o ail this, 1t 1s re bered that some circl ven
medical ones—are opposed to the consumption of rodized salt, it 1s hardly
surprising that very few countries have made rodine prophylaxis compulsory
However, the most simple explanation of all 1s that in many countries no

ling survey or 1c i of the population has been
made unfil quite recently. In fact, 1t 1s only as a result of such surveys that
in the last few years several Latin American countries have introduced
regulations making 1odme prophylaxis compulsory

The various surveys have shown that endemic goitre 1s present, fo a
greater or lesser extent, i some 100 couniries and territories, but of these
only about ten have adopted legal measures to combat the disease In
Austria, the USA® and the Umted Kingdom,” the recommendations of the
scientific commuttees were in favour of the introduction of 1odized salt but
did not Iead to the enactment of legislation

In some countrics 10dine prophylaxis has been applted on a purely
optional basis or left to the imtiative and the propaganda efforts of the
health authonities This raises an mmportant question: should 1odine pro-
phylaxis be enforced by law or should the method of persuasion and propa-
ganda be adopted ?

The experience of vartous countries which have adopted one or other
of these approaches shows that legal compulsion 1s the only rapid way to
bring about the consumption of an adequate amount of iodized salt Some
authors estimate that 90% of the salt consumed must be iodized if endemic
goitre is to be eradicated  Sollgruber 1t states that in Austria, in spite of
propaganda in favour of the consumption of iodized salt, the popu}alxon
makes practically no use of « Vollsaiz *, although they can obtain it without
difficulty. In the State of Ohio in the USA, where experiments on pro-
phylaxis with jodized salt were made even before those m Switzerland, a
recent survey (1954) showed that 1t was still being insufficiently usr‘:d‘I In
the State of Michigan,? there is a sharp drop 1n the consumption of fodized
salt as soon as there 1s any relaxation in the efforts made to educate. the

public on this question. When jodized salt was introduced uiﬁfmﬂy into
New Zealand in 1924, its use was not made compulsory. Imtially, con-
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Chale 100 mg of iedine per kg of salt {1: 10 000), in the form of potassium
1odide (130 mg per kg), sodwm 1odide (120 mg per kg), potassium
jodate (170 mg per kg), or sodum jodate (160 mg per kg). If 1odide is
used 1t must be stablhzed by addition of one of the following substances
or the i d d being for 1 kg of salt

(a) bastc magnesium carbonate (10 g);
(8) basic magnestum carbonate (5-10 g) plus sodium thiosulfate (1 g);
{¢) sodwm thiosulfate {1 g) plus basic carbonates of magnestum
and calcium (7 5 g) plus calcivm oxide (1 g),
(d) tricalcium phosphate (10 g);
{e) tncalctum phosphate {9 g) plus sodwm bicarbonate (0 5 g} plus
dextrose (9 g).
Colombia . one part of 1odine 1n 10 000-20 000 parts of salt
Casta Rica: one ounce of potassium todide per ton of salt (L2 36 000)
Guatemala - addition of a mixture of potassium 1odate and calcium car-
bonate 1n the proportion of 1:9, 1n such an amount that the final product
contains not more than one part of 10dine 1n 10 000 parts of salt nor less
than one part of 1odine 1 15000 parts of common salt
Hungary. 10 mg of potasstum rodide per kg of salt in endemic zones
(1: 100 000), 5 mg of 1odide per kg of salt, agamst medical prescription, !t
m para-endemic zones (1: 200 000)
Mexico. 15 mg of potasstum or sodium 1odide per kg of salt (1- 66 000).
Panama  one part of jodine 1n 10000-15000 parts of salt
Switzerland . 1n two cantons {Appenzell and St-Gallen), 10 mg of potasstum
10dide per kg of salt (1. 100 000), 1n the other cantons, 5 mg of potassium
10dide per kg of salt (1. 200 000)

Union of South Africa mnot less than 10 p pm {1100 000) and not more
than 20 ppm (1 50000) 10dide d for
*“Jodme-fortified salt *)

Yugoslava 10 mg of potassium 1odide per kg of salt, or an amount of
sodium 1othde comamng the same quantity of 10dme (1 100 000).

