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TOREWORD

A. PROGRAM of nutrition research was imtiated
by the author more than fifteen years ago in the Depart-
ment of Medicine at Tulane University In its incipiency,
research dealt largely with the B group of vitamins i
human nutrition  As the program expanded, investigation
of protein, carbohydrate, hpid, mincral and vitamin
metabolism has been mncluded Basic biochemical re-
search and studies 1n experimental animals as well as
man have been integral parts of the program A spectal
chnic for nutntional diagnosis and therapy was estab-
Iished 1n the Hutchinson Memoral Clinic at Tulane and
nutntional consultation services were imtiated at Chanty
Hosputal of Louisiana at New Orleans In addition, the
program has mncluded teaching of clinical and biochemical
aspects of nutntion to undergraduate medical students
and to post graduate students 1n both biochemstry and
medicine  Much of the matenal included in this review
stems dectly or indirectly from knowledge and expen-
ence gamed through development of this nutntion pro-
gram

The purpose of this monograph was to gather together
and evaluate current information on nutnitional diagnosis
Need for a résumé 1n this field has been apparent for some
time 1t 1s hoped that such a summary will prove useful
to the practiemg physician i evaluating the nuintional
problems of his patients, that 1t will generate interest 1
the field of nutrittonal diagnosis and that 1t wall stimulate

mvestigation which may lead to more precise diagnosis
m the future
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Collection and choice of matenal for inclusion n this
review has been a fornudable task There are so many
facets that it 1s dufficult to cover the entire nutrition spec-
trum adequately m a reasonable amount of space In view
of the extenstve literature, 1t has not been possible to give
mdividual credit to everyone who has made significant
contrnibutions, desirable as 1t would be to do so In the
bibliography, reference has been made to reviews and
symposia whenever possible, rather than to reports of m-
dividual research Fmdings which are generally accepted
have not been annotated, while recent reports and new
methods of diagnosis have recewved specific ertation 1
most mstances

Publication of this book provides a welcome oppor
tumty to gratefully acknowledge the assistance of many
persons, foundations and agenctes Our nutntion pro
gram could not have reached its present status without
the contmued nterest and financial support of the Nutr-
tion Foundation, the Willams Waterman Fund of the
Research Corporation and the Division of Research Grants
and Fellowships of the Public Health Service

The author 1s most grateful for the assistance and co
operation of many distingmshed colleagues The late Dr
John Herr Musser, who was Professor of Medicme at Tu-
lane Umversity for many years stimulated my ongmal
mterest 1 nutritional problems This interest was en
couraged by Dr Russell Wilder under whom I was privi-
leged to study at the Mayo Chme The assistance and
wise counsel of Dr C Glen King and Dr Robert R Wil
liams over a number of years have been of mnestimable
value The opportumty of working with members of the
Food and Nutrition Board of the National Research Coun
cil and of the Council on Foods and Nutntion of the
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American Medical Association has been most stimulating
and 1s decply appreciated

I am indebted, also, to the past and present members
of the Nutrition Research Group at Tulane University who
have worked with me in the chinies, hospital wards and
laboratories  The help of my capable seceretary 1s also
gratefully acknowledged This book was wtten largely
during summer vacations and I am indebted above all
to my good friend Sue Cannon Price for her encourage-
ment and understanding and for shaning the difficulties
and frustrations inherent 1n preparation of this mono-
graph
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INTRODUCTION

Nmmox,\n diagnosis is an integral part of
every medical evaluation even when attention is directed
pnmanly to some other phase of 1 patient s problem and
nutnitional therapy is an essential ferture in the manage-
ment of every discase state although 1t may nvohe only
mstitution or mamtenance of an adequate dict Unfor-
tunately, the nutntional state of a patient 1s often taken
for granted or dismissed with a cursory observation of the
abundance or scarcity of bodily fat A note may be made
1n the record “well developed and well nounshed” and
myvestigation 1s pursued 1n other directions

In genera), medical practice has not hept abreast of the
tremendous advances m nutnitional science and the refine-
ments 1 nutntional diagnosis which have been evolved in
recent years It 1s true that the health hazards of obesity
are recewving considerable emphasis and the importance
of electrolyte balance 1s recogmzed with increasing fre-
quency Nevertheless, these are only facets, although
mportant ones, 1 the broad field of nutrition Vitamins
have been prescribed for a wide vanety of major and
minor complamts, often without reason or justifiable hope
of eficacy Each new witammn has been heralded as a
panacea for many of the unsolved problems of medicine
Such unscientific enthusiasm has resulted 1 unwarranted
scepticism on the part of many physicians as to the mm-
portance of vitamuns and of other nutntional factors as
well, i the pathogenesis and therapy of disease

The term nutntion 1s often considered m a narrow
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4 NUTRITIONAL DIAGNOSIS

sense as meamng knowledge of the essential chemcal
substances which must be meluded m the diet and appl-
cation of this knowledge to dietotherapy The science of
nutrition embraces a much wider field Knowledge of
the role of essential nutrients mn metabolism, which
cludes the whole realm of nutntional biochemistry, 1s
vital mn the understanding of normal bodily function and
the many disturbances which oceur mn disease Many
types of disease, whether mfectious, metabolic or de-
generative, mfluence the nutntional state of the patient
and 1n tumn, nutntion mnfluences the prevention, develop
ment and regression of many pathologic states

Nutritional diagnosis means much more than the de
tection of some overt defictency disease, a concept preva-
lent some years ago Today, 1t 15 essential to think less
m terms of specific deficiency states and more 1n terms of
disturbances 1n the biochemical reactions of the body
The diet must furnish the potential energy for basal meta
bolic processes and for physical actaty and, also, all of
the chemmeal substances needed for mamufacture of new
tissue  Recent mvestigations, usmg 1sotopic techmques,
have mdicated that the components of cells are constantly
being broken down and reconststuted, requirng contmn-
uous replenishment with essential nutnents (1) Nuin
tional diagnosis implies, therefore, evaluation of the bio
chemical milieu within and outside of the cells, as well
as detection of abnormalities of function and structure of
the organs and tissues of the body Recent studies of the
role of mitochondria and other cellular umts 1n oxidative
metabolism lmk cytology and biochemustry closely to
gether and may lead to better correlation between patho-
logic anatomical changes and biochemical abnormalities
of body tissues and fluids

In general, nutrstronal deficiency occurs gradually al-
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though the speed of devclopment varies widely The
reser e stores of nutrients are depleted before biochermical
or physiological dysfunction develops Gross structural
changes mn tissues are usually Jate manifestations of severe
or prolonged depletion

Attunment and maintenance of adequate nutrition 15
not difficult 1n the United States, since a wide varety of
food 1s readily available Consequently, the importance
of nutntion may not be appreciated sufficiently 1 this
country, except 1n situations of extreme poverty and neg-
lect or i severe sllness  In many countries of the world,
serious degrees of malnutrition are common and 1t 1s 1
these areas that the wvital role of nutntion mn health 1s
demonstrated most stnkingly The mmportance of nutn-
tion 1 growth and development, and 1n the mamtenance
of physical, mental and emotional well being throughout
Iife, 15 attested by natural expeniments in endemc areas
of poor nutrition as well as by planned laboratory expen-
ments with human volunteers Mmot s statement (2) that
the history of the world might be wntten 1n terms of nu-
trition rather than n terms of epidemcs, as 1 Hans
Zinsser's book Rats, Lice and History, does not seem to
be an exaggeration

The 1mportance of nutrition 1n conditions of physio
logic stress 1€, m growth, pregnancy and lactation, has
been well documented Recent mvestigation mdicates a
close relationship between nutntion and many forms of
pathologic stress such as severe mfections or trauma
Relationships between nutrition and some of the degen
erative diseases, for example atherosclerosis and hyper-
tension, and even between nutrition and neoplasia have
been demonstrated It 1s n this wade vanety of pathologte
states that nutritional diagnosis assumes paramount im-
portance 1 well fed population groups In rehabilitation
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sense as meaning knowledge of the essential chemical
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the many disturbances which occur i disease Many
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m terms of specific deficiency states and more 1 terms of
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tissue  Recent mvestigations, usmg 1sotopic technigues,
have mdicated that the components of cells are constantly
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NUTﬂmO\AL diagnosis 1s not casy 1n spite of
the mass of information accumulated mn recent decades
Vanation among mdn iduals 1s great and the dividing hine
betw cen normal and abnormal 1s not clear-cut  This might
be anticipated since nutnitional attnbutes and functions
would be expected to show normal distnbution cunves as
do other physiologic vanables Nor should this be dis-
couraging since sumlar difficulties are found 1n all fields
of biological mvestigation and similar problems are en-
countered mn the diagnosis of cardiac, pulmonary or gas
tromtestinal disease  Basic scentific knowledge coupled
with astute clinical observation forms the foundation of
diagnostic acumen Adeptness m the art of obtamng a
medical history, Leenness n detecting munor physical
deviations from the normal judicious choice of laboratory
procedures, and ability to correlate all indmgs into a com-
prehensne whole, are the “sme qua non” for nutritional
dragnosis as for diagnos:s mn other fields of medicine

It 15 essential to know nutntional requirements and the
function of nutrients 1n health and to be cogmzant of the
potenttal influcnce of disease on the requirement and
utilization of nutnents Knowledge of the effects of an
mnadequate supply of essential dietary factors 1s 1 requisite
for accurate diagnosis Cultivation of nutntion “con-
scrousness” and an awareness of the nutntional aspects of
biochemustry and metabolism 1s almost obhigatory
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from all types of mjury, close attention to nutrtional
problems reaps a nch reward decreasmg morbidity and
mortality

The frequency with which nutrntional defects are en
countered 1s not appreciated by many physicians A casual
walk through the wards or private rooms of any large hos-
pital will attest the high incidence of nutritional problems
Malnutrition 1s usually obvious 1 the patient with cirrho
sis of the hver, advanced pulmonary tuberculosis or
chrome ulcerative colitis It 1s recogmzed readily that
mamtenance of adequate nutrition 1s difficult durmg the
recovery period after total gastrectomy or resection of the
colon It 15 perhaps less obvious that nuintional problems
are common and of significant import n the patient with
congestive heart faillure rheumatic fever, peptic ulcer or
some type of allergic state Similar examples could be
cited m all branches of medicme

In view of the frequency and mmportance of nutrtional
problems mn medical practice, a review of the methods and
procedures currently available for nutritional diagnosis
and of cnteria useful 1 the evaluation of nutritional status
seems warranted Nutritional diagnosss 1s not so exact that
abnormahities of cellular chemistry can be detected with
precision  Much remains to be learned and new tools and
methods must be developed Nevertheless progress has
been rapid The present state of knowledge and areas
requiring future development will be summarnized 1n the
sections that follow
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These must be sought by adroit questiomng and con-
firmed or discarded by physical examination and appro-
pnate laboratory procedures

Findings m childhood which suggest nutntional de-
ficiency include faidure to grow or gan weight, poor appe-
tite, lethargy, disinterest in play and imtabibty In adults,
some of the common complamts which may be associated
with malnutntion are easy fatigability, loss of weight and
strength and anorexa  Symptoms may ndicate dysfunc-
tion of any of the bodily systems Photophobua, buming
of the eyes, lacnmation and mght blindness may be ob-
sened Soreness of the lips, tonguc and angles of the
mouth, digestive disturbances and diarthea are not infre-
quent. Palpitation, dyspnea and edema may be duc to
nutntional deficzencies  Parasthesias and other sensory
changes, particularly of the fingers and toes, easy brusing
and dryness and pigmentary changes in the skin are often
encountered. Since all of the above symptoms may eccur
m dnerse patholomc conditions, all potential causative
factors must be 1nvestigated.

The past medical record 1s valuable 1n indicating recent
recurrent or chromie disease or trauma, which may be
related to the findings observed or affect nutntive state
Religious and social customs occupation and economic
status, mn fact, practically all aspects of the enronment
whether geographical, physical or educational may evert
an mfluence on food habits and on nutntion

The famiy Ihistory, too provides informatne data.
Family size, the record of illnesses and death, the occur-
rence of stillbuths, may shed hight on nutritional prob-
lems Fertility and the course of pregnancy are mfluenced
by diet Delayed puberty, amenorthea and impotence

may be due to underutnition or malnutrion as well as
to other causes
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MEDICAL HISTORY

The medical history 1s of great importance m detecting
the presence of disease which may mfluence nutritional
status and 1n eliciting symptoms which suggest nutritional
abnormahity The physician should be aware of the phys
ologic, pathologie, or therapeutic situations which are
prone to mduce nutritional deficiency or excess

Nutritive requirements may be increased i many dis
eases, particularly those m which basal metabolic rate 1s
mcreased such as febrle illnesses, hyperthyroidsm and
certan other endocrinopathies, leukemia and polycy-
thema and diseases of the heart and lungs associated with
severe dyspnea In a number of psychotic states, ab-
normal physical activity increases total metabolic needs
Many diseases and some therapeutic agents interfere with
mgestion, digestion or absorption of food Diseases of the
gastromtestinal tract and the mynad cond:tions associated
with anorexia, nausea, voruting and diarrhea belong m
this category Interference with the utibzation of nu
trients may be observed in hepatic disease, hypothy-
roidism, advanced renal disease, neoplasia, and followng
radiation therapy Severe mjumes, shock, and chrome
anemuc states profoundly affect metabolic processes Nu
trients may be lost from the body i conditions associated
with polyura, m therapeutic diresis, and followmg ad
mumistration of certamn drugs

Nutritonal excess 1s best exemplified by an over-
abundance of calories but metabolic disturbances and
therapeutic agents may lead to syndromes 1n which ex
cessive amounts of nutrients particularly certam minerals
and vitamins accumulate m the tissues

The physician must know the symptoms and signs asso
ciated with an madequate or overabundant supply of each
of the chemical substances essential in human nutrition
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‘TABLE 1

Drrraxy Rroorn

Neme
Age Sex
Diet—Previous 24 hours
Breaklast Noon Meal
Food Amt. Food Amt

Hefght Weight

Evening Meal

Food Amt.  Food

Amt

Between Meals

Diet History—Foods used— Amount and frequency (day, week or month)

Meat Breads
Fresh (beef veal lamb pork) Bread (kind)
Fish Biscuit
Fowl Corn bread
Liver ackers
Prepared salt
Eggs Cereals
Rice
Mk Grits
Whole, sk d butter M: !
i Cooked
Cheese Prepared
Nuts end Peartut Butter
Sweets
Fals Syrup molasses
Butter oleomargaﬂnc ams, felly
Mayonna; nnd
eam Dcsscrts
Vegetables
Legumes, dried Beverages
I.:xumes fresh Coffee
Gree: Tea
Yellow Soft drinks
Potatoes, Insh Alcohol
Potatoes Sweet
Tomatoes
Other vegetables Other food
Frutts Food dishikes
-
Oth::' ‘c:exs\hn Number of meals eaten per day
Tuices

Vitamin preparations
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DIETARY HISTORY

The dietary record 1s an important part of the medical
history  Although a quantitative estimate of recent and
habitual food intake may be difficult to obtam, 1t 1s usually
possible to glean sufficient nformation to evaluate the
diet from a qualitative standpomnt Several methods of
obtaming dietary mformation have proved useful A
sumple procedure 15 to ask the patient to recall the hinds
and approximate amount of foods eaten 1n the previous
24 hours and to ascertamn whether or not thus 15 represen
tative of the usual dietary pattern The accuracy of the
24 hour diet record may be cheched by the use of a hst of
common foods (divided imto several prmcipal groups),
the patient being asked to mdicate how often each 1s
mcluded 1 the diet (Table 1) Another method of ob
tammg dietary information 1s to have the patient keep a
record of all food eaten, includmg amounts, for a period
of several days to a week These records are then evalu-
ated by comparison with some dietary standard

Dhfficulties 1 eheiing accurate dietary mformation are
numerous Many persons do not remember what they eat
and have a poor 1dea of quantity, some tend to exaggerate,
while others underestimate Patients may be ashamed of
the meagerness of their diets and conceal this information,
others may describe therr food ntake n terms of what
they believe the physician considers deswrable In spite
of these and other pitfalls the dietary record often sug-
gests deficits which can be mvestigated further by chncal
or laboratory tests

Evaluation of the diet from a qualitative standpoint can
be carried out easily by the physician m lus office by using
some sumple standard such as that shown i Table 2 This
was devised for apprasal of the diet of an adult in the
United States Sumilar tables can be prepared which are



GINLRAL OBSLRVATIONS 13

appheable to children or to other countnes  If it is de-
sirable to obtain more detailed information as to the
quantity of speaific nutrients in the dict, tables of food
composition are available which permit such calcul
tion (3)

Many dictary standards hnve been formulated by n1-
tional and internationnl groups (1) The purpose of these
standards and the philosophies on which they are based
have vaned widely In the United States, the Recom-
mended Dictary Allowances of the Food and Nutntion
Board of the National Research Council (1a)) have been
used extensnnely (Table 3) These allowances represent
the amounts of essential nutnitive substances which ap
pear desirable for the maintenance of good nutntion m
essentially all healthy persons in the United States  They
are more than mimmum requirements and represent goals
toward which to stnve in planning diets and food sup-
plies If these allowances are used in quantitative evalu-
ation of the diet of an ndividual, they must be mterpreted
correctly A person whose diet meets recommended
allowances will rarely exhubit nutritional deficiency, except
m the presence of some disease which influences require
ment or utiization of nutrients On the other hand, if a
persons diet fails to fulfill recommended allowances, this
does not necessanly sigmfy nutritional deficiency A nu
trient intale considerably below recommended allowances
suggests mnadequatc intake and requires additional m-
vestigation

Dietary evaluation has been used extensively as one
aspect of the appraisal of nutnitionnl status of population
groups Dietary surveys are valuable particularly 1 areas
where food supply 1s inited and have served as a basis
for planning nutntion programs Changes mn food con-
sumption of population groups can be followed with this
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STANDARD FOR EvALUATION or DETARY PaTrean mv Apurr Susjeers®

Food Group

1 Mk
Cheese and
lce cream can
replace part of
mi

[N

Meat
Beef veal pork,
lamb poultry fish

eggs.

Dry beans and peas
and nuts can be
used as alternates

w

Vegetables and fruts
)o i lricl e

a) a dark green or
deep yeﬁxow
vegetable at least
every other day
for vitamm A

b) a citrus fruit or
other frutt or
vegetable rich 1n
vitamn C daily

c) other fruits and
vegetables 1n
cluding potatoes

4. Bread and cereals
whole gram, en
niched or restored

Other foods—sugars,
fats_oils, includ
1ng butter or for
tified margarine
for vitamm A

* For further detals refer to

Information_Bulletin No

Service, U 5 Dept. Agniculture, Novem|

TABLE 2

Amount
Recommended
Daily

Two or more servings
(1 cup or 8 0z each)

Twa or more servings
(at least 2 oz each)

Four or more servings
(Y cup ex

Four or more servings
(1 shice bread or 1
cup cereal)

Primary
Purpose

Protein
Caleium
Riboflavin
Vitamm A

Proten
Thiamine
Riboflavin
Niacin
Iron

Vitamm A

Ascorbie acid

Iron
Thammne
Riboflavin
Naatn

Trace runerals

Thiamne
Nraan
Iron
Protain
Riboflavin

Calories
Vitamin A

Is of an Ad Dret. A 0
160 Washmg;unlglg(s C. " Agricultural Research
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suney method  Sclection of proper standards with which
to judge the nutntie value of dicts is important, stand-
dards applicable m one community m1y require modifica
tion 1n another Methods and procedures winch may be
uscful m dietary suncys are ciscussed in several recent
reviews (5)

PHYSICAL ENAMINATION

A thorough and detuled physieal examination can ginve
much information reltine to nutnitional status although
laboratory procedures may be needed to substantiate
diagnosts It should be kept :n mind that nutnitional de-
ficiencies are often multiple and that stmilae lesions may
be caused by an inrdequate supply of more than one
nutnient Furthermore, the type of physical abnormahty
encountered varies according to the duration and seventy
of the deficiency There are almost no pathognomome
findings, a situation which holds sn other diagnostic felds
However, a combmation of symptoms and signs, together
with hustorieal and laboratory data will permit accurate
diagnosis m most 1nstances

General mspection yields much valuable iformation,
1 fact 1t 15 often possible to tentatively appraise the whole
nutritional problem 1f observation 1s sufficiently kheen
Observation begins when the patient 15 first scen 1 the
home, office or hospital and while the ustory 1s beng
recorded The physician gains an impression of the pa-
tients general health, wigor, mtelligence and emotional
reactions Gross defects 1n calonic nutrtion are obvious
excessive fat pads denote obesity, absence of subcutaneous
fat indicate excessive leanness folds of saggmg melastic
sk suggest marked loss of weight The stature general
sheletal development, bulk of muscle color and texture
of skun and haur are noted almost subconsciously Edema
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TABLL 4

Pitrseas Srevs Wineat May ez Asocastd Wmit Mavmmon

Apathetic appearance
Halr dry “staring™
Dyspigmented

facia)
-:\’onha, nasolablal
Schorthea, other

LY
Icu!mb

Skin, general
053 and sealin
Dryn s nd sealing

b§ {yperplgnmmlon

gmentation

Fol Ilcuhr keratosls
Perlfolliculosis

Acneiform eruption

Thick, plgmemed ressure points

Purpura petechia

Blush n.-d cold extremities
Pellagraform leslons

“Crary pavemnent® dermatitis
;!(‘:I{angleduh

Nails, brmre ﬂa!dng. ridging
spoon

Eyes
Bnm s spots
Canthi fissures
Circumcorneal injection
Conjunctival infection
Lads, blephantis follicular
hypertrophy

Lips and mouth
Angular lesions
Angular scars
Cheilosis
Pallor
Ulcers of mouth

‘Tongus II "

apil atro)
u&u:g: hyp&r{) phy
Magenta color

Red tip and/or sides
Fussures

Erosions or ulcers
Serrations and swelling

Gums
Marginal redness
M:m\m\ swelling
Bleeding

np{l’nrzvd (collold goiter)

Parotid gland bilateral enlargement

Neuromuscular
Calf tenderness
Loss of ankle or knee fetks
Plantar dyso_ﬂhes a

“Burning

Motor mnkncs. paralysis
Vibratory sense lost
Position wense lost
Hypesthesia and anesthesia
‘Tetany

Skeletal

Posture

Frontal or parietal bosses
Protul t abdomen
Harrison s groove

X 3 ces

OWILES

Enlarged wri

:u'ged msmchcndml junctions
1nnng

Winged sm ula
nbx\umm“\\es of sternum

Cmdwvascular

“!ycardm or tachycardia
hac enlargement failure
Abnormalnla of thythm
Murmurs

Ldema

Luver
Enlarged nodular



16 NUTRITIONAL DIAGNOSIS

of marked degree 15 readily detected The general ath
tude and behavior of the patient, alertness or apathy,
anxiety or depression, the facial expression, manner of
speech and type of voluntary movements, all contribute
to solution of the diagnostic problem Thus 15 particularly
true when severe malnutrition 1s suspected, m starvation
and severe protem deficiency, depression, apathy and
lassitude are charactenstic findings Differences in physio-
logical and emotional reactions among various racial
groups and among mdividuals must be considered m
reaching an evaluation Observation of the spontaneous
behavior of children has been found to be most useful
1m appraising nutritional status  Lassitude, Jack of interest
and absence of spontaneous play are common m mal
nutrition  In children, too, posture may reflect nutriture
a forward slump of the head, kyphosis, lordosis, winged
scapula and pot belly, all of which are expressions of poor
muscle tone, are observed frequently among those who
are poorly nourished

Detailed physical exammation of all svstems of the
body should follow general inspection When nutntional
diagnosis 1s apphed to population groups, especially m
large or rapid nutnition surveys, attention 1s directed par-
ticularly to the superficial tissues, the skin, hair, mucocu-
taneous junctions, eyes, and buccal mucous membrane

Schedules have been prepared for use m such nutn-
tional apprasal (6, 7) Some of the physical findings
commonly associated with malnutriion which may be
searched for in nutrition surveys are given in Table 4
These abnormal signs and symptoms are also useful 1n
evaluating the nutntional status of the mdividual patient
It 1s obvious that many of these findings are non specific
and that some are more closely related to malnutnition
than others The presence of several abnormalities 1s
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TABLE 5 (Centirued)

Vienin By de dercy
Schortheie dermatitis
Glossitis
Angular somathils
Peripheral neurops hy

Folic sid deficlency
Weakness gnd pallor

Glossi s—eedness, sbnormalitles
of papillae

Dianthes, steatorrhea

Vitariin By deficlency
Weakness and pallor
Glossius—redness, abnormalitles
of papitlse
Subscute conbined sclerosis
Peripheral neuropathy

Ascorbic acld deficlency
Purpura, petechiae, ecchymoses
Red, swollen, bleeding gums
Penfolliculosis
Poor wound healing

Vitamin D deficiency
Craniotabes
Frontal and parnetal bosses
Enlarged joints {wrists and
ankles)

Harmson s groove
Enlarged hondral

Viamin b deficrncy
Hemorthagle manlfo ations in
Jsundice or In the newborn

Calkdum deficlency
Tarethesies
Carpo-pedal spamm
Convulsions

Posltive Chvoseks snd  Trous-
scau s signg

Todine deficiency
Simple golter

Iron deficiency
Weakness and pallor
Chronic glossitis
Roilonychia

Magnesium deficiency
Gross muscle tremor
Delirium

Potassium deficiency
Muscular weakness, hypotoma
Flacad paralysis
Paralytic ileus
Cardiac or respiratory failure

Sodium deficiency

Deformatses of sternum
Bowlegs or knack knees
Osteomalacia

kness, apathy
Anorexia, nausea vomiting
Muscle cramps
Penpheral cireulatory collapse
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TABLE 5
SyMmrrOMS AND Stons S or D: or Cerramv

Caloric deficiency
Underweight and underheight
Weight loss
‘Wasting of tissues

Protern deficiency—adults
Weight loss
‘Wasting of muscles
Enlarged liver
Edema

Protein defictency—infants and

children (Kwashiorkor )

Growth retardation

Depigmentation hyperpigmenta
twon of skin

Dyspigmentatien of hawr

Enlarged liver

Edema

Peevish mental apathy

Vitamin A deficzency
Night blindness
Xerosis conjunctivae
Bitat s spots
Dry scaling skin
Follicular hyperkeratosis

Thiamme deficiency
Burning soles of feet
Numbness and tingling of toes
Calf musele tenderness
Hyperesthesia or hypesthesta of
feet and legs

Lass of vibratory sense

Absent patellar and Achilles re
flexes

Motor weakness (squat test)

Edema

Advanced polyneuropathy

Benber: heart disease

Wemnickes encephalopathy

Retrobulbar neuritis

Central ophthalmoplegia

Riboflavin deficiency
Photophobia lacnmation  burn
g and itching of eyes
Soreness of lips and tongue
Circumcorneal injection and
corneal vascularization
Cheilosis
Angular maceration and fissures
Glossitis—purplish color abnor
malities of papillae
Nasolabial seborrhea

Niacin deficiency

Soreness and burning of tongue

Chronic diarthea

Glossitis—iedness swelling serra
tions abnormalities of papillae

Pellagrous dermatitis

Vagimtis and proctitis

Mental changes—anxiety halluct
nations, depression disorienta
tion

Encephalopathic states
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20 NUTRITIONAL DIAGNOSIS

more signtficant than a single deviation from normal
Interpretation 1s not easy and must be considered m con
junction with the dietary history and laboratory tests
Some of the findings which are suggestive of specific
nutritional deficiency are given in Table 5 and will be
discussed 1 detail m subsequent sections

A number of laboratory procedures have been de
veloped which are useful i evaluating nutntional status
While these will be considered subsequently mn the dis-
cussion of each of the essential nutrients, a summary of
normal values and of changes which may be obsened
mn malnutntion 1s given m Table 6

GROWTH OF INFANTS AND CHILDREN

In nutritional diagnosis in wfants and children, ap
praisal of growth and development 1n relation to age and
sex 15 of great importance All types of nutntional de-
ficrency may retard the rate of growth whether the defic:
ency represents an madequate supply of calones, proten,
vitamins or minerals Growth rate 1s influenced, too, by
disease and 1t 1s necessary to determme whether an -
adequate food 1ntake, some pathologic process, or both,
are responsible for retardation

Assessment of growth implies a standard with which to
compare the subject bemg examned Unfortunately, pres
ent standards are far from precise and the optimal rate of
growth remains unknown The standards which have been
developed by mvestigators at Towa and Harvard Unver-
sities (8) or the Wetzel grid (9) are to be preferred to
height weght age tables evaluation of growth rate
Genetic and environmental factors must always be con
sidered 1 the use of such standards In any event, a
single record of height and weight at a given age 1s of
rmuch less value than a long term record, since the latter
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GENPRAL ORSERVATIONS )

1s mdicative of rite of growth of the child fn question
In a sense, the cluld becomes his own control and im
provement or retrogression can be appreciated readily
The nutniional or other cause of change should then be
determined  Another method of cvaluting growth fs
cstimation of skelctal maturation  Several procedures for
thus have been devised (10)

Many studies have indicated the important influence
of nutntion on the course of pregnaney and on the con
dition of the infant at birth (11) The incidence of still
births and premature births and the bidth weight of full
term mfants is affected by matemnal nutntional state Data
relatue to these findings hase been collected in certam
areas and used i partial evaluation of nutritional status
of population groups

Determination of hesght and weight of school children
also guves information which has proyed useful in nutation
surveys The rate of grow th of cluldren 1s a sensitive index
of food supply and dictary practices Conclusions from
such data will be vahd only if satisfactory standards are
available for the population group 1n question or if com-
panson can be made between several homogencous sec-
tions of the population Changes which oceur followmg

mstitutson of programs designed to improve nutntion will
also be informative



NUTRITIONAL DIAGNOSIS

24

pesuojorg spuodss gI-01 QW WqWOLIory N ununeA
paseanduy TeuUoN siséjowny apksonglig
paseassa %8 €50 €20 (sueyury
pasearsa DAL etk (sympe) uoren
U90UCS [024dooo} UM q WwsA
1/bau 5g> 1/bAW 9¢ 52 snioydsoyd wmisg (sweju)
snu) Apuepoq 02< siupy Lysuepog 61 § aseyeydsoyd swifey[y q WweHA
Sur ooz
30 250p [esajuared JpE
e 001/3m 0> W 001/3% 3 0<  S1Y p UORBRUIIUD Umlsg (swuwy)
Take|
WERd—DgM U uon
e 001/8w 2> W QOI/Bu8 Qg0 BAUBOUY PLB DIQICEY
UOHERIDI
™ ogr/3u 10> W 001/3m O [ 03 GO WO PIdv JjqI00se BwsElg  PIT IIGIOOSY

Aneuntouqe
o130 10 LUSRYAP JO dansI3ns s3urpuiy

sFurpuy [sRUON 1593 £303820q%7]

JuRLINN

(panupuc)) 9 FTAVL



CALORIC NUTRITION a

further knowledge The height wefght standards uscd
currently represent anthmetic averages of findings in
selected population groups In most instances, data were
obtained at the time of application for insurance, the in
divaduals being weighed and measured in ordinary clothes
(14) The incxactness of such standards is apparent
Clothing and height of heels introduce sppreciable van-
ables