In the USSR also, mimstenal mstructions 1ssued 1n 1950 provided for
the 10dization of kitchen salt i the proportion of 10 mg of potasstum 1odide
per kg of salt

In France,® the Higher Health Council (Conseil supérieur d’Hygiéne)
recommended that the 1odme content of common salt expressed as sodium
1odide, should be not less than one part and not more than one-and-a-half

palrts m 100000 parts No stabilizing agents should be added to iodized
salt

30
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Of the legal texts mentioned above, the only ones making the use of
1odized salt compulsory throughout the national territory are those of
Canada, Colombta, Costa Rica, Guatemals, Panama, Paraguay and
Yugoslavia In Switzerland, where the authonty in matters of health is
decentralized, the measures are applicable throughout the cantons where
they are promulgated

In Brazd, Bulgana, Hungary, Mexico and Peru, the legislation covers
only the goitrous areas In the Netherlands, the measures are applicable
to certain communes. In Mexico, the law applies only to areas where more
than 209; of the inhabitants are suffering from goutre, and in Brazil, only
to those localities where the endemictty rate exceeds 159 in male and 25%
m female children It has been suggested that jodine prophylaxis be insti-
tuted when 107 or more of children between 7 and 15 years of age show
visible enlargement of the thyroid gland ®

In Paraguay, the 1954 legsl, was of a temporary character only
1t provided for the admmistration of 10dized chocolate to schoolchildren
for 30 weeks pending the introduction of prophylactic measures to cover
the whole population

The Chilean legislation authorizes the introduction of iodized salt but
does not indicate whether 1ts use 1s obligatory

Obviously, the existence of a legislative text does not necessanly mean
that it 1s applied. Stacpoole 12 refers to the fact that in Mexico (where
10dized salt was to be used mn the gortrous regions, tn whech the endemicity
rate was high) the tect 1 and fficulties encountered were
such that, several years after the promulgation of the regulations, only a
few thousand people were consuming jodized salt It 1s true that other
techniques were used, but these were only for the benefit of schoolchildren

Levels of Todization

1. Jodized salt

The most commonly used method of remedying iodine deficiency s the
iodization of kitchen salt. The WHO Study-Group on Endemtc Goitre 1
recommended that * food salt ” be 10dized 1n the proportion of 1.100 000
(10 mg per kg), on the basts of a daily salt consumption of 10 g It was
agreed, however, that this proportion might be vaned 1n cases where daily
salt consumption has been shown to differ from 10 g The proportions of
10dine or iodide required by the regulations of the vanous countres are as

follows:

Brazid. 10 mg of iodine per kg of salt (1: 100 000)

Bulgaria: 20 g of potasstum 1odide stabilized with 10 kg of sodium thio-
sulfate and 200 g of magnesium carbonate per ton of salt (1: 50 000)

Canada: 100 mg of potassum jodide per kg of salt (1+ 10 000)
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samples arc taken by representatives of the health and epidemiological
services of the USSR Ministry of Health or by the authorities in charge of
goitre control In Colombia, the Ministry of Health 1s responsible for the
nspection of 10dized salt, 1t takes samples and supervises the preparation.
In Guatemala, the General Association of Salt-Makers is authonzed to
imspect private factories preparing the salt, and 1s responsible for notifying
the health authonties of any fault, deficiency or 1rregulanty and for taking
the measures necessary o each case to remedy such defects The Public
Health Adnumistration may also order the inspection of factories by depart-
mental delegates or health inspectors in order to ensure that the salt 1s
being correctly 1odized. For this purpose the Admumistration has samples
taken both where the salt is prepared and where it 15 distributed In Peru,
supervision 1s entrusted to the medical officers 1n charge of the health umits
of the departments where the State salt enrnichment factories are situated

Such factories are required to report each month to the Department of
Endemic Goitre the quantity of salt that has been 10dized and to supply
samples taken at both the factory and the place of distnbution.

Packing and Labelling of Iodized Salt

Some regulations include conditions governing the packing and labelling
of 1odized salt offered for sale In Bulgaria, fine 1odized salt for retail sale
must be packed in s made of p paper and cardboard;
salt for wholesale supply must be in a triple wrappmg. The following
details must appear on the packing. the name “Yodized kitchen salt ', the
1odine content (mg per kg) at the time of deltvery by the supplter or manu-
facturer, the date of production, the name of the supplter or manufacturer,
and the net weight In Guatemala also, the packing must carry, i legible
prnt, the name of the , the facturer's trademark, the
place of manufacture, and the countermark of the General Association of
Salt-Makers In the USSR the salt 1s sold retail in packages of 300-1000 g
and the packets, consisung of multiple wrappers, must show the following
details. “Todized kitchen salt ”, quantity of 1odide m mg per kg at the ime
of delivery by the manufacturer, the manufacturer®s name, the quality of
the salt, the size of the crystals, and the net weight. In Canada, the presence
of 10dide must be indicated on the label.