In some standards, average weights are gven for light,
medm and heavy body types No accurate method of
determiming body bwild 1s available although a rough
appraisal can be made by the expenienced chinician Mea-
surcment of bi-cnistal (biihac) duameter is of assistance
(15) Determination of b acromial diameter is also useful
but 15 more difficult to obtain accurately, due to the -
fluence of posture on this measurement

Genetie vanations and environmental factors, such as
chimate, should be taken into account 1n height weight
appraisal  Available standards are useful if interpreta-
tions are made with appreciation of their mexactness An
indwvidual who 1s less than “standard” w eight may be lean,
or have poorly developed muscles or a small sheleton An
mndidual whose weight exceeds the standard may be
excessively fat, or may have a large muscle mass or a
large sheleton

It would be desirable to esimate the relative proportion
of the components of the total body mass, namely, bones,
muscles, extraceliular fid and adipose tissues Recently,
biophysical and biochemical methods have been dewised
for estimation of body composition and have been applied
n evaluation of leanness and fatness i man (16) Total
body fat may be estimated by determining the specific
gravity of the body, by estimating total body water, and
by measurement of the thickness of subcutaneous tissues,



CALORIC NUTRITION

DIAGNOSIS of calonc undernutrition or over
nutrition 15 relatwely easy if deviation from the normal
1s great but minor deviations cannot be determmed with
precision The dietary history 1s of some assistance
estimating the extent of calone deficit or surplus in spite
of the difficulties m ascertamng daily food consumption
accurately Knowledge of energy requirements according
to age, sex, body size and physical activity 15 necessary
for nterpretation of findmgs Approximate caloric needs
of populations groups, and to a lesser extent of mdviduals,
may be determmed with the use of schedules prepared
by several national and mternational groups (4, 12) The
requirement for an mdividual may be obtamed more
accurately by caleulating Jus basal metabolic needs and
adding the amount required for physical actiity The
mmportance of calories duning growth was emphasized by
Macy and Hunscher (13) who pomted out that as few as
10 calories per kilogram of body weight per day may
may make the difference between progress and failure

METHODS FOR EVALUATION

In evaluating height and weight m children, growth
charts may be used but interpretation should be cautious
Ideal weight for height 15 not known for either children
or adults In adults, desirable weight may be considered
to be the average weight, for a given height and type of
body build, of persons 25 years of age who are m good
health More precise defimtion of ideal weight must await

2
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Muscular development of an fndinidual can be esti
mated by determining the breadth of the muscular seg
ments of soft tissuc x r1ys of the extremities  Some infor
mation can be obtamed by measurement of limb eircum-
ference 1f thickness of the shin and subcutaneous fat is
determined at the same time

With application and improsement of the methods in-
dicated above, diagnasis of caloric nutriture should be-
come more exact It s antieipated that more adequate
“norms” as “standards” will be developed for population

groups of varying genetic potentilities and cnviron-
mental situations

CALORIC OVERNUTRITION

The serious medical hazard of obesity 1s attested by
msurance data which indicate that if the death rate of
the standard nsk 1s taken as 100, the mortality of men
who are moderately overweight 1s 142 and of those mark-
edly overweight 178 The respective values for women
arc 142 and 161 (21) Overweight as judged by standard
height weight age tables does not necessarily mean obesity
which should be defined as a disproportionately large fat
content of the body The meidence of diseases of the heart,
arteries and hdneys, of diabetes mellitus, of gallbladder
disease, and even of neoplasia 15 mereased 1n persons who
are overweight (21) Important information might be
obtamed by application of the newer methods of esti-
mating body composition m exammation of overweight
persons 1n whom vanous pathologic conditions have de-
veloped The recent implication of liprds 1n the patho
genesis of atherosclerosis has simulated interest in thus
field (See p 53 ) Much remams to be learned about
the role of excessive fat accumulation and of lip:d me-
tabolism 1n the pathogenesis of disease However, suffi
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muscle and bone 1 xray photographs (16, 17) Mc
Cance, Williamson and associates (18) calculated body fat
ether from total body water, or by subtracting the weight
of the extracellular flmd, cell mass and mmerals m the
sheleton, from the total body weight Mimerals were estt
mated as 7% of the fat free body The weight of cellular
tissues was determuned by assummg that cells contain 67%
water and esimating mtracellular water as the difference
between total body water and extracellular space Keys
and associates (19) suggested estumation of cell or ‘active’
tissue mass as body weight less fat, extracellular flmd and
bone muneral, fat bemg determmned from body density
These methods are of importance m research and may be
used as critena for evaluatng simpler procedures which
the cliician can apply

An mdirect method for estimation of fatness or Jeanness
which seems promusing 15 measurement of the thickness
of skin folds m several areas of the body with specually
constructed calipers Good correlation has been demon
strated n adult males between findings with this method
and determmation of specific gravity of the body (16 17)
Correlation has also been demonstrated between pmch
caliper and x ray measurements of the thickness of shin
and subcutaneous fat (20) The use of shinfold measure-
ments as cnteria for evaluating fatness or leanness of the
body requires further study Data available at present
suggest that measurements of shin fold thickness at two
sites are of value the back of the right upper arm and
below the tip of the nght scapula Details of the pro
cedure are given m a recent publication in wihuch other
anthropometric measurements for characterization of nu
tritional status are also discussed (15) Skinfold measure-
ments m a large group of young American males, white
and negro, are meluded o this report
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Itory findings include brady cardia, hypotension, reduced
penpheral airculation and decretsed venous pressure The
body temperature is lowered and there is a decrease in
the reactivaty of the organism to vanous stimuli  Neuro-
logical examination often shows diminished or abolished
deep tendon reflexes but sensory mechanisms are mam-
tamed in most mstances  Signs of depressed function of
the endoenine system, particularly of the sex glands, are
common, amenorrhe, stenlity and loss of libido beng
frequent findings The patient looks, feels, and acts pre-
maturely old Polyura, mcrease in flud mntake and salt
hunger are often observed  Osteomalacia 1s an oceasional
finding 1n prolonged starvation Edema 1s frequently en-
countered and may mask the extent of decrease in body
waight If protein deficiency 1s severe, the edema may
be even more cxtensive and anemna, often of macrocytic
type, may be present

Signs of vitamin deficiency oceur only if the diet has
been deficient m these factors Starvation, as observed n
concentration and prisoner of war camps, particularly 1n
the Onent, was accompanied in many mstances by pen-
pheral neuropathies, retrobulbar neuntis, deafness, en-
cephalopathy and other neurologic syndromes Some
manifestations responded to therapy with B complex vita-
mins while others were unaffected

In severe prolonged undernutrtion, basal metabohe
rate declmes, the decrease 1n basal oxygen consumption
applies to active metabohzing tissue as well as to the
whole organism  The fasting blood sugar may be low and
tolerance for glucose dimmished In sem starvation ex-
periments with human volunteers blood pyruvate rose to
abnormally high levels after exercise (19) Studies of
body composition 1n these experiments m which an aver-
age of 18 kg m weight was lost n 24 weeks, mdicated no
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cient information 15 at hand to indicate the desirability of
mamtaimng normal body weight and avording excessive
fatness

CALORIC UNDERNUTRITION

Caloric undernutnition occurs primanly as a result of 2
Limited food supply, exemplified by semi-starvation and
starvation, and secondanly as a consequence of many
pathologic states, particularly those associated with an
mcrease m metabolism or with anoreia or gastromtestinal
disturbances The loss of potential calories m diartheal
diseases, especially i steatorrheas, may be extensive In
drabetes mellitus glycosura 1s 2 manifestation of caloric
loss

Caloric balance can be mamtamed over a fauly wide
range of body weight and caloric mtake 1n a given mndi
vidual A continued loss of weight beyond 10% may be
considered evidence of caloric deficit Weighmg a patient
at frequent mtervals 15 the best single method of deter-
muung calone balance although fluctuations may repre
sent changes m flud rather than m metabolic mass, es
pecially 1 acutely 1ll patients

The primary findings 1 caloric undernutrition, mn addi-
tion to weight loss, are wasting of muscles weakness and
lethargy Nitrogen balance 1s negative and deficiency of
protem comphcates the clumucal picture The previous
state of nutntion, the character of the diet and the mani-
festations of prumary disease, when such 1s present, m-
fluence findmgs

In severe starvation, apathy, weakness and wasting of
muscles become extreme and the patient hterally appears
to be nothung but skin and bones Mental and emotional
changes are common and are reflected in behavior Pig
mentary changes 1n the skin have been observed Circu-
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knowledge of the possible effects of malnutrition or its
residues on susceptibility to, or on the course of, other
diseases Simple undermutnition tends to have a faverable
mnfluence on diabetes and a detrimental effect on tuber-
culosis Psychologieal residues of starvation are probably
of great importance but have received little study
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sigmficant change in bone mmeral or m extracellular
flud, a marked decrease 1n body fat and a lesser but sig
mficant decrease 1 active metabolizing tissue On a per-
centage basis, the body contained less fat and muscle but
more water This evcess fluid may explam, at Jeast n part,
the occurrence of starvation edema For a review of the
brochemical and physiological changes n starvation, refer
ence 1s made to the compilation published by Keys and
associates (19)

In caloric undernutrition, the extent of the weight loss
15 an 1mportant factor i prognosis If the loss 15 30% or
less 1n previously healthy persons, full recovery may occur
with proper care A loss of more than 40% 1s serious, al
though recovery 1s at times possible

Caloric undernutnition which 1s secondary to disease
may be mamfested by many of the findings just described,
1 2ddition to the signs characterstic of the primary path
ologic process Another finding worthy of emphasis 1s that
starved persons are poor surgical risks Extensive loss of
wesght may lead to altered hepatic function, contracted
blood volume reduced capacity to control infections and
mmpaired wound healmg Furthermore 1t 1s difficult to
determme when rehabilitation 1s sufficiently advanced to
undertake surgery

Knowledge of the residues of sertous undernutntion,
the late or permanent effects 15 hmited Children seem to
recover completely from caloric restriction if the duration
1s not more than a year or two Residues of severe or pro
tracted malnutnition, mn formerly healthy soldiers who had
been 1n prison camps have mcluded excessive fatigue,
weakness, mability to mamntan proper weight, general
“nervousness,” excessive sweating paresthesias visual de-
fects meludmg optic atrophy, hermas cardiac and gastro-
mtestinal complamts and osteopathy There 1s little
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growth is most rpid, and during the htter half of preg-
nancy and an Iactation  The recommended protein allow-
ance for maintenanee in adult hfe s 10 gn per Mlo
gram of body weight daih (Table 3)  The minimal re-
quirement of the cight essential amino acids for adult
men (22) and women (23) are shown in Table 7 Pt
of the requirement of phenylalanine mnny be supplied by
tyrosine and part of the methionine requircment by cys
tine Sufficient mitrogen must also be fumished by the dict
for manufacture of the nonessential amino aclds Some
mmvestigations of the ammo acid needs of infants have
been reported (24) No precise information is available
for chuldhood and adolescence

The quality of dictary protem 1s dependent on ammno
acid content  Animal proteins which contain all the essen-
tial ammo acds have greater biological value than do
vegetable proteins which are often deficient in one or
more of these ammo acds Numerous methods, direct
and 1ndireet, have been suggested for determining the
biological value of protemns These have been reviewed
1n a recent symposium (17) The proportionate require-
ments of essential amino acids for mamtenance of nitro-
gen equiibrium 1 man appear to be similar to those of
growimng amimals for maximum mtrogen retention Mitchell
(17) has suggested the use of an “essentinl ammno aad
mdex” 1n assessing the nutntive value of food protemns
This mndex shows a high correlation with biologieal value
as obtaned 1n anmal expenments

Inyestigation has shown that not only must all the essen
tial ammo acids be included 1n the diet but they must be
present at the same time and 1 the proper proportions
Thus, the amimo acid balance of the diet 1s a factor re-
quinng consideration mn evaluating protem nutrition (25)
Recently an attempt has been made to devise a theo-
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MALNmrrmN due to an madequate supply of

protem of good quality 1s probably the most important
deficiency syndrome 1n the world today other than calorie
undernutnition  Protemn deficiency may be primary, or
occur m association with caloric deficiency, or be second-
ary to a wide variety of pathologic conditions Deficiency
1s common 1m prolonged febrile illnesses, hyperthyrowdism
and other diseases associated with hypermetabolism It
15 encountered m the many conditions m which protem 1s
lost from the body such as the nephroses, effusions mto
sertous cavities, exudates and weeping wounds Deficiency
1s observed, also, in diseases which mpair digestion or
absorption and 1 metabolic disturbances which nterfere
with utihzation Negatve mtrogen balance commonly
follows trauma such as fractures, burns and operative
procedures and may persist for weeks Nitrogen loss may
amount to as much as 06 gm per kilogram of body weight
daily, which represents a loss of 375 gm of protemn per
kilogram

PROTEIN REQUIREMENT AND DIETARY EVALUATION

In approaching the diagnos:s of protem deficiency, 1t 15
essential to know the requirement of protem and of the
erght ammo acids which have been found to be detary
essentials for man The mummal requrement of protem
for the adult 1s 1n the neighborhood of 05 to 065 gm
per kilogram of body weight daily Larger amounts are
needed during the peniod of growth, being greatest when

34
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retically optimal protein with proper balwee of amino
acids with which the inttke of dictany protemn may be
compared (251) This should prove uscful in evaluating
the protemn supply of population groups or cven of indi-
viduals  Undoubtedly, revistons of this prosisional “opti-
mal” ammo acid pattern will be forthcoming as it is tested
under varying conditions

Schoenheimer (1) and others have demonstrated that
protems are constantly being broken down and reconsti-
tuted, and that there 1s a constant interchange between
amino acids tn tissue protemn and free amuno acids  Ac-
cordingly, a continuous supply of amino acids 1s needed
mthe diet Sprinson and Rittenberg (28) have estimated
that the time needed for half replacement of body protem
mman 15 about §0 dys The rate of amino 2aid exchange
varies in different tissues the turnover 1n Iiver and plisma
accounts for 41% of the tot1] exchange in man  Likewise,
depletion of tissue protems during the desclopment of de-
ficiency 15 not umform some proteins being depleted more
rapidly than others and some tissucs more severely than
others (17) An adequate supply of calones from non
protemn sources 1s important n proper utihzation of pro-
temn so that amno acids may be spared for proten syn-
thests and other vatal functions, rather than bemg utilized
for energy

The functions of protem 1 the body are many Amino
acids are used 1n the synthesis of cellular protems of all
tissues, of special protems such s hemoglobin, 1lbumin,
globuln fibrinogen ete and m the formation of enzymes,
hormones, and antibodies  Amino acids are important 1
transmethylation and detoufication reactions some of
them have lipotropic function In addition they may be
deaminated and the remamder of the molecule trans-
formed imto glucose or fatty 1cids which are utihized for
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deficiency may be mashed by 1 deerease in blood volume
Wiile determination of bload volume is difficult and not
always satisfactory, estimation of total circulating serum
albumin is a morc accurate method of detecting protein
depletion than 1s mesurement of concentration of serum
albumin  Lven small decreases 1n serum albumin repre-
sent loss of tissue protein of considerable magmitude On
the basis of animal experiments, 1t m1y be assumed that
cach gram of decrease 1 total errculating albumin repre-
sents a loss of approximately 300 gm of tissue protein
(28)