Provisions relating to Technical and Financial Assistance

The of 10dne IS ratses and
problems, but only a few of the regulations contain any provistons to facili-
tate the preparation and distbution of 1odized salt.

In Brazil, the Munistey of Health facilitates the importation of sodjum
todide or potassium 1odide and supplies 1t at cost price to firms preparing
1odized salt The Nattonal Salt Institute, m collaboration with the Health
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2 Other methods of iodme prophylaxis
Netherlands. Formerly the quantity of potassivm iodide to be incorporated
in ktchen salt for use in bread-making in the communes mentioned in the
relevant Ministerial Order was 31 mg per kg of salt; at the present time
the quaatity of rodide hias been ncreased to 39 mg, In 1952, the use of
sodized salt in bread-making was pulsory tu 260
Paraguay (trausittonal measures) Each schoolchild receives one tablet
of chacolate containtog 10 mg of 10dine once a week for 30 weeks
Sweden (1936). The circutar of 1936 states that two methods of prophylaxis
are available one consists of the addition of a very small amount of
todized salt to common salt, for example 1 g of jodized salt per 10 kg,
the other 15 school prophylaxis During the first trials, schoolchildren
were given one pastille of 10dized Iiquonice, contarming 200 mg of sodium
10dide, every day for ten days m spnng and in antumn  No cases of
Basedow’s disease were observed In 1950 the mstructions were changed,
and 1t 1s now recommended that jodized sweets should not be distributed
to children except where 1t is certam that yodized salt 13 not being con-
sumed The 1odized sweets contain one mg of 1odine and are distributed
ance a week
The segvlations may provide for certain exceptions. Thus, in Swatzer-
fand, 1t was already possible in 1924 to obtain non-todized salt in two can-
tons ¢n pr jon of & medical ption and at the express wish of the
person concerned. In Costa Rica, the salt co-operative supplies non-
sodized salt to pharmacies and to persons presenting an appropnate medicat
certificate  This prevents consumption of 10dized sait by persons in whose
case there is some medical contra-indicarron  In Panama also, pharmacies
may sell dized salt on ion of a medical prescription

Control of Salt Yodization

In some cases, the regulations provide for supervision of iodization
factones and nstallations, and for analysis of samples of rodized salt to
check whether the product contaws the stipulated amount of todine

In Brazd, for example, the rule is that the factorres must be nspected
at least every four months, and salt samples taken at each jnspection In
Bulgana, iodized salt must be analysed every two months and more often
1f there is any suspicion of its deterioration dunng storage; any stock of salt
whose fodine content falls below 5 mg per kg must be l'mm:.dm(ely‘dlspuscd
of. Requirements in the USSR (1950) are the same, rpe instructions also
provide that consignments of salt must be acco'mpan.lcd by.a ccmﬁcal:
indicating the 1wdine content and that, if difficulties arise during ‘tmnsx;m[’(
or if the packing is defective, the salt must also be analysed on arrival, Sal
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samples are taken by representatives of the health and epidemtological
services of the USSR Ministry of Health or by the authonities in charge of
goitre control In Colombia, the Mimstry of Health 1s responsible for the
inspection of 10dized salt; 1t takes samples and supervises the preparation.
In Guatemala, the General Association of Salt-Makers is authonzed to
1nspect private factories preparing the salt, and 15 responsible for notifyrag
the health authorities of any fault, deficiency or rregularity and for taking
the measures necessary in each case to remedy such defects The Public
Health Admrmistration may also order the inspection of factories by depart-
mental delegates or health inspectors in order to ensure that the salt is
being correctly 10dized For this purpose the Admmistration has samples
taken both where the salt 1s prepared and where it 15 distnbuted. In Peru,
supervision is entrusted to the medical officers 1n charge of the health umts
of the departmeats where the State salt enrichment factories are situated.
Such factories are required to report each month to the Department of
Endemic Goitre the quantity of salt that has been 10dized and to supply
samples taken at both the factory and the place of distnbutron