Several years ago, Harroun and associates (29) sug-
gested estimating extravascular reserves of protein (anter-
stitral flmd and Iymph) by determining the response to
rapid infusion of one liter of 1sotomic sodium chlonde
Normal persons show ed an increase i plasma volume and
1 total arculating protein, while malnounshed subjects
showed a smaller increase mn plasma volume and a de-
crease m total circulating protein  Further evaluation of
this procedure seems mdicated

Electrophoretic analysis of serum protens has not
proved of value in the diagnosis of protein deficiency
which accompanies calone undemutntion (30) Studies
of antibody response 1n subjects with abnormal levels of
serum protein have failed to show a relationship between
the concentration or distnbution of serum proten frac-
tions and the ab:ility to form antibodies (31)

In protemn deficiency, mtrogen balance i1s negative
Smce balance studies requure special faciliies they are
more useful n research than in medical practice Further-
more, many difficulties are mherent 1n the mnterpretation
of mitrogen balance data Simultaneous depletion and
repletion of varous compartments of body protem may



38 NUTRITIONAL DIAGNOSIS

energy or stored as fat Thus, protems are wital for
growth, reproduction, mamtenance of health and rebabily
tation from mjury

PROTEIN DEFICIENCY

In the diagnosis of protein malnutritron, the first steps
are determmation of the approumate dietary supply of
protemn from a guantitative and qualitative standpomt and
recognition of the pathologic conditions which are prone
to lead to protem defictency Physical findings common
to most protem deficiency syndromes are loss of weight
(unless mashed by edema), decrease m subcutaneous fat,
weakness, muscle wasting, edema and accumulation of
fluid m serous cavities  Frequently, hypotension, brady
cardia and pigmentary changes m the skin are observed
and the basal metabolic rate may decrease Protemn de-
ficiency may lead to fatty mfiltration and cirrhosis of the
Iiver Anemua, which mav be normocytic or macrocytic,
15 a frequent accompamment of chronic protem deficiency
syndromes Protemn deficiency ncreases the rish of sur-
gery and 1s assocrated with poor healing of wounds

Heart disease of unexplamed cause has been reported
to be prevalent in certam areas of the world where pro
tem malnutrition 15 common Gillanders (27) m South
Africa has described heart failure in association with large,
bypodynamic, dilated but often not hypertrophied hearts
Whether protem deficiency 1s responsible for this syn-
drome or for the endomyocardial fibrosis which occurs 1
Uganda remams unknown but 15 a distimct possibility

The most 1portant laboratory finding 1n severe protem
deficiency 15 a decrease m serum protems particularly m
the albummn fraction Normal concentration of total pro-
tems 1n serum 1s 60- 80 gm/100 ml, of albumm 40 to
55 gm /100ml The decrease m concentration mn protein
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not be detected and 1t 15 possible to obtamn positie bal
ance when some labile protem stores are bemg depleted

Recent studies mdicate that tissues enzymes respond to
changes in dietary protem It seems likely that measure
ment of enzyme activity in tissues may prove useful m
determming the presence and severity of deficiency and,
perhaps, deficiency of specific ammo acids The Lver
would appear to be a good organ for study as changes m
enzyme activity of the liver have been found to accom
pany variations n exogenous protem mtake (17)

Numerous methods for determinng the concentration
of amno acids m blood and unne are available Tech
mgques nclude chemical and mucrobiologic assay and
chromatography using paper or 1on exchange columns
Ammo acid determmnations have been of value in detect-
mg metabolic derangements but have been of little assist-
ance m evaluating over all protemn nutntion The ammo
acid content of plasma during fasting does not fuctuate
significantly despite considerable vartation i amounts
mgested (32) and does not parallel quantities excreted
m the urine due to marked differences 1n reabsorption of
mdwidual amino acids by the renal tubules (33) Diets
high m protemn are, however, associated with shght
creases m 24 hour excretion of ammo acids particularly
with respect to lustidine  Normal plasma levels and pat
tern of urmary excretion are given in Fig 1 Excretion
can be increased by erther of two mechamsms, hyper-
aminoaciderma or changes 1o renal tubular absorption
Abnormal excretion of ammo acids has been reported 1
advanced Iner disease and after radiation mjury but not
following surgical procedures when mitrogen balance 1s
negative (34)

Diseases assoctated with ammoaciduna have been re
viewed by the Harrsons (33) Specific ammoaciduna of
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1n reduction of the aminoacidunia an the Fanconi syn-
drome

Under ordinary dictary conditions, the loss of ammno
acids m the unne has not been found to be sufficiently
great to produce defictencies  The only sigmificant dis-
turbance directly due to excessive excretion of amino acids
15 the formation of cystine caleuh i the unnary tract 1n
cystinuna (33)

From data just discussed, 1t 1s evident that estimation
of excretion of individual amino teids 1s a useful pro-
cedure in the diagnosis of a number of diseases associated
with metabolic abnormahities Such determmnations are
useful also i clanfying interrelntions among these dis-
eases and among vitamins and amino acids

SPECIFIC AMINO ACID DEYICIENCIES

Little 15 known about specific ammo acid deficiencies
m man Albanese (36) has suggested that changes m
amino acid levels m blood and unne may be useful 1
detecting certmn deficiencies  Turther nvestigation will
be needed to substantiate this postulate Tryptophan 1s
known to be a precursor of the vitatrmn mactn, and hence
an madequate dretary supply of tryptophan contnibutes to
the development of niacin deficiency or pellagra (37)
Methiomne metabolism has been widely mvestigated 1n
ammals but httle 15 known about the application of find-
mgs to man Relationships between methiomne choline
vitarun B:» and fohe acid have been observed 1n animals
Each of these nutnents participates 1n some way m the
metabolism of methyl groups Such groups are important
m the prevention of fatty Iners and curhoss n ammals
which are fed diets high 1n fat or Iow in protemn and low
m fat It seems likely that methyl groups are of sumlar
mmportance 1 human nutntion
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hyperammoacideric type occurs 1 phenylketonuna
(phenylpyruvic oligophrenia), an mborn error of metabo
Ism In this condition, conversion of phenylalamne to
tyrosme 1s defective, phenylalanine levels m plasma are
markedly mecreased and urinary excretion 1s correspond-
mgly lugh The ammoaciduna of severe hver damage 15
due to generalized hyperammoacidemia but taurme, cy
stine, methionine, ethanolamine and B ammobutyne aad
are found 1 larger amounts than 1n other types of general
amimoaciduria

Anmoacidurias of renal ongin mclude a number of con
ditions, some due to mborn metabolic errors, some to toxic
agents and others to vitamin deficiency states In patients
with scurvy and i premature wfants, the feeding of high
protem diets leads to hydroxyphenyluna The abnormal
excretion of hydrovyphenyl denvatives may be prevented
by givmg ascorbic «e1d or large amounts of folic acid (35)
Renal ammoaciduria has been reported mn infants with
vitamin D deficiency (33) The excretion of free ammo
acids 1 rickets 15 qualitatively similar to that found m
the Fancom syndrome although less marked The greatest
mcreases 1n excretion are m threonie, serme and alanine
with shght mcreases i vahne, methionmne, leucine, 150
leucine and phenylalanme The Fancom syndrome, which
1s characterized by bony changes of nichets or osteomala
cia hypophosphaterma glycosunia and renal ammoacid
uria, may be due to an hereditary metabolic abnormality
or oceur m older children or adults without famihal et
dence The fundamental defect appears to be renal tubu
lar jury, especially of the systems mvolving ammo acids,
glucose and phosphate Treatment of rickets with vitamin
D leads to a graduval return of amino acid excretion to
normal Admunistration of large does of vitarmin D results
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studying many of the syndromes associated with protem
deficiency  Certain other changes in cirthosis of the liver
which are of nutrtional import may be mentioned, al
though they are not related dircetly to protem nutntion
An mcreased loss of fat 1n the stools has been observed
that has been postulated to be due to defective formation
of bile salts (42) In decompensated aleoholic cirrhosis,
serum concentrations of sodwum, potassium, caleium and
phosphorus have been found to be lower than normal,
while pyruvic acid concentration in the blood has been
clevated (13) The low calesum and phosphorus Jevels
may have been due to an increase 1n fecal fat

In hepatic coma, concentrations of pyruyate and a Leto
glutarate have been found to be high in both blood and
spmal flmd  Since thiamine admimstration does not -
fluence these levels, 1t has been postulated that the hiver
may be unable to assimilate pyruvic acid to form the car-
boxylic acids of the Krebs cycle or that « partial defi
ciency of cocarboxylase may be responsible  Hogh blood
ammoma concentrations have been observed, also,
hepatic coma (44) It has been suggested that hugh con
centrations of Leto acids in hepatic coma may represent
a defect i intermediary metabolism due to impawred
utilization of ammonia and faulty removal from the blood
by the diseased hver

THE KWASHIORKOR SYNDROME

In many areas of the world, infants and young chil
dren develop a syndrome of protem malnutntion that 1s
of serious import This condition 15 designated Kwa
shiorkor m Africa (38) and Syndrome Policarencial Infan-
1l 1n Central and South America (45) The primary cause
of kwashiorkor 1s a diet deficient m protemn of good
qualty and the disease appears i the age groups where
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PROTEIN NUTRITION AND CIRRHOSIS OF THE LIVER

While the role of nutrition m the pathogenesis of cir-
rhosis of the liver n man has not been elucidated m its
entirety, evidence from many sources suggests a relation
ship between a deficient intake of protem and the de
velopment of fatty infiltration, cellular necrosis and fi
brosis of the liver (38) The dietary history of many
pahients with curhosis indicates a low imtake of protem
and of B complex vitamms The mstitution of a diet nich
m protem has been followed by mprovement m the
chmeal condition of the patient and m hver function tests
Eckhardt and assocrates (39) found that provision of a
diet adequate m protem resulted in a decrease mn hver fat
and a return of the size and appearance of Lver cells to
normal

In patients with untreated curhosis i whom bropsy
specimens showed fatty mfiltration of the liver, admims
tration of a large single dose of methionme or choline has
been shown to ncrease phospholipid turnover (40)
Studies of Kwsner (41) suggest that m patients with
curhosis ammo acads other than methionme may be
metabolized adequately although less efficiently than
normal In acute severe hepatitis concentrations of me
thionine 1 plasma are greatly increased A high protem
mtake 15 contramdicated under these circumstances and
m impendmg hepatic coma

A detailed discussion of the diagnos:s of cirrhosis 15 not
warranted here but 1t seems pertment to emphasize the
mportance of searching for evidence of liver dysfunction
1 the presence of serous dietary deficiency of protem A
palpable liver abnormal liver function tests and histo-
logic changes m liver tissue obtamed by biopsy will es
tablish the presence of lver disease Measurement of
enzyme activity mn biopsy specimens may prove useful 1n
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studymg many of the syndromes associated with protein
deficiency  Certam other changes in cirrhos:s of the liver
which are of nutritional fmport may be mentioned, al
though they are not related dircctly to proten nutrition
An mcreased loss of fat n the stools has been obsenved
that has been postulated to be due to defectine formation
of bile salts (42) In decompensated alcoholic cirrhosts,
serum concentrations of sodium, potassium, calewum and
phosphorus have been found to be lower than normal,
while pyruvic aerd concentration i the blood has been
elevated (43) The low calcsum and phosphorus levels
may have been due to an increase 1n fecal fat

In hepatic coma, concentrations of pyruvate and a Leto
glutarate have been found to be lugh in both blood and
spinal flud  Since thiamine admimstmuion does not -
fluence these levels, 1t has been postulated that the ver
may be unable to assimilate pyruvic acad to form the car-
boxylie acids of the Krebs cycle or that a partial defi-
crency of cocarbotylase may be responsible  High blood
ammoma concentrattons have been observed, also, n
hepatic coma (44) It has been suggested that hagh con-
centrations of Leto acids in hepatic coma may represent
a defect 1 intermediary metabolism due to mmpaired

utilization of ammomia and faulty removal fram the blood
by the diseased Inver

THE AWASHIORKOR SYNDROME

In many areas of the world, infants and young chil-
dren develop a syndrome of protemn malnutnition that 1s
of serious mmport This condition 15 designated Kwa
shiorhor 1 Africa (38) and Syndrome Policarencial Infan-
tilin Central and South America (45) The primary cause
of kwashiorkor 1s a diet deficient 1n protem of good
quality and the disease appears mn the age groups where
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PROTEIN NUTRITION AND CIRRHOSIS OF THE LIVER

While the role of nutnition i the pathogenesis of cir-
rhosis of the liver 1n man has not been elucidated m 1ts
entirety, evidence from many sources suggests a relation
ship between a deficient intake of protemn and the de
velopment of fatty nfiltration, cellular necrosis and f
brosis of the liver (38) The dietary history of many
patients with cirrhosis indicates a low ntake of protem
and of B complex vitamins The mstitution of a diet nich
m protemn has been followed by improvement m the
climcal condition of the patient and 1n liver function tests
Eckhardt and associates (39) found that provision of 2
diet adequate m protem resulted 1n a decrease m Liver fat
and a return of the size and appearance of liver cells to
normal

In patients with untreated cirrhosts 1n whom biopsy
specimens showed fatty mfiltration of the liver, admims
tration of a large single dose of methionine or choline has
been shown to mcrease phospholipid turnover (40)
Studies of Kusner (41) suggest that m patients with
curhosis, ammo acids other than methionme may be
metabolized adequately although less efficiently than
normal In acute severe hepatitis, concentrations of me
thionune 1 plasma are greatly mncreased A Ingh protemn
mtake 15 contramdicated under these circumstances and
m 1mpending hepatic coma

A detailed discussion of the diagnosis of cirrhosis 1s not
warranted here but 1t seems pertinent to emphasize the
mmportance of searching for evidence of liver dysfunction
1n the presence of serious dietary deficiency of protemn A
palpable Iner, abnormal hiver function tests and histo
logic changes m Lver tissue obtaned by biopsy will es
tablish the presence of lver disease Measurement of
enzyme activity 1n biopsy specimens may prove useful
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color, and falls out readily In older children, the “flag”
sign may be observed when the hair 1s held up away
from the scalp, stripes of normal color and of depigmen
tation may be noted, presumably sigmfymng periods of
dietary improvement and madequacy, respectively Iac-
tors responsible for these changes m the hair have not
been elucidated It has been postulated that deficiencies
of sulfur contaiming amino actds or of B complex vitamins
may be responsible

Alterations 1 function of the hadneys and heart have
been reported 1 kwashiorhor Oliguria 1s frequent and
electrocardiographic changes have been observed The
latter include dimmished amphitude of all deflections and
prolongatien of the Q-T interval (46)

Laboratory findings 1 kwashiorhor mnclude anema
which may be normocytic or slightly macrocytic, the bone
marrow shows relative hypoplasia of the erythroid series
(48) There 15 a decrease 1 pancreatic enzymes as de-
termmed by duodenal intubation and low levels of serum
amylase, esterase, lipase and alkaline phosphatase are ob-
served Serum protemn concentration 1s reduced markedly,
especually the albumm fraction Specimens of Lver ob-
taned by biopsy show fatty mfiltration, cellular necrosis,
fibrosis or a combmation of these changes Waterlow
{47) has found a fall in hiver psendo-cholnesterase par-
alleling the fall i plasma protems

Skam milk powder has been found to be effective mn the
treatment of kwashiorhor and 1ts use has led to marked
reduction m mortality Recently, pure casem and ammo
acid mixtures have been shown to mmitiate recovery (48)
Complete rehabilitation may require many months even
though an adequate diet high 1n protem 1s admimstered

Undoubtedly many mild cases of kwashiorkor go un-
recogmzed even m endemic areas, untl mtercurrent
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protem need 1s greatest Mamfestations of this syndrome
vary somewhat from one area to another due, m large
part, to differences m diet, in some localities, caloric
undernutrition and vitamm deficiency exist concomtantly
with deficiency of protem Kwashiorkor 15 extremely rare
m the Umted States although solated cases have been
observed