Packing and Labelling of Jodized Salt

Sore regulations include conditions goverming the packing and labelling
of 10drzed salt offered for sale. In Bulgana, fine todized salt for retail sale
must be packed in made of h paper and cardboard,
salt for wholesale supply must be in a triple wrapping. The followng
details must appear on the packing the name “ Jodized kitchen salt ”, the
todine content (mg per kg) at the time of delivery by the supplier or manu-
facturer, the date of production, the name of the supplier or manufacturer,
and the net weight In Guatemala also, the packing must carry, 1n legible
print, the name of the the er’s trademark, the
place of manufacture, and the countermark of the General Association of
Salt-Makers. In the USSR the salt 1s sold retail m packages of 300-1000 g
and the packets, consisting of multiple wrappers, must show the following
details: “ Iodrzed kitchen salt , quantity of iodide m mg per kg at the time
of delivery by the manufacturer, the manufacturer’s name, the qualty of
the salt, the size of the crystals, and the net weight. In Canada, the presence
of 1odide must be indicated on the label

Provisions relating to Technical and Financial Assistance

The mtroduction of todine prophylaxis rasses technical and econoruc
problems, but only a few of the regulations contarn any provisions to facili-
tate the preparation and distribution of iodized salt

In Brazil, the Ministry of Health facilitates the importation of sodium
rodide or potasstum 10dide and supplies 1t at cost price to firms prepanng
todized salt. The National Salt Institute, in collaboration with the Health
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Departments of the States concerned, gives the salt merchants technical
assistance tn the installation of the equipment necessary for the preparation
of 1odized salt. Jodized salt, 1n packages marked accordingly, is carried
at a reduced tariff on the ratlways

In Guatemala, any firm producing more than 4000 quintals (400 000 kg)
of salt per year must acquire and nstall the necessary equipment to enable
it to supply iodized salt. The General Association of Salt-Makers transauts
to the competent authorities the necessary applications for exemption from
customs dutses, etc , 1n order to i the purchase of equij for the
preparation of jodized salt. Where the annual production of manufacturers
is less than 4000 quintals of salt, the General Asspciation of Salt-Makers
must set up iodizatton factortes for the bencfit of these producers The
Association provides small producers with all the facilities and techmical
awd necessary for the correct 1odization of thew salt.
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Acetylcholime, 10 expenmental goutre, 292
Acin, see Follicles
ACTH, m expenmental goutre, 298
Adenomas, foetal, 331, 335
follicular, 331
Hurthle’s oxyphilic, 334
macrofollicular, 333, 335
mcrofollscular, 333, 335
toxic, 344, 392, 397
(see also Thyrotoxicosis)
trabecular, 333
tubular, 333
(see alse Nodules 1n the thyrod)
Adenomatous goitre, see Nodular goitre
Adolescent goitre, see Physiological goitre
Adrenal glands, tn expenmental goitre,
292, 297
Afghanistan, 153
Africa, 114-148
A, 1odine content, 21, 71, 353
Albania, 85
Algeria, 114-117
Aluminium sulfate, as stabilizer for 10dized
salt, 433
America, 30-58
Amino-acids, todinated, 265, 357
Anatomy of the thyroid, 16, 17, 315-317
Arngola, 131
Ammal goitre, 61, 84, 114, 143, 148, 160,
180, 182, 184, 197
Antithyroid compounds, 66, 341, 356,
357-359
(see also Thyrostatc drugs)
Argentina, 52:54
Arterosclerosts, relationshup to goitre, 61
Asia, 143-185
Athyroidism, acquired, 249
congemtal, 246-248
Australia, 188-192
Austria, 85-87
Auto-immunization, in experimental goitre,
306-310
Autonomic nervous system, 1n expenmen-
tal goitre, 284-287
Autoradiography, 328, 336, 342, 343

Basal metabolic rate, m endemuc goitre,
289, 293, 298, 303, 352
1n expenimental gortre, 352, 394
Basutoland, 145, 146
Bechuanaland, 145
Belgian Congo, 138-142
Belgum, 105
Bismuth salts, effect on goitre, 398
Blood-todide level, 261
n expenimental goitre, 288, 289, 293
Bolvia, 48, 49
Brassica genus, gortrogentc action, 66,
194, 195, 197, 269, 359-362
Brazl, 55-58
Bread, 1odized, 69, 75, 190, 399, 411, 458
Brine, todization of, 423
Brtish Cameroons, 125
Britesh Somaltand, 137
Bronchocele, 11
Brussel sprouts, goitrogen:c action, 359
Bulgana, 80, 81
Burma, 163

Cabbage, goltrogentc action, 66, 90, 91,
105, 281, 359, 381
Calaiem, goitrogenie action, 21, 92, 146,
267, 362, 393
i drinking water, 13, 20, 158, 362, 398
1n sotl, 21, 147, 158, 176, 362
(see also mumerous references i Kelly
& Snedden, pp 27-233)
Caleinm carbonate, as stabilizer for iodized
salt, 457
Calcium chionide, as stabilizer for 10dized
salt, 433
Calcwum ovide, as stabilizer for 10dized
salt, 457
Calcium phosphate, as stabilizer for 10dized
salt, 422, 457
Calcrum stearate, as stablizer for 10dized
salt, 422
Cambodia, 164
Cameroun, 127
Canada, 30-33
Canary Istands, 118
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Cancer, 245
of the thyrod, 244, 337, 397

Caprivi strip, 131, 144

Carbohydrates, 363

Cathepsins, 263

Caulifiower, gottrogenic actron, 359

Central America, 3741

Central nervous system, in  expermental
goutre, 280

Ceylon, 161-163

Cheiroline, goitrogenic action, 195

Chile, 49-52

Chrna, 174-180

Chloralose, tn expertmenta! goitre, 281

Chlorpromazine, m expertmental goitre,
282

Chou-mocllier, goitrogenic action, 66, 194,
195, 197, 269, 361
Cobalt, goitrogenic action, 250
Collod, 237, 315, 323-326
Collod gortre, 236, 237, 322, 326
Colombua, 41-45
Congenital thyrord hypertrophy, 339
Consanguimty, 20, 255
Cook Islands, 199
Cortisone, 1 experimental goitre, 309
Costa Ricz, 3
Cretimsm, 245-246
classification,
endemic, se¢ Endemic crettnism
familial goitrous, 248
Cruciferae, goitrogenic action, 195, 360
Cuba, 40
Cystic gotre, 390
Cystic nodules, 328, 337
Cytology of the thyrotd, 315-317
Czechoslovakea, 89-92

Deaf-mutism, 247, 251, 256, 381
(see also numerous references in Kelly
& Snedden, pp 27-233)
Decortication, m experimental gottre, 282
Degenerative changes tn thyroid, 243, 390
Denmark, 64-66
Desoxycorticosterone, in experimental
goitre, 298
Duagnosts, 370, 371
Daet, 66, 105, 159, 182, 381
(see also Malnutrition)
Duffuse goutre, 127, 370, 395
Duodotanric zcid, ISZ
Dnodothyromine, 264
Diiodotyrosine, 261-264, 356, 357
Domimcan Republic, 40

ENDEMIC GOITRE

Drinking water, goitrogemie springs, 113,
117, 157, 170, 180
hardness, 13, 20, 362, 398
1odne content, 21, 320, 353
10drzatton, 68, 399, 411
lime content, 13, 20, 158, 362, 398
pollution, 144, 157, {62, 364, 450
salt springs, 173
(se¢ also numerous references in Kelly
& Snedden, pp. 27-233)
Dry-miung  process for rtodization of
salt, 421-423, 424-426

Ecuador, 46

Egypt, 131-133

Eure, 11)

El Salvador, 38

Electric shocks, 11 experumental goutre,
281, 282

Endermc cretimsm, 245, 250-256, 342, 344,
388

classification, 251-253
etiology, 254-256
history, 13, 15, 19
(se¢ also numerous references in Kelly
& Snedden, pp 27-233)
Endemc goitre, age of onset, 235
classification, 342, 374376
control, 443-452 .
defimtion, 320
mternational collaboration, 447-449
research, 450, 451
surveys, see Surveys of endernic goitre
(sec also Etrology, History; Prophylaxs,
erc)
Endocrine system, tn expersmental gotre,
295-304
England and Wales, 105-109
Epidemic gaitre, 239, 342
Ernrea, 137
Estonian SSR, 66
Euology, of endemic cretinism, 254-256
of endemic gortre, 20, 157-160, 351-368
Ethiopia, 136
Europe, 59-114
Euthyroidism, 1 goitrous subjects, 237,
242, 344
Exophthalmic gottre, 18, 90
(sce also Thyrotoxicosis)
Experimental goure, 279-213, 331, 352

Familial gourous crettnism, 248
Fats, goitrogenic action, 188, 363
Fipt Islands, 199
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Finland, $9-62
Fluorne, goittrogenic action, 88, 145-147
Fluorosis, association with goitre, 100, 118,
124, 159
Foctal adenomas, 331, 343
Folhcles, 315, 317, 357
changes 1n, 236, 237
n expenimental gowtre, 281, 285, 294,
303, 307, 309
Follicuhn, 139, 341
Food, goitrogens n, 239, 269, 341, 356,
359-362, 381, 390, 398, 450
indirect gotrogenic effects, 362
1odine content, 21, 353
{see also Dhet; Malnutntion, and numer-
ous references in Kelly & Srnedden,
p 27.233)
France, 112-114
French Equatonal Africa, 126-131
French West Africa, 118:122
Friendly Islands, 199