The fundamental signs of kwashiorkor m Africa are
retarded growth in the late breast feeding, weaning and
post weaning period, alterations 1n pigmentation of the
skin and harwr, edema, fatty mfiltration, cellular necrosis
or fibrosis of the liver and a hugh mortalty unless good
dietary protem 15 provided (38) Atrophy of the acu of
the pancreas 1s considered by several mnvestigators to be
a fundamental lesion

In central Amenca deficiency of calories and vitamins
often complicate the climcal picture (45) In this area
unhke Africa, the mcidence of kwashiorkor 1s relatively
high i children more than four years of age and may be
seen up to the age of twelve

Other features of kwashiorkor which are commonly
encountered mclude dermatoses, gastromtestial disturb
ances such as anorexia, digesttve upsets, diarrhea and
steatorrhea peevishness and mental apathy, and anemma
The sk lesions are multiple mn type bizarre m appear
ance, and have been designated “crazy pavement” der-
matosis Hyperpigmentation 1s frequent, with lesions
which resemble pellagra, except for therr distnbution
which 15 generalized rather than himted to areas exposed
to sunlight or trauma Vascular changes hyperkeratiniza-
tion and secondary mfection are often observed The eti-
ology of the skin lesions 1s uncertan vitammn amino
acid, or multiple deficiencies have been implicated The
hair becomes “dyspigmented,” often g a reddish
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’I‘lm 15 no true dietary requirement for car-
bohydrate since 1t can be synthesized mn the body from
either protemn or fat  Carbohydrate 1s utihized chiefly as
2 source of energy and furmishes 50 to 60 per cent of the
calones 1n the average Amencan diet It 1s more efficient
than protem or fat n providing fuel for muscular exer-
ase  Carbohydrate has an antiketogentc action n that 1t
hibits the breakdown of fatty acids m the liver and it
has 2 protem sparing action by decreasing the rate of
deammation of amno acids  Carbohydrate 1s essential
for normal function of the heart and nervous system, the
latter using only glucose to supply energy needs The con-
centration of glucose n the blood must be mamtaned
above a cntical level or serious damage may ensue, par
ticularly to the bram or myocardmum The hemostatic
mechamsms responsible for mamtamnmng 2 relatively con-
stand level of blood glucose mclude enzymatic, nervous
and hormonal components (49)

Carbohydrate 1s stored m the liver and muscles mn the
form of glycogen the extent of stores varymg with the
type of diet mgested Glycogen stores are highest when
the diet contamns large amounts of carbohydrate, nter-
mediate when the diet 1s lugh 1n protemn and lowest when
the diet 1s lugh 1n fat  Diets rich m carbohydrate protect
the liver agamst mjury by ensuring adequate storage of
glycogen

Carbobydrate has a detoxfymg action m the Lwer,
acetyl groups denved from carbohydrate are used m

49
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infection or parasitism precipitates the charactenstic syn
drome Further mvestigation should eheit early findings
and lead to recognition before the disorder has become
advanced

In regions of the world where kwashiorhor 1s common,
a lugh meidence of chronic hiver disease, not only currhosis
but also primary carcinoma, 1s observed m adults Rela
tionships of these pathologic changes to chromc protemn
malnutntion require further imvestigation

PROTEIN NEEDS FOR REPLETION

In planning nutritional rehabihtation of a patient with
protemn deficiency, certamn findmgs m studies of proten
repletion m ammals appear pertinent It has been shown
that the utthzation rate for a particular essential ammno
acid for repletion exceeds the rate for mamtenance by a
factor of 2 to 5 On this basis, the protem needs of de
pleted patients would be at least double those of normal
subjects (17) The seventy of protem depletion can be
estimated only grossly with present techmques The fol
lowing data considered together, should prove helpful
the amount of weight lost (actually the loss of muscle
and other actie metabolizing tissue), the extent of the
decrease 1n total circulating plasma protemn particularly
albumin, and mn tissue protemns as reflected by this de
crease (see p 39) and the daily loss of protem or mtro-
gen m urmme stools, exudates and effusions It should be
remembered also that amuno acrd requirements for re-
pletion of specific tissue protems vary according to the
structure of the protem and the position 1t holds in the
dynamic state of the body (17)
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persons excrete less than 0 1 per cent glucose mn the urine,
an amount not detectable with the usual chinieal labora-
tory procedures  An mcrense in glucose exerction and an
abnormally lngh concentration of glucose 1n the blood 1n
the post absorptive state (greater than 130 mg / ml/) 1s
suggestive evidence of dinbetes mellitus

The glucose tolerance test assists 1 establishing the
diagnosts, the blood sugar nises to levels above 170-180
mg/100 ml and remains elevated for three hours or more
The blood sugar response to oral «dministration of a large
dose of glucose 1s dependent 1n part on the previous diet
Glucose concentration increases to a greater extent and
for 2 more prolonged period when the diet has been high
mn fat than when 1t has been high mn protein, the elevation
15 still Jess and of shorter duration when a high carbo
hydrate diet has been consumed In starvation the glu
cose tolerance test 1s smilar to that observed following
admimistration of a diet high 1n fat, the increase 1n blood
glucose concentration resembles, m degree and duration,
that found 1n diabetes mellitus although the fasting blood
sugar level tends to be low

In sprue nutntional macrocyptic anema and some
vitamin B complex deficiency syndromes a flat glucose
tolerance test 1s observed 1 e glucose concentration nises
very little after admmistration of a large oral dose Ad-
mimstration of folic acid or vitamm B:. 1mproves glucose
absorption 1n sprue and nutrihonal macrocytic anemia m
most wstances (50)

Many factors influence the absorption of glucose from
the mtestinal tract These include the food mixture i the
ntestine the status of the mtestmal mucous membrane
the function of the endocrine glands particularly the
thyroid anterior pituitary and adrenal cortex and, as noted
above the mntake of vitamins of the B complex Absorption
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acetylation of numerous compounds and glycurome acid,
a carbohydrate dervative, combmes with phenolic hy
drozal groups This [atter reaction may be mmportant 1
regulation of the metabolism of steroid hormones and m
prevention of excessive accumulation of the sex hormones
m the body

A number of the coenzymes mvolved m the degradation
and synthesis of carbohydrates are formed from vitamms
of the B complex Coenzymes contaming thiamune, 1ibo
flavin, niacmamde, vitamimn B and pantothenie acid have
vital roles 1 intermediate carbohydrate metabolism Ac
cordmmgly, diets nch m carbohydrate require a generous
supply of these vitamins and an madequate quantity of
any one of them will prevent metabohe processes from
proceeding normally This mnformation 1s apphed m the
dhagnos:s of deficiency of one of the B vitamms, thiamine
m which pyruvic acid an mtermediate m the breakdown
of glucose accumulates 1 the blood and tissues (See
p 107)

Much has been learned m recent years about the hor-
monal regulation of carbohydrate metabolsm, of the roles
of insuln and of the adrenal and pitwitary hormones This
subject wall not be discussed smnce 1t belongs largely m the
field of endocrmology rather than nutrition

Abnormalities of carbohydrate metabolism are usually
hormonal rather than nutritional i origin  However,
changes do accur m starvation (19) and imn certam nu
tritional disorders associated with malabsorption  (See
p 123)

The simplest tests used in evaluating carbohydrate me-
tabohsm are determination of glucose excretion in the
urme and estimation of glucose concentration 1 the blood
durmng fasting and at mtervals after the admunstration of
a large dose of glucose, the glucose tolerance test Normal
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UNTKL recently, few attempts have been made
to evaluate hpid nutntion aside from estimation of the
extent of body fat stores i relation to obesity Fats have
been considered largely as a source of calories, as camers
of the fat soluble vitamins and as contributors to the
palatability and satiety value of diets There has been
considerable but sporadic mterest in cholesterol metabo-
hism and hypercholesterolerme states A few studies have
been carried out relative to the essentiality for man of
certan polyunsaturated fatty acids which are known to be
requred n the diet of many ammal species (5la) In
the past few years, however, evidence has accumulated
that suggests a relationship between dietary fat, serum
Iipid levels and the development of atherosclerosis As a
result, extensive research in Iipid metabolism has been
stimulated and a new area of nutrttional diagnosts 1s being
developed

Lipids comprise a wide vanety of chemical compounds
the most important of which are fatty acids, tnglycendes
(neutral fat) phospholipids and sterols Tnglycendes
consist of three fatty acids combined with glycerol There
are many types of phospholipids and there are two mm-
portant sterols cholesterol found m ammal tissues and
sitosterol n plants

Fatty acids differ in chamn length (number of carbon
atoms) and 1n degree of unsaturation (number of double
bonds) The polyunsaturated fatty acids, Linolerc lmolemc
and arachidonic constitute the essential fatty acids for

53
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1s gbnormally rapid 1n hyperthyroidism and abnormally
slow m hypothyroidism, hypopitwtarism and adrenal
msufficiency The glucose tolerance test 15 of diabetic
type n hyperthyroidism and m hyperfunction of the pitm
tary gland and adrenal cortex A flat glucose tolerance test
1s found m hypothyreidism, hypopitwitansm and hypo
function of the adrenal cortex

An excessive fall in blood sugar after a mea), especially
one high m sugar, 1s observed not mfrequently mn persons
who are otherwise normal This functional hypoglycemia
may be due to the same mechamsm as that which appears
to be operative m disease of the pitwtary or adrenal gland
namely, failure of the liver to respond with an mereased
output of glucose until the blood sugar concentration has
decreased to levels lower than normal
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viduals and 1nereases with age, but nesther the normal nor
optimal level 1s known In this country, Stare (51f) has
reported mean cholesterol levels in men and women aged
4045 years to be 240 and 225 mg per 100 m respectsely
There 1s some evidence that suggests that these levels may
be lugher than desirable Sixty per cent or more of the
cholesterol 1 blood 15 estenfied, the remainder bemg
present 1 free form It 1s thought that estenfication oc-
curs preferentially with unsaturated fatty acids

All of the hpids mn blood are transported i combina-
tion with protem, cholesterol, phospholip:d and tnglycer-
1de with globulin, unestenfied fatty acids with albumm
Lipoprotemns have been studied with several techmques
to effect separation, e g, by electrophboresis ultracentnfu-
gation and Cohn fractiopation Accordmgly, the major
fractions have been designated vanously leading to con-
fusion in termunology (51b) When hipoproteins are sepa-
rated by ultracentrifugation the very low density Iipo-
protems with Svedberg flotation (S:) umt values of 10 to
400 correspond 1n general to the “alpha ™ lipoprotems
separated electrophoretically, Iipoprotems of low density,
S; values of 0 to 10 correspond to the “beta” lipoprotems,
while the lugh density hipoprotemns nclude the “alpha,”
lipoprotems The albumin unestenfied fatty acid complex
15 of still lngher density Chylomicrons which are present
only when large amounts of absorbed fat has entered the
blood have extremely low density, Sr value about 40 000
umts Both high and low density hpoprotems contamn
protem tnglycende, cholesterol and phospholipid but
m varymg proportions

It 15 possible to measure the several moreties which
make up the vanous groups of Iipoprotems meluding therr
constituent fatty acids Methods are difficult, however and
applicable largely 1n research rather i general diagnosis
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ammals  Presumably they will be found to be essential
for man but this has not been demonstrated unequivocally

The optimal level of fat i the diet 1s not known and
smee fat may be formed from protem or carbohy drate, no
requirement can be formulated Recent evidence suggests
that both the amount and type of fat in the diet have an
mmportant effect on serum Iipid levels and that Iipid levels
m turn may have an mfluence on the development of
atherosclerosis (51, 52) Diets high 1n fat increase serum
cholesterol and other Iipid levels if other conditions re
mam the same With diets of comparable fat content,
serum cholesterol concentrations are lower when the
detary fat contams large amounts of unsaturated fatty
acids than when 1t 15 made up largely of saturated fatty
acds The polyunsaturated or essential fatty acids may
be of particular importance m this situation Thus m
evaluating hipid nutnition not only should the total fat
mntake be ascertamned but also the type of fatty acids m
cluded m the diet

The cholesterol content of the diet does not sigmificantly
nfluence serum cholesterol concentration over a range of
mtake of 250 to 800 mg daily which corresponds to quan
tities present 1 a wide varzety of diets (53) Cholesterol
15 manufactured m amounts of 15 to 20 gm daily from
acetate (54) which 1 tum can be formed from protemn
or carbohydrate

SERUM LIPID CONCENTRATIONS
Plasma contamns approximately 300 mg of fatty acids
per 100 ml 80 per cent of the fatty acids are present as
phospholipids or as simple esters of glycerol (triglycer
1des), 15 per cent are estenfied with cholesterol and 5 per
cent are unestertfied (51b) The blood cholesterol level
varies widely among population groups and among md1
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discases associated with hypercholesterolemia such as
diabetes mellitus, hypothyroidism and the nephroses  Per-
sons who have coronary artery disease have been found to
have ligher mean levels of serum cholesterol than persons
of similar age and sex who have no clinically demon-
strable atherosclerosss  In spite of the lumitations n mter-
preting serum cholesterol concentration, this measure-
ment gives as much mformation relative to the possibility
of atherosclerotic complications developing as does any
other determination currently available

Simple exammation of fasting serum for turbidity or
mitkiness, 1n conjunction with a cholesterol determination,
15 also informative (51b) In general, an elevated serum
cholesterol level will be associated with an ncrease 1n the
concentration of low or very low density hpoprotems
Marked elevation of cholesterol concentration n clear
serum usually reflects an icrease 1 the low density lipo-
protems (S: 0 to 10) and the serum often 1s deep yellow
mn color due to the carotene carnied by this fraction  Lac-
tescence of the serum implies an increase m triglycerides
and of the Jower density (higher S;) hpoprotems Tdio-
pathic hyperlipera 1s associated with marked turbidity
and the bulk of the tnglycende rich Iipoprotems may be
chylomicrons

Measurement of specific ipoprotem fractions 15 of assist-
ance m evaluating ipid metabolism 1n a number of dis-
eases (51b) Xanthomatous biliary curhosis may be ac-
compamed by very low concentrations of high density
Iipoprotems even though serum cholesterol may be ab-
normally lngh In untreated diabetic acidosts and glycogen
storage disease, the low density hipoprotems are ncreased
In the nephrotic syndrome, the concentration of very low
density hpoproteins 1s often elevated There 1s a difference
m lipoprotemn concentrations between men and women
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Lattle 15 known about the specific functions of the lipo
protemns or relationships of one class to another Fred
enchson (51b) has stated It appears that the umfymg
hypothesis of a smgle parent molecule, such as the chy
Iomicron, which would simply be shorn of more and more
of 1ts triglycernide to become lipoprotems of successively
decreasing size and greater density 1s not tenable for the
whole hpoprotein spectrum although 1t may be true m
part

Studies of the mechanism by which blood 1s cleared of
fat idicate that a hpoproten hpase probably catalyzes
the hydrolysis of tnglycende and 15 responsible for the
disappearance of chylomicrons and very low density hipo
protems This enzyme has been 1solated from the heart
and from adipose tissue It appears to be :dentical with
the clearmg factor found in blood after the mjection
of heparmn (51b)

There 15 evidence that the unesterified fatty acid frac
tion of plasma 1s of considerable significance, presumably
1t 15 m this form that fat 1s transported from depots to
other tissues for utilization

In view of the compleuties of lipid metabolism 1t 15
obvious that evaluation of hipid nutrition will be no easy
task A relatively simple biochemical measurement, that
of serum cholesterol, has been widely studied m recent
years particularly with reference to atherosclerosis The
current status of knowledge of relationships between
dietary fat, serum lipid levels and atherosclerosis has been
summarized m several recent reviews (51, 52)