Gambia, 122
Geochernistry of 1odine, 27, 71, 77, 185
Geographical distnibution, 27-233
Geological features, refation to Eoitre,
27, 28, 84, 100, 120, 123, 125, 140,
161, 168, 197
Germany, 92-95
Ghana, 124
Gortrin, 360
Goitrogenests, 236-238, 321-326, 351, 370
Gostrogens, 60, 341, 356-357
epidermological studies, 361
experumental studies, 359-361
1 food, see Food, goitrogens m
Graves® disease, see Thyrotoxicons
Gresce, 85
‘Groundnuts, goitrogenie action, 359
Growth retardation, tn cretins, 249, 251
Guatemala, 37

Haemangio endothefioma of the thyroid,
337

Hawanan Islands, 199
Health significance of endemic goitre,

Histoautoradiograpby of the thyroid, 328,
335, 342, 343

Histochemical analysis of thyroid tissue,
338

Histology of the thyroid, 315.317
changes in, 317, 336, 339
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His'ology of the thyroud (continied)
1n expenimental gostre, 281, 285-287, 294,
303, 306-310, 342
Hustory of goitre, 9-25, 385-389
Honduras, 38
Hormones,
tn experttmental goitre, 293-304, 309
1nfluence on thyroid activity, 341
Hungary, 87-89
Hurthle’s oxyphilic adenomas, 334
Hiirthle’s oxyphilic cells, 330
Hyperplastic phase of goitre, 236
Hyperthyroidism, 89, 94, 180, 344, 397
(see also Thyrotoxicosis, Jod-Basedow)
Hypophysis, see Paturtary gland
Hypothalamus, 236
Hypothyrotdism, 18, 243, 344
acquired, 249
post-operative, 397
treatment, 389, 394, 395

Icetand, 59
Idiocy m eretins, 38, 79, 95, 103, 157, 247,
57

Immunopathology, 1n experumental gortre,
304-310
Indian perunsula, 153-161
Indo-China, 164-166
Indonesia, 167-173
Infection theories of goitrogenesis, 16, 129,
130, 364
Innervatton of thyroid, 1n expertmental
goltre, 287-200
Intermarrtage, see Consanguinity
lodide concentration 1n the blood, see
Blood-1odide level
Todide trapping by the thyroid, 236, 262, 263
Todine, determunation m common salt, 438
determnation in 10dized salt, 437, 438
discovery, 21, 385
geochemistry, 27, 71, 77, 185
moair, 21, 71, 353
in feod, 21, 353
n sot, 24, 27, 320, 353
n water, 21, 329, 353
mean daily intake, 60, 261, 436
telease from thyioid, 261-266, 274, 356
Todine acne, 446
Todine compound for 10dization of salt,
401, 424, 433435
Todine defictency, 21, 267-276, 320, 351-
356, 390
assessment, 370, 374
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fodine deficrency (confintied)
n experimental goitre, 293-304
{see also numerous references in Kelly &
Sredden, pp. 27-233)
lodime metabolism, 261-266, 274, 356
Jodine prophylaws, 239, 398407
admuustrative problems, 36, 436, 447
comphications, 404
cost, 447, 454
effect on weight and structuce of thyroud,
339

history, 21-33, 43, 386-388, 412, 443
indicatrons, 402, 403
legislateon, 446, 453-462
(see alsa Todiwzed bread, lodized salt, ete.,
and numerous referenves wn Kelfy &
Snedden, pp 27-233)
Todme requirements, 353, 400, 436
lodine therapy, 239, 390-394
complications, 21, 391
dosage, 24, 390, 394
history, 21, 385
Todine thyroddits, 393
Todine uptake by the thyrosd, 267-272, 354,
403

nfluence of chlorpromazine, 282
anfluence of hormones, 299-304
influence of Novocaine, 287-304
Todism, 392, 404
Todized bread, 69, 75, 190, 399, 411
Todzed chocolate, 58, 101, 107, 411, 458
lodized mulk, 411
lodized oil, 179, 188, 41
Yodized salt, 21-23, 339, 353, 378, 399-407,
411441
control of wdizatton, 458
cost, 447, 454
deternmunatian of wdine content, 437
distnbution, 447
mstory, 43, 386-388, 443
iodization processes, 414-431
Jegisiation, 446, 453-462
level of 10dization, 399-401, 438, 435, 457
objections, 434-44
packing and labelling, 419, 432, 433, 459
safety, 445
stabality, 431435, 449
stabizanon, 425, 422, 433, 456, 457
storage, 424, 432, 45
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fodostarin, 152

Iran, 153

Ireland, 111

Isp-immunization, n experimental goitre,
05-310

Isothiocyanates, gowrogenic action, 195

Isracl, 152

Ttaly, 97-10}

Japan, 182-184
Jod-Basedow, 386, 390, 392, 404, 445

Kate, gortrogenic action, 66, 194197, 269,
36t

Kashnur, 153157
Korea, 180

Laos, 164

Latvian SSR, 66

Lebanon, 151

Legislation on 1odme  prophylavis, 446,
453462

Lime, see Catcrom

Lithvaman 8SR, 66

Lobectomy of the thyroid, in expenimental
goitre, 297

Lobules of the thyroid, 315, 328

excision, 297

Madagascar, 148

Madeura, 118

Magnesitm carbonate, as stabthzer for
wdrzed salt, 42), 456, 457

Magnesium  chlonde, as stabihzer for
sodized salt, 433

Malaya, 166

Malnutrition, role mn goitrogenesis, 47, 49,
94, 100, 137, 4.
Isee also Diet; Food)

effect on thyroid, 340

Malta, 101

Mass prophylaxs, see lodine prophylaus

Menarche, effect on thyroid, 241

Menopause, effect on gostre, 344

Menstruation, effect on thyroid, 241, 341

Mental deficrency, see §iocy in cretns

Mental retardation, m creuns, 249, 251
(see also 1drocy in cretinsy

in goitrous persons, 43, 58, 63, 95, 403
effect on iodine metabolism,

{see also mumerons tn Kelly &
Snesblen, pp 27-233

Todized sweets, 36, 53, 107, 399, 458

Todized xabkls, 163, 190, 192-194, 399, 411

Jododerma, 44

21
Methylthouractl, n experimental goitre,

Meco, 3837
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1t n Panama, 40
tal goutre, 281, 303 Paraguay, 54
Mulk, goitrogens 1n, 66, 194, 361, 450 Parasympathectomy, effect on  thyroid
fodine content, 60, 354 metabolsm, 284-287

indization, 411
Monotodothyronine, 264
Monowdotyrostne, 263, 264, 356, 357
Moroceo, 117
Mustard seed, goitrogenic action, 359

5

Pathogenests of goitre, 321-326, 351, 370
Pathogenesis of the thyroid nodule, 326-
330
Pathological anatomy of endemic gortre,
315-368

e
congemital, 246-248

Natural hustory of endemuc goutre, 235-245
Nepal, 154, 159, 160
Netherlands, 67-70
Neurosts, mn experimental goitre, 281, 282
New Guinea, 187, 188
New Zealand, 196-198
Nicaragua, 39
Nigerta, 124-126
Nodular goutre, 61, 127, 242, 321, 326-339,
370, 395
effect of 10dine prophylaxis, 406
(see also Nodules in the thyroid)
Nodules m the thyrod, 242, 321, 326-339,
370

autoradiography, 328
bemgn development, 337
classification, 333
cystic, 328, 337
distribution, 331
frequency, 330
histelogy, 335
1n cretsns, 342
macrofollicular, 333, 335
malignant development, 336
mucrofollicular, 333, 335
pathogeness, 326-330
pathology, 332
regressive, 331, 333
relationshup to puberty, 327

Non-visible goitre, 371

North Borneo, 172

Northern Ireland, 110

Northern Rhodesta, 142

Norway, 63

Novecaine, 1n experimental goltre, 287-293

Oestradiol, i expesimental goutre, 298
Open-pan process for jodization of salt,
413,423