Determination of serum cholesterol concentration 1s of
value 1 assessment of lipid nutrition although the normal
or 1deal level 1s unknown and there are wide variations
among individuals and even m the same person at differ-
ent times The meidence of atheroselerosis 1s mcreased 1n
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and enzymatic breakdown to fatty acids 1s ununpaired
1t has been postulated that the malabsorption may be due
to a defectve phosphorylating mechamsm as a result of
deficiency of one or more vitamuns of the B complex Since
admmistration of folic acid and vitamin B, often improve
absorption, these vitamns may be imolved Another con-
dition associated with malabsorption of fat 1s pancredtic
fibrosis In ths situation, a lessened amount of pancreatic
lipase 1s responsible for failure to hydrolyze fat

The best methed for measunmg fat absorption 1s the
metabolic balance study 1n which both dietary intake and
fecal excretion of fat are determined In chimeal diagnosis,
this 1s seldom feasible Gross and microscopic exammation
of the stool for fat gives some information if the previous
and current dietary mtake of fat can be estimated but this
15 only a rough qualitative test at best

A procedure that has been widely used 1n studying fat
absorption 1s the vitamin A tolerance test A large dose
of vitammn A 1n an oily mediam 1s admimstered for ex-
ample 5000 IU per klogram of body weight, and blood
levels are determmed before and at 3 6 9 and 12 hours
after the test dose In normal subjects the concentration
of vitamin A 1n blood increases marhedly usually five fold
ormore In patients with malabsorption of fat, only small
and delayed mereases in serum vitamm A are observed
(See Table 6 )

The admimstration of Lipiodol® with measurement of
10dme excretion 1n the urne has been suggested as a pro-
cedure for estimation of fat absorption but this test has
not proved satisfactory

Estimation of the degree of lipemia after mngestion of a
test meal of fat has been used to some extent i studymg
fat absorption  Smce chemical analysis of hipids presents
sertous techmcal dificulties, determination of plasma tur-
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In the age group 15 to 65 the male has higher concentra
tions of all major low density hipoprotems than the female
Gofman (55) has shown that i patients who have had a
myocardial mfarction the levels of low density hpopro
tems, especially 8¢ 12-400 classes, are elevated

Other measurements of lipid nutrition mclude chylorm
cron counts and determmation of phospholipid concen
tration 1 blood and of the phospholipid cholesterol ratio
Accurate chylomicron counts are difficult to obtan and
the mterpretation of findings 1s uncertam Elevated or
prolonged chylomicronemia has been suggested as a pos
sible contnibuting factor to the development of ather
osclerosis but data are few The normal phospholipid
concentration 1 serum 15 1 the neighborhood of 220 mg
per 100 ml and mcreases with age as does cholesterol
concentration A decrease n the phospholipid cholesterol
ratio has been considered an undesirable finding The con
centration of polyunsaturated fatty acids i serum may be
measured but methods are difficult and as yet no standards
of normaley are available It 1s antictpated that the great
attention currently bemg directed to hpid metabolism
will evolve new tests and more accurate methods of evalu
ating ipid nutrition m the near future

ABSORPTION O LIPIDS

Abnormalities m fat absorption present another problem
frequently encountered n clinical nutrition Bile salts
have an mmportant role m the emulsifymng system which
affects absorption of hpids  Impawed absorption of fat 15
observed when bile 1s absent from the ntestinal tract, as
1m obstructive jaundice, although the hydrolysis of fat to
fatty acids and glycexol by pancreatic hipase proceeds
normally Fat s poorly absorbed 1n sprue 1diopathic stea
torrhea and the celiac syndrome although bile 1s available
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manner as described for triolem (56) Most patients who
have diseases of the pancreas will have significant impair-
ment of absorption of neutral fat and normal absorption of
fatty acid  Subtotal gastnic resection has been found to
result 1n 1mpaired neutral fat absorption m approximately
half of the paitents studied (56)

KETOSIS

Ketosis should be mentioned briefly since 1t 1s occa-
sionally 2 nutritional problem Fat 1s used for energy con-
tinuously to some extent, but when there 1s a shortage of
carbohy drate, fat 1s needed for this purpose 1n ncreased
amounts Fat 1s degraded by rapid fragmentation of long
cham fatty acids to form 2-carbon and occasionally 4-
carbon umts Two-carbon umits may enter the tncar-
boxylic acid cycle, may be synthesized to fatty acids or
cholesterol, or may condense to form aceto-acetic acid
Aceto-acetic acid may be used m the tissues but 1s not
broken down 1 the liver The formation of this compound
15 greatly increased m diabetes mellitus and 1n starvation
When the concentration of aceto-acetic acid m the blood
reaches 20 mg per 100 ml ketonura results Some of the
aceto-acetic acid 1s converted to § hydroxy butync acid
and acetone Accumulation of these substances results
acidosis Diagnosis of ketosis 15 relatively easy as simple
tests are available for measurement of Letone bodies n
unne and 1 blood

LIPIDS AND LIVER DISEASE
The normal hiver contamns about 4 per cent fat, the
majonity of which 1s phosphohpid, the remamder bemng
glycendes and cholesterol In a number of pathologic con-
ditions hpids accumulate mn the liver cells and this ac-
cumulation 1s often followed by fibrosis and curhosis
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bidity or chylomicron counts have been advocated to
measure lipemia - The latter method 1s unsatisfactory due
to the many varmbles that influence findings Estimation
of plasma turbidity 1s a simple and informative test wiich
ments further nvestigation

Recently, lipids labelled with I** have become available
for studies of ntestmal absorption (56, 57) Trolem and
oleic acid labelled with I'*! are proving most useful m
mvestigating malabsorption syndromes and m differen
tating between 1mparment of digestion and mpairment
of absorption of fat A test meal of I'** triolem 1s admunis
tered mn the fasting state and the radioactivity of blood
samples 1s measured at the 4th, 5th and 6th hours there
after (56) The radicactivity of the total stool passed
during the 48 hour period after the meal may be measured
also The test meal consist of 25 g I trolem 05 cc
peanut o1l per kg body weight, an equal amount of water,
2 cc of Tween 80® and 20 gm of banum sulfate The
last mgredient 1s needed to permut checlung the emptymng
time of the stomach which would influence findings if
delayed Fecal excretion correlates well with fat balance
studies (58) I levels m whole blood at the 4th, 5th
and 6th hours are indicative of absorption m most
stances Normal mdividuals generally excrete less than
2% of the admnistered dose of radicacivity 1 the stools
m the 48 hour collection Patients with sprue and celiac
disease will have a flat blood curve and high radiactivity
m the feces

Abnormalities of fat digestion may be differentiated
from those of absorption by admimistration of a test meal
of I*-labeled oleic acid n addition to the test meal with
I.]abeled tnolen Oleic acid 25 pe 1s given m a gela-
tine capsule together with three capsules of barum sul-
fate and radioactivity mn blood determined mn the same
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Mosr of the 14 mmerals which appear to be
essential n human nutrition are widely distributed
foods and for many of them there s little danger that
dietary deficiency will occur In a number of pathologic
states, however, abnormalities of mineral nutrition develop
which require diagnosis and therapy The essential mmn-
erals are sodium potassium, chlorine calcium, phosphorus
sulfur, magnesmum, 1ron copper, 10dine, maganese, cobalt,
zine and molybdenum  Untul recently, mmeral metabolism
has been a somewhat neglected field of study, yet mun
erals, like vitamins have many vital phystologic functions
meluding mmportant roles 1 enzyme systems

WATER AND ELECTROLYTES

Dusturbances of water and electrolyte metabolhism are
extremely common and mportant m clinical medicme
Our understanding 1n this field has been mcreased greatly
through the use of 1sotopic techmques and by mveshga
tions of the role of the endocrine glands m water and
electrolyte metabolism The method of flame photometry
for estimation of sodium and potassium likewise has made
a distinct contribution to chimcal nvestigation Only a
bnef résumé of knowledge m this field, with particular
emphasis on nutritional aspects, can be undertaken m this
discussion A recent sympostum gives many mtereshng
details of some of the newer concepts and therr applica-
tion to medical problems (61)

For centunies water has been recognized as mndispen-
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Fatty livers have been produced m experimental animals
by diets high 1n fat and by diets low 1n protemn and low
m fat Deficiency of cholme or methionine appears to be
related to the accumulation of lipid 1n these situations
(60) Abundant evidence suggests that curhosis of the
lwer m man 1s often due to dietary deficiency Adminis
tration of choline has been shown to result 1n a decrease
m lver fat m fatty alecholic cirrhosis {39), both choline
and methiomne have been found to ncrease the rate of
phospholipid turnover (40) The value of diets high m
protemn m the prevention and treatment of experimental
arrhosis 1s well documented, evidence strongly suggests
that this 1s the case i man

LIPIDS AND GALLBLADDER DISEASE

Lipids have long been implicated in disease of the gall
bladder particularly m the pathogenesis of cholehthiasis
Gallbladder disease occurs with mcreased frequency in
hypercholesterolemic states There 1s httle precise infor
mation however, on the metabolic abnormahties which
are responsible for the formation of gallstones Bile con
tams cholesterol and cholesterol 15 metabolized to bile
acids The gallbladder wall can absorb lipids and choles
terol deposits are common m the wall and lumen of the
gallbladder, mcreasing with advancing age Aside from
these few facts, hittle 1s known of the role of cholesterol in
the production of cholelithiasis The current extensive
mvestigation of hpid metabobsm should elueidate this

problem
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organ 1n the hypothalimus Perhaps a deficit in volume in
some key portion of the body flusds may promote secretion
also Pamful and disagreeable shmuli increase secretion

‘The normal adult hdney can excrete the catabolites
formed 1 24 hours 1n as httle as 500 m] of urme In the
infant, the ability to concentrate unne 1s hmited, the met-
abolic rate 1s lugher, more metabolites per umt of body
size must be excreted and insensible loss of water from the
skin 15 greater than mn the adult As a result, depletion of
body water can occur more rapidly and be of more senous
consequence

The total amount of water m the body compnses about
50 to 55 per cent of total body weight, the volume of
extracellular flmd amounts to approxamately 23 per cent,
the plasma volume to about 5 per cent of body weight.
Methods for measuring the fluid content of the body and
its compartments consist chiefly of dilution techniques
many of which employ radioactive 1sotopes Details of a
number of these procedures and findings 1 certan dis-
ease states are given m a recent report by Moore and
associates (61a)

Water Depletion -

The syndrome of water depletion was studied 1n normal
subjects by Black, McCance and Young (62) The mitial
and most prommnent symptom was intense thust the
mouth became dry and there was difficulty 1n swallowmng
Weakness oliguna and loss of weight i proportion to
water deficit were observed Other findings mcluded a
change mn temperament, confusion and hallucmations
Plasma volume decreased shightly serum sodium nereased
and serum potassrum decreased Severe dehydration re-
sulted i prostraon penpheral crrculatory collapse,
anemia, azotema and serious electrolyte disturbances
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sable and man can hve for only short periods without 1t
The daily requirement 15 about 1 ml for each calore of
food or approximately 2 5 liters for the normal adult living
m a temperate chmate This water 15 supplied approxi-
mately as follows 1200 ml as higwuids, 1000 ml from the
water 1n solid foods and 300 ml from the water produced
by oudation When water balance 1s bemg mamtamed,
the loss 1s hkewise about 2 5 liters of which approumately
1500 ml 15 excreted by the kidneys, 500 ml by the skin
as msensible perspiration, 500 ml m the expired air and
100 m] 1n the stool The minmmal mtake of water which
will meet requurements during fasting , 1f actwity 15 im-
1ted, 15 0 8 Iiter daily which represents about 50 per cent
of the need The remamder 15 furmished by oudation and
release of cellular water Water reqmrement may be mn-
creased markedly i conditions associated with profuse
sweatmg, vomtmg diarrhea or polyuria

Flud 1s continually bemg exchanged between the var
ous compartments of the body and balance 1s mamtamed
by a number of regulatory mechamsms Water which 15
excreted mto the mtestinal tract each day may amount to
as much as 8 liters of which all but 100 m 1s reabsorbed
under normal condstions Normally, no electrolyte 1s Tost
1n the expired air or n 1nsensible perspiration and httle n
the intestmal discharge Accordmgly, the idney 1s pri-
manly responsible for water and electrolyte excretion and
for mamtaining the constancy of the body content of these
matenials Adrenal cortical hormones and the antidiuretic
hormone of the prtuitary play mportant roles i the regu
latory mechamsm (61b) The primary action of the ant1
diuretic hormone (A D H) 1s to decrease renal excretion
of water by mncreasmg reabsorption from the kidney
tubules The stimulus for AD H secretion 15 an increase
m the osmotic pressure of the flurd bathing a receptor
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renal 1schemia, hypotension and penpheral circulatory
fallure Oliguria and water retention may follow trauma
and perhaps other forms of stress The surgical patient 1s
liable to water retention and intoxication if an excessive
amount of sodium free water 1s administered It has been
suggested that anunc patients metabolize Jarge amounts
of fat and that this endogenously produced water m-
creases body water even if external water and electrolyte
balance remain constant Some surgical patients Iikewise
metabolize considerable amounts of fat The majonty of
cases of water intoxication result when excessive flurds are
gwven parenterally or per rectum, occasionaly from oral
mtake
The climcal symptoms of acute water mntoucation, ac-
cording to Wynn (6lc), usually begin suddenly with
mental disturbances Strange behavior, loss of attention,
confusion, staring aphasia, incoordination and sleepiess
are mterspersed with periods of violent behavior, shouting
delinum and extreme muscular weakness” Subsequently,
convulsions and coma are observed In cases of wsidious
onset, lethargy, prostration, muscle weakness, sleepness,
apathy and disorientation are promment findings Occa-
swonally there 1s anorexia, nausea and vomiting  Signs of
water mtoxication are largely the reverse of those of
sodium depletion There 1s gam 1n weight, normal tissue
turgor and elastiaity normal tension of the eyeballs warm
masst skin, normal pulse and normal or shghtly elevated
blood pressure Muscle strength 15 reduced In coma,
plantar reflexes are extensor m type
Laboratory findmgs mclude reduction of hemoglobm
and serum protem concentration reflecting the ncrease
m extracellular fluid and bloed velume Ar increase m
red cell volume 1s mdicated by a decrease 1n mean cor-
puscular hemoglobm concentration Serum sodmm and
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Dehydration accompanymg disease shows many of
these findings 1n conjunction with the primary abnormah
ties of the pathologic state Acute dehydration may result
from excessive sweating an increase m pulmonary or renal
water loss, from vomiting fistulae or diarrhea The dady
Ioss may amount to as much as 14 liters m sweat or urne
and 8 liters from the gastromntestinal tract In such situa
tions, total body water 1s reduced but the percentile
charge 15 not great, an acute loss of 7000 ml may result
m only a 5 to 7 per cent decrease m total body water
However, severe chinical effects ensue Careful measure
ment of changes m body weight 15 more useful m detect
mg the extent of acute water depletion and m following
rehydration than the more complicated estmations of
body water Determmation of the volume of pached
erythrocytes, of plasma protemn concentration or specxﬁc
gravity of plisma are of assistance in followmg the course
of dehydrated patients

Water Intoxication

Water mtoxication 15 a term which has been used i
the past to describe a syndrome m which water 15 retamed
m the body m excess of electrolytes Severe cases are
uncommon but sigmficant dilution of body fluids by excess
water 1s frequently observed and also frequently mus
diagnosed Actually there are several syndromes to which
the above definittion might apply, m all of which serum
hypotomeity 15 charactenstic These mclude 1) water
retention 2) primary sodium depletion and 3) symptom
less hypotomcity or asymptomatic hyponatremia m which
the cause 1s unknown (6lc) Prmary water retention will
be discussed here

Many clhinical states may be associated with a reduced
ability to excrete water, e g organic renal disease, reflex
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carbonate, protein and small amounts of organic cids
The pH 15 regulated 1n large part by the relative amounts
of chloride and bicarbonate The chlordes of the blood
constitute about two thirds of the amons, the normal con-
centration bemg 104 mEq/1 of serum

Recent studies indicate that bone functions as an elec-
trolyte reservor (6le) Skeletal sodum, which compnses
46% of the total body sodium, undoubtedly plys a role
m the sodum economy of the body smce some 6 to 13%
of this sodium can be mobihzed 1n the adult 1n response
to vanous stumult (61d) In amimals, a loss of bone sodium
has been demonstrated with low sodium diets, m hyper-
chloremic acidosss, after mercurial diuresis and following
adrenalectomy Presumably, sumlar losses may occur m
man under comparable condittons In view of this, total
deficats of sodium may be greater than those found by the
usual methods of calculation

Sodium plays a role erther lone or m conjunction with
other extracellular 10ns, n the conduction of nerve m-
pulses and 1n muscle contractility (64) Sodium metabo-
Lism 15 assocrated closely with that of water, although the
mechanisms regulating excretion of these substances are
not the same These mechanmsms maintam the concentra-
tion and amount of sodium and water m the body rela-
twely constant withm wide ranges of intake

Sodium 1s excreted m the urine sweat and feces urnary
excretion bemg of greatest importance Losses m sweat
are dependent upon the environmental temperature hu-
mdity and body heat In the unacchmatized person the
salt content of sweat may be 2 to 3 gm per liter whereas
after acchmatization sweat wll contamn only about 0 5 gm
per iter  Losses of sodum m the stool are small regard-
less of intake m the absence of ditrrhea, since the lower
small mtestme and colon absorb large amounts The
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chloride are reduced, serum potassium 1s low or normal
Serum bicarbonate 1s moderately reduced and blood urea
mitrogen 1s usually low unless anuna has been a feature
of the condition The sodum and chlonde concentration
of the urine may be quite high despite the low serum
concentration

SODIUM AND CHLORIDE

It has been customary to discuss the body requirements
of sodium and chlonde together In view of current
knowledge, 1t would seem deswrable to discuss require
ment of sodiumn separately, as well as n terms of salt The
mimmmum need of sodum 15 not defimtely known but
patients have been mamtamed on diets which furmshed
200 to 300 mg daily for long pertods without apparent 1l
effects The usual mtake of sodmm chloride (salt) by
adults i the United States 1s 7 to 15 gm daily, far more
than mmmum requirement (4a) This large supply will
amply fulfill needs except under conditions of profuse
sweatng or severe diarrhea or m certamn endocrme and
metabolic disturbances

Sodwum constitutes the largest fraction of the total base
of the blood plasma and extracellular fluds, the normal
concentration bemg 140 mEq/1 The total exchangeable
sodium 1n the body, as determned by dilution techmques
usmg radio-sodium, 15 about 2500 mEq or 41 mEq/hg
of body weight Sodium 1s assocrated chieflv with chlonde
and bicarbonate 10ns and functions with them to mamtamn
the osmotic pressure and 1omc equihbrium of the body
fluds and tissues (63) When osmotic equilibrium 1s
disturbed the functional capacity and viability of the cells
may be senously affected

Cations 1n the blood other than sodmm are calcium,
potassium and magnesmum  anions mclude chloride, bt
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The loss of sodium 1 assoctation with chronie nephntis
and certam types of acidosts, for example, drabetic acido-
s15, has Jong been appreciated

Excessive retentton of sodium 1s observed 1 many path-
ologic conditions mcluding cardize fallure nephnts,
nephrosis, cirthosss of the hiver and hyperfunction of the
adrenal cortex A primary mcrease m secretion of aldo-
sterone 15 observed 1 certain adrenal tumors while a sec-
ondary increase m secretion of this hormone has been
demonstrated i the other diseases mentioned above m
which sodum retention 15 common (611)

The diagnosis of sodm depletion s dependent on
appreciation of the situations i which 1t 1s hikely to occur
as well as on chmeal and laboratory findings The syn-
drome 1s gradual 1n onset with w eakness, lassitude, apathy,
and anoreva as early manifestations (65) Postural famt-
ness and restlessness with anxiety may be observed Itis
noteworthy that thurst, a promment finding 1n water de-
pletion, 15 absent Nausea, vomiting and muscle cramps
are noted as the depletion progresses The patient appears
haggard tissue turgor and elasticity are decreased and
there 15 Joss of weight The blood pressure falls, the pulse
pressure 15 low the limbs are pale and cold, and the pulse
1s rapid  Peripheral errculatory collapse 1s the mode of
death The concentrations of sodium and chlonde 1n the
serum are decreased and excretion of these substances m
the urine 15 very low or absent, except i Addisons or
renal disease  Plasma volume 1s decreased and as a con-
sequence, levels of serum protem and hemoglobin and the
volume of pached erythrocytes are mcreased Blood urea
mitrogen 1s elevated serum potassium may be mcreased
and serum bicarbonate decreased

Sodium depletion must be differentiated from other
syndromes m which hyponatrem:a 1s a finding  Causes of



70 NUTRITIONAL DIAGNOSIS

urmary excretion of sodwm 1s controlled principally by
the renal tubules which reabsorb sodm according to
bodily need, glomerular filtration mfluences loss to a cer
tam extent In the normal adult who igests an average
diet, approximately 100 mEq of sodium 15 excreted 1 the
urme m 24 hours In view of the magmtude of glomer
ular filtration, this means that about 99 6% of the sodium
presented to the tubules has been reabsorbed (4) When
dietary sodium 1s markedly restricted for several days,
almost no sodium 1s lost m the urme The regulatory
mechamsm for tubular reabsorption of sodmm 1s con
trolled 1 large measure by hormones of the adrenal gland
Recent evidence suggests that aldosterone, the recently
1solated adrenal hormone, has a major role mn salt and
water homeostasts The activity of aldosterone 15 an
alagous to that of desoxycorticosterone m its effect on
renal sodnm and potassium excretion but 1s about 30
times as great According to Bartter (611) secretion of this
hormone 15 controlled by a function of extracellular flurd
volume, a function of potasstum 1ons and, less importantly,
adrenocorticotropic hormones

Sodium Depletion and Retention

Sodium metabolism 15 deranged 1n many disease states
Depletion may occur 1n subjects receiving diets serously
restricted 1m sodium, such as those used in the therapy
of hypertension or m the control of chromc, extensive
edema Sodmum defictency may follow prolonged vomut
g diarthea, profuse sweating exudation of flud from
burned or otherwise mjured areas and profound diuresis
particularly when low sodum diets have beer admmn
stered In adrenal msufficiency large amounts of sodim
are Jost mn the urme and much of the symptomatology of
Addison s disease may be attnibutable to sodium depletion
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The prognosis 1s poor unless these 1s 2 response to ade-
quate nutntion®d mtake

A number of these patients with chrome disease may
have a defect similar to that noted m starvation by Moore
and associates (61a) In starvation, total body water ex-
pressed as per cent of actual body weight 1s normal, or
nearly so as a result of the balance between marked
reduction n ntracellular water and marked mncrease
extracellular flmd The total exchangeable sodwm and
chlonde are very lugh, while total exchangeable potassium
1s low 1n relation to weight Low serum sodwm and
shghtly hugh serum potassium concentration are cbserved,
the depression m serum sodum representing not dehydra
tion but relative overhydration Moore suggests that these
changes may be explajned on the basis of insufBctent avail-
able energy Enery 1s requred for exclusion of sodium
from the cell and retention of potassium within the cell
and for mamtenance of 1sotomerty of extracellular flurd
by the renal tubule These mechanisms may break down
m the absence of sufficient energy If this explanation 1s
correct and applicable to certain patients wath chronic
disease and hyponatrema, the fundamental need of this
group of patients may be for energy

It 15 obvious from the above that accurate diagnosis of
the status of sodium metabolism 15 not simple and that
rehance cannot be placed on any single chnical sign or
laboratory test The whole picture must be carefully
evaluated At tumes, the more complicated techmques for
studymng body composition must be applied for clear
defimtion of the situation

Combmed Water and Salt Depletion

Combued water and salt depletion 1s a syndrome com-
monly encountered 1 chmeal medicme Findings are
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hyponatrema other than sodium depletion mclude deple
tion of potassium, primary water retention and, possibly,
miracellular hypo osmolanty due to a change n the state
of mtracellular amons (61f) The signs of primary water
retention have been described (p 67) while those of po
tassium depletion wil be considered subsequently (p 76)

Hyponatremia may be observed m many chrome, sen
ous illnesses and may develap 1 the presence of a normal,
low, or high total body sodium Clinical assessment of the
probable level of body sodium 1s of primary importance
for mstitution of proper therapy Edelman (61f), from
a consideration of data compiled from the hterature, sug
gested that demonstratable edema 1s a reliable gmde to
the quantity of sodium m the body Total body sodwm
was found to be mereased by essentially the same amount
m edematous subjects with cardiac, hepatic or renal dis-
ease who were hyponatremic as i those who were euna
tremic Conversely, when total body sodum was de
creased dehydration rather than edema accompanied
hyponatremia  However findings obtamned by Moore and
associates (6la) mn studies of starvation show that total
body sodium may be high m the absence of edema This
may be true in other hyponatremic states

A type of hyponatremia often seen in patents with
chronie 1llness has been designated asymptomatic hypo
natremia by Wynn (6l¢) who has pomted out that this
condition 15 unaffected by treatment with salt and not
corrected by water restriction It may possible be due to
a pnmary lowering of mtracellular osmotic pressure Pa-
tients with asymptomatic hyponatremia have no findings
relative to the low level of serum sodium per se They
extubit tissue wastmg progressive loss of weight, normal
pulse and blood pressure and usually, a decrease m hemo-
globun, volume of pached erythrocytes and serum proteins
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amount may be harmful if therc 1s renal damage or
adrenal msufficiency

Potassium 15 the principal cation of the cells, the con-
centration 1n extracellular flnds amounting to only a small
per cent of the mtracellular concentration In the normal
adult, the 1verage level of potassum n serum 1s 42
mECq/1 m the cells, 112mEq/1 (66) Total exchangeable
potassium has been found to be 47 mEq/hg of body
wesght 1 the male, 40 mEq/Ahg 1n the female (6la)

The mmportant role of potassium n metabohsm 1s mdt
cated by the close relationship between cell growth and
potassium accumulation and cell breakdown and potas-
sium loss  Potassium 1s closely associated with protemn and
glycogen and functions m the cells 1 conjunction with
phosphate chlonide and bicarbonate The exaitability of
nerve tissue the transmission of nerve impulses and the
contractihty of all types of muscles are mfluenced pro
foundly by potassium concentration Paralys:s of strated
muscle 1s chserved when the serum concentration 1s less
than 2 to 25 mEq/1 Smooth muscle and cardiac muscle,
likewse, are affected by potassium deficiency Potassium
1s mvolved 1 a number of enzyme reactions According
to Greisheimer (67) the transport of potassium across
cell boundaries agamst existing jome concentration gradi-
ents seerns to be hinked with the carbohydrate phosphory-
lation cycle

The hidney 1s largely responsible for mantammg a
balance between the mtake and output of potassium m a
manner which resembles that for sodium except that dur-
g fasting or after tissue damage potassium 1s released
from the cells and excreted 1n the urine  Potassium leaves
the cells with mitrogen 1n the ratio of about 27 mEq po-
tassium per gram of mtrogen Schwartz (68) found that
potassium excretion 1s mncreased under the followng con-
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those of both water and salt deficiency anorexia, weak
ness, nausea, vomiting, muscle cramps and peripheral
circulatory collapse (signs of sodum deficiency), thust
and ohigunia (signs of water deficiency) Heat cramps,
which occur 1n persons working 1n very hot environments,
are an example of this syndrome If only water 1s ingested,
the severity of symptoms 1s mcreased

Hypernatrema

Hypernatrerma appears to be relatively uncommon as
judged by the hmited number of pubhcations on ths sub
ject In a recent review Knowles (61g) cutes the follow
mg causes 1) deficient intake of water 2) excessive out
put of water due to a) solute diures:s of urea or glucose
b) uncontrolled diabetes msipidus, ¢) gastroententis or
d) hyperventilation, and 3) unclassified Hypernatremia
signifies a serum sodim concentration greater than 150
mEq/1 It seems likely that a primary water deficiency
precedes and mitiates the mcerease n serum sodmum con
centration 1n most mstances The condition 1s found most
often 1 elderly patients m whom water ntake has beent
Iimited or in subjects undergomg solute dresis from
urea or glucose Unless hypernatrema 1s severe, there are
few or no abnormal symptoms or signs In severe cases,
coma and bizarre neurologic findings may be observed

POTASSIUM

Potassium 15 abundant n both plant and anmnal tissues
and primary dietary deficiency 1s not observed However,
potassium depletion 1s encountered frequently m clinical
medicine secondary to a number of pathologic states The
mmmal daily requirement of potassium 1s not known but
presumably 1s smmilar to that of sodum Ingestion of
excessive amounts of potassium leads to toxicity Normal
persons can take 6 gm daily without danger but this
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1 to 3 mEq per 100 calorics metabolized, usually 20 to 30
mEq per square meter of body surface in 24 hours (69)
The chnical features of potassium deficiency are depen-
dent on decreased muscular imtability and disturbances
of conduction and contractility of the heart muscle Lassi-
tude and general muscular weakness 1s followed by flaceid
paralysis, lethargy and, at times, coma Decreased tone of
the smooth muscles produces gastric and mtestinal dis-
tention, nausea, vomiting and paralytic ileus Cardmac
dilation, hypertension congestive heart fallure and cardiac
arrest may ensue Weakness of the respiratory muscles
may be observed Death may be the result of cardiac or
respiratory failure or paralytic lleus The paralysis of
muscles, both smooth and sheletal, appears to be due to
failure of myoneural conduction The electrocardiogram
often shows flat or inverted T-waves, promment U waves,
prolongation of the Q T interval and RS T segment de-
pression
Estimation of serum concentration of potassium 1s use-
ful m evaluating the status of potassium nutntion if find-
mgs are mterpreted in the ight of certam basic considera-
tions Serum concentration of potassium reflects changes
m serum pH and 1n concentration of potassium 1 cells
(69) Scribner and Burnell (61h) suggest that potassium
deficiency and excess be defined mn terms of a ratio (Kr)
between the total potasstum content and the total potas-
sium capacity of the body The latter means “the sum
total of all antons and other chemical groups outside the
extracellular space capable of holding or binding potas-
swumn tons” Potassium depletion represents a decrease m
Kr, 1 e 1n the content-capacity ratio potassium excess,
an mcrease mn this ratio  Interpretation of serum potas-
swum concentration requires consideration of factors which
can alter concentration independently of Xr The most
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ditions  when serum potassium concentration mereases,
both acidosis and alkalosis, by admimstration of desoxy
corhicosterone, aldosterone, corticosterone, other corticords
or adrenocorticotropic hormone, or by actvation of the
adrenal cortex Urmne with a high level of sodwm 1s
usually high 1n potassium as well The mercursal diuretics
produce alkalosis that may or may not be accompanied by
potassium deficit In renal failure with obguria, or when
shock and dehydration are present, potassum may be
retamed and touc levels may ensue If urme volume 15
hugh, potassium exeretion 1s usually mamtamed e!@éi
advanced renal insufficiency X

Moderate amounts of potassum are lost m the stools,
about 2 millimoles per day bemng excreted by healthy n
fants (69) In mfantile diarrhea, potassium loss mn the
stools may amount to 17 milmoles per day