Pakistan, 153-161
Palpation of goitre, 373.375

effect on iodide trapping,
263, 358

Peru, 47

Phiipptne Islands, 184

Phosphorus uptake, of the adrenals, 292
of the pituitary, 292

Phystologrcal goitre, 339, 370, 403

Physiology of endemuc goitre, 261-277
history, 17, 18

Pineal extract, 1 expertmental goitre, 298

Putwitary gland, 236, 266, 351
mn experimental gonre, 287, 292, 297,

Plummer’s discase, see Thyrotoucosis,
Toxic adenoma

Poland, 70-73

Portugal, 104

Potassium chlonide, as stabibzer for 1odized
salt, 433

Potassum jodate, for jodization of salt,
407, 424426, 432, 433-435, 449, 457

Potassium jodide, effect on 1odine uptake,
270

for 1odization of salt, 415435, 449, 456,
457

comparison with potassium jodate,
407, 433-435, 449

prophylaus with, 152, 361, 387, 400402,
404

therapy with, 391
Pregnancy, effect on thyroud, 341, 394
Prevalence of endemic gotre, 10, 14, 19,
20, 27-233
i children, 238
Prevention, see Prophylaxis
Procarne, see Novocaine
Progoitrin, 360
Prophylaws of endemuc gostre, 398-407
lustory, 386-388
(see also Jodine prophylaxis)
Protein-bound wdine, 265, 267, 355, 394
Protem deficiency, 363
Pscudoadenomas, 332
Puberty, effect on thyroid, 339, 341
relationship to nodular gottre, 327
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Radioactve 10dine, uptake tests,
iodie uptake by the thyroid
Radroactwvity of soifls, 88
Ranfall, 71, 139, 140, 161, 162, 187, 19t
Rape seed, gouragenic action, 359
Regressive nodales, 331
Resoremol, goitrogenic action, 361
Rocks, sz G

se¢
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Southern Rhodesia, 143
South-West Africa, 144, 145, 148
Soya flour, goitrogeme acton, 66, 359
Spain, 101-104
Sponges, tn the treatment of goitre, 10, 12,
21, 385
Sporadic goitre, 236
39

features
Romania, 78-80
Ruanda-Urunds, 140

Rubber, intrathyrord injections mn experi-
maatal orutra 202,905

Spraying process for todization of »salt,
416-421, 426431

Steriity, assocaation with gostre, 139, 141

Quretnn 1272126
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Thyroid, anatony {contnued)
exciston, see Thyroidectomy
follicles, see Follicles
function, 17, 18, 261277
Golgt apparatus, 316
growth, 317
Iistoautoradiography, 323, 336, 342, 343
histochemical analysis,
thistology, see Histology of the thyroid
1odine content, 272
lobules, 297, 315, 328
mitachondnia, 316
palpation, 373-375
size, 372
weight, 315, 317-320, 339, 404-106
Thyroid aplasia, congenttal, 246-248
Thyroidectomy, 10, 18, 389
Thyrotd hormones, 22, 264-267, 355
arculating, 265
formatton, 264
vegulatory effect, 266
storage and release, 264
turnover, 266, 273
Thyrowd hyperplasta, 236
Thyrowditss, immunity, 306
10dine, 393
Thyrord nodules,
thyroid
Thyrotd/plasma ratio, 262
Thyroid preparations, 10, 240, 271, 388,
394-396
dosage, 395
Thyrosd-simulating hormone, 236, 262,
266, 274, 351
m expenimental goitre, 398
in treatment of goitre, 398
Thyrostatic drugs, gortrogenic action, 341,
357-359
Thyrotoxlcnsns‘ 65,90, 105, 117, 136, 142,
0, 271, 273
(:Ee al,w Exophthalmuc gorre)
secondary, 243, 344, 397
(see also Jod-Basedow)

see Nodules In the
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Thyrotropic hormone, see Thyroid-stimu-
lating hormone
‘Thyrotropin, see Thyroid-stimulating hor-
mene
Thyrotodine, 22
Thyroxine, 22, 261, 264, 266, 271, 282, 306,
351, 357
treatment with, 340, 396
Tibet, 154
Tonga, 199
Touc adenoma, 344, 392, 397
(see also Thyrotoxicosis)
Toxic gotre, see Thyrotoxicosis
Trabecular adenomas, 333
Trapping of 1odide by the thyroid, 236,
262, 263
Treatment, see Therapy of endemic gottre
“Truodothyronine, 261, 264, 266, 271, 357,
396

Tubular adenomas, 333

Tumours of the neck, 9, 11

Tarkey, 150

Turnips, goitrogenic action, 117, 359
Turnip weed, goitrogenic action, 195

Union of South Africa, 143-148
Uruguay, 54

USSR, 73-18

Vacuum process for 1odization of salt,
414, 415
Venezuela, 45
Viet Nam, 165
Vitamun A, deficiency, 94, 124, 163
thyroxine antagomism, 363, 381
Vitamins, 137, 363

Water, see Drinking water

Yemen, 150
Yugostavia, 81-85