Potassium Deficiency ’

Potassium deficiency 1s ikely to develop m acidosis and
alkalosis and 1 conditions mn which tissues are broken
down with resultant loss of potassrum m the urme Such
conditions mclude starvation, infections tumors diabetes
mellitus and stress situations such as trauma or operative
procedures Potassium excretion may be mcreased by
altered renal tubular function in alkalosis Also, potas-
stum deficiency alters renal function so that alkalosis ap
pears or persists  Potassium deficiency may be mduced by
admmistration of duretics and of adrenal cortical hor-
mones Loss of potassium m gastromtestmal secretions
through diarthea or vomting may lead to depletion In-
travenous alimentation with solutions free of potassium
may also result i deficiency The expenditure of potas
sium under conditions of parenteral feeding varies from
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preventng serions deficiency from developing  Patients
with alkalosis and hypolalemin, also, develop symptoms
readily since alkalosis increases the tendency to transfer
potassium from extracellular to intracellular flids  In non
dubetic rerdosis with patassium deficiency, hypokalermia
develops more slowly due 1n part to retardation in transfer
of potassium mto the cells by the acidosis and to ugher
mitial serum potassium concentration 1n most nstances

Hyperkalema

Potassium excess and an increase 1n serum potassium 1§
less common than hypokalemia It 15 encountered most
often 1 advanced renal disease with oliguria or when
renal function 1s impaired by shock or dehydration It 1s
also seen m adrenal msufficiency or 1t may be due to the
mjudicrous use of potassium salts Clinical findings
hyperkalemia include mental confusion, weakness, numb
ness and tingling of the extremities, pallor, cold sk,
disturbances 1n cardiac thythm and penpheral vascular
collapse A flaccid paralysis of skeletal muscle has been
observed 1 advanced renal failure when serum concen-
tration of potassium was lgh resembling the paralysis
seen m potassium deficiency (69) Electrocardiographic
changes may appear at serum potassium concentrations
above 65 mEq/1 and abnormalities roughly parallel the
degree of potassum mcrease ‘There 1s alteration and
peakmng of the T waves and prolongation of the QRS and
PR intervals Fmally auncular standstill and delay m
mtraventricular conduction may occur endmng ultimately
m total arryhthmia and cardiac arrest

CALCIUM
In spite of extensive mvestigation of caleiam metabo
hsm the most satisfactory level of calerum mtake for
growth or for mamntenance 1 adult life 15 unknown and
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notable factor 15 change m extracellular pH In severe
alkalosis, serum potassium concentration may be low with
an essentially normal content capacity ratio, 1 e even if
cell potassium 15 normal Serum concentration 1s espe
cially low when cellular potassium 15 decreased In alka
losis serum potassium concentration 1s not likely to be
high unless renal function 1s impaired and cell potassium
1s relatively normal (69)

In severe acidosis, serum potassium concentration may
be high with a normal Kr Concentration may be either
normal or high despite cellular defects In fact, a normal
serum potasstum concentration 1 acidosis reflects a mod
erate potassium depletion while a low serum concentra
tion reflects a profound depletion Scribner and Bumell
(61h) pomt out that water depletion, changes m the size
of the extracellular space and changes 1n renal function
do not cause significant changes 1n serum potassium con
centration which do not reflect Kr  Accordingly, they state
that m the majority of chimcal situations, the serum po
tassium concentration interpreted 1 the hght of extra
cellular pH will reflect Kr accurately and, therefore, the
potassium needs of patients

Duabetic coma may be used to lustrate the above prin
ciples  Acidosts causes an imitial hyperkalemia  The mag
nitude of potassium depletion can be estmated by the
severity of the acidosis and the serum potassium concen
tration When the mtial serum potassium concentration
1s normal or low mtial potassium depletion has been
moderate or marked After admmstration of msuln
glycogen 1s deposited and potassium 15 drawn to the
cells Symptoms of deficiency may develop rapidly with
restoration of metabolism if defieits have been marked
(69) Appreciation of the magmtude of 1ihal depletion
and mstitution of proper therapy 1s of great importance 1n
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cent 15 1n 10mzed form, the remainder bemng bound to pro-
temn and varying with the concentration of serum proteins
The 10mized fraction 1s responsible for the prevention of
tetany Mechansms for the maintenance of serum calcium
are comphcated and are dependent upon ealeification and
decaleification of bone as well as on dietary caleum (63)

The parathyroid hormone and vitamin D have dommant
roles but the sex hormones, the hidney and the acid base
balance of the body are also concerned Relationships
between caleium, phosphorus and vitarmn D and changes
whch are observed 1n nickets are discussed under vitamin
D nutntion (p 140)

Caleium excretion vanes widely in normal subjects at
any given level of mtake Excretion 1s influenced by the
calelum ntale sheletal size acid base balance and “en-
dogenous factors” which mnclude several of the body hor-
mones (70)

Calesum Deficiency

‘There 15 a real need for the development of procedures
for evaluating calcium nutnition and detecting deficiency
at any early stage Diagnosis at present 1s dependent upon
the appearance of the charactenstic chimeal picture of
tetany which 1s manifested by carpopedal spasm and, at
times convulsive sexzures Laryngospasm may occur par-
ticularly mn children Paresthesias of the hands feet and
lips are common Trousseaus and Chvosteks signs are
posiive The concentration of caleium n serum decreases
to low levels, usually to less than 4 m Eq/1

Tetany 1s observed frequently 1n association with nickets
and osteomalacia and 15 encountered occasionally m sprue
and other steatortheas “Hunger osteomalacia” which 1s
observed m some subjects during starvabon may be due
1 part to deficiency of calelum as well as of protemn
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there are no methods available for accurate apprassal of
the status of calcium nutrition

Calerum serves as a structural component of bones and
teeth which contain 99 per cent of the calcum m the
body The small portion of calerum m serum and soft
tissues exists partly m 1onized form and 1s concerned m
neuromuscular excitability, the blood clotting mechantsm,
and membrane permeability It 15 known that certan
enzymes are activated by calcrum At least part of the
calelum m the skeleton 1s available to mamtam the level
1 blood and other tissues when dietary supply 1s Iimited
The recommended dretary allowances for caleum (Table
3) are based largely on balance studies with their mherent
defects and difficulties 1n mterpretation  Such studies do
not indicate the distribution of caleium m the body or the
extent of storage Calelum balance tends to reflect pre
vious dietary mtake and there 15 evidence of adaptation to
low levels of intake

It 15 known that the ability to utilize caleium from m
gested food vanes greatly among indiwiduals and that
numerous exogenous and endogenous factors nfluence
absorption and excretion Uthzation 1s usually m the
neighborhood of 20 to 30 per cent but may be greater m
children who are deficient 1n calerum Absorption 15 1
fluenced by the relative and absolute levels of calcum
and phosphorus 1n the diet ratios between 1 1 and 21
betng optimal during growth Absorption 1s facilitated by
normal gastric acidity, enhanced by vitamin D and i
creased by protemn lactose and citrates m the diet Ab-
sorption 15 decreased by the presence of phytates, oxalates
and fatty acids 1 foods due to the formation of nsoluble
calcium salts

The normal concentration of calctum m the blood 1s 9
to 11 5 mg per 100 m! (4 5-6 0 mEq/1) of which 50 60 per
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cent 15 1n 1omzed form, the remmnder bemg bound to pro-
temn and varying with the concentration of serum proteins

The 10mzed fraction 15 responsible for the prevention of
tetany Mechanisms for the maintenance of serum caleium
are complicated and are dependent upon caleification and
decalaification of bone as well as on dietary caleum (63)

The parathyro:d hormone and vitamin D have dominant
roles but the sex hormones, the hidney and the acid base
balance of the body are also concerned Relationships
between caleium, phosphorus and vitamm D and changes
which are observed m rickets are discussed under vitamin
D nutntion (p 140)

Caleium eseretion vanes widely in normal subjects at
any given level of intake Excretion 1s influenced by the
caleium mtale, sheletal size, acid base balance and “en-
dogenous factors” which mclude several of the body hor-
mones (70)

Calesum Deficsency

There 15 a real need for the development of procedures
for evaluating caleium nutntion and detecting deficiency
atany early stage Diagnosis at present 1s dependent upon
the appearance of the charactenstic climcal picture of
tetany which 1s mamfested by carpopedal spasm and, at
times, convulsive seizures Laryngospasm may occur par-
ticularly i chuldren Paresthesias of the hands feet and
Iips are common Trousseaus and Chvosteks signs are
posittive  The concentration of calcium m serum decreases
to low levels usually to less than 4 m Eq/1

Tetany 15 observed frequently m assoctation with rickets
and osteomalacia and 1s encountered occasionally m sprue
and other steatorrheas “Hunger osteomalacia” which 1s
observed m some subjects during starvation may be due
m part to deficiency of calaium as well as of protemn
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there are no methods available for accurate apprasal of
the status of caletum nutrition

Calcium serves as a structural component of bones and
teeth which contain 99 per cent of the calewum m the
body The small portion of calcium m serum and soft
tissues exsts partly m 1onized form and 1s concerned 1
neuromuscular excitability, the blood clotting mechamsm,
and membrane permeability It 1s known that certan
enzymes are activated by caleum At least part of the
calcrum 1n the sheleton 15 avallable to mamtam the level
m blood and other tissues when dietary supply 1s lumted
The recommended dietary allowances for calcium (Table
3) are based largely on balance studies with their mherent
defects and difficulties 1 mterpretation  Such studies do
not mdicate the distribution of calerum 1 the body or the
extent of storage Caleium balance tends to reflect pre
vious dietary mntake and there 1s evidence of adaptation to
low levels of ntale

It 1s known that the abihity to utihze calerum from
gested food vanes greatly among mdividuals and that
numerous exogenous and endogenous factors mfluence
absorption and excretion Utihzation 1s usually n the
neighborhood of 20 to 30 per cent but may be greater m
children who are deficient in caleum  Absorption 1s 1m
fluenced by the relative and absolute levels of calcium
and phosphorus i the diet, ratios between 1 1 and 2 1
being optimal during growth Absorption 1s facilitated by
normal gastnic acidity enhanced by vitamin D and in-
creased by protemn lactose and citrates 1n the diet Ab-
sorption 15 decreased by the presence of phytates oxalates
and fatty acids 1n foods due to the formation of msoluble
calcium salts

The normal concentration of calerum m the blood 1s 9
to 11 5 mg per 100 ml (45 6 0 mEq/1) of which 50-60 per



MINERAL NUTRITION 81

cent 15 1n 10mzed form, the remainder bemng bound to pro-
tein and varying with the concentration of serum proteins
The 1omzed fraction 1s responsible for the prevention of
tetany Mechamisms for the mantenance of serum caleium
are complicated and are dependent upon caletfication and
decaleification of bone as well as on dietary caletum (63)
The parathyroid hormone and vitammn D have domimant
roles but the sex hormones, the hidney and the acid base
balance of the body are also concerned Relationships
between calcium, phosphorus and vitamin D and changes
which are observed m nickets are discussed under vitamn
D nutntion (p 140)

Calcium excretion vanes widely in normal subjects at
any given level of mtake Excretion 1s influenced by the
caleium mtale, skeletal size, acid base balance and en-

dogenous factors which mclude several of the body hor-
mones (70)

Calesum Deficiency

There 15 a real need for the development of procedures
for evaluating calerum nutnition and detecting deficiency
atany early stage Diagnosis at present 1s dependent upon
the appearance of the charactenstic clmcal picture of
tetany which 1s manfested by carpopedal spasm and, at
fimes, convulsive setzures Laryngospasm may oceur par-
ticularly m cluldren Paresthesias of the hands, feet and
hips are common ‘Trousseaus and Chvosteks signs are
positive The concentration of calcium 1n serum decreases
to low levels usually to less than 4 m Eq/1

Tetany 15 observed frequently m association with rickets
and osteomalacia and 1s encountered occastonally m sprue
and other steatorrheas Hunger osteomalacia which 1s
observed m some subjects dunng starvation may be due
m part to deficiency of calerum as well as of proten
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The osteoporosis of aging 1s considered to represent a
failure of bone matrix formation rather than calelum de
ficlency Therapy with calelum 1s not efficacious although
admimstration of sex hormones may be beneficial

Hypercalcerma and metastatic calaification of tissue

' does not oceur as a result of excessive dietary mtake alone
+  but 1s dependent on excessive admmstration of vitamn D
4, Or some metabolic abnormality such as hyperparathyrmd
st
PHOSPHORUS
! The abundant supply of phosphorus mn foods almost
4} precludes the possibility of dietary deficiency occurring m
man The daily allowance should probably be about equal
to that of calcum for chuldren and for women durng
pregnancy, perhaps 15 times that of calcium for other
adults (4a) Phosphorus 1s distributed n the body as
follows about 80 per cent i bones and teeth, 10 per cent
mn combmation with protems lipids carbohydrates and
other orgamc compounds 1 muscles and the remainder
throughout the body m organic combmation (63) The
deposition and release of phosphorus from bones 1s de-
pendent on the same mechamsms that affect calcium

Phosphorus has a vital role in many metabolic processes
phosphorus compounds are essential i fat and carbo
hydrate metabolism and are nvolved m muscle contrac
tion and m energy transfer systems Phosphorylation 15
essential for absorption of certan nutrients Phosphates
of extracellular flmd participate i acid base regulation
and phosphate 15 the chief morganic 10n of mtracellular
fluild The normal morganic phosphate concentration m
blood 15 2 to 45 mg/100 ml (1 2-30 mEq/1) mn adults 3
to 5 mg/100 ml (25 45 mEq/1) mn children

Phosphorus metabolism like that of calcium 1s dis
turbed 1n nickets osteomalacta and diseases of the thyroid
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and parathyroid glands The metabolism of this mineral
1s also nfluenced by the steroid hormones In rickets,
urnary excretion of phosphorus is inereased  This also
occurs 1 the I'anconi syndrome apparently due to a renal
lesion which prevents reabsorption of phosphorus from
the tubules (p 42) In “resistant nchets,” studies with
radioactne phosphorus have shown phosphorus absorp-
tion to be normal  Mechamisms responsible for this syn-
drome have not been determined, endocrine imbalance,
abnormal renal function or metabolic abnormalities have
been suggested
MAGNESIUM

Magneswm 15 undoubtedly required for growth and
mantenance but little 15 known about the quantitatne
need m man Diets contauning 025 to 03 mg of mag-
nesum daily, have mamntamed adults i balance (71)
The body contains over 20 gm of magnesium of which
more than half 15 found 1n bone 1n combnation with cal-
cium and phosphorus  The remainder 1s present in soft
tissues largely within the cells where 1t functions as a
catalyst 1n a number of enzymatic reactions

Magnesium deficiency has been observed i several
species of anmals, neuromuscular abnormalities and renal
damage bemng promment findings Deficiency 1 man 15
not clearly defined although low levels of serum mag-
nesium have been reported 1 many pathologieal cond:-
tions Low magnesium concentration has been fornd in
association with muscle twitching and convulsions but
may be present without any charactenstic symptoms The
normal value for serum magunesium vanes with the method
of determination Flink (71) reports a mean value of
101 = 02 mEq/1 by the molybdivanadate method and
227 == 026 mEq/1 by the titan yellow method Serum
magnestum does not always reflect body stores of this
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substance just as serum potassium concentration may not
be mdicative of body content

Depletion of body magnesium has been demonstrated
m diabetic acidosis Flink and associates (71) reported
magnesium defictency 1n chronic alcoholism and mn cer
tan other chromc debilitating illnesses Gross muscle
tremor and delirtum were common findings, muscular
twitching, chorerform and athetoid movements and con
vulsions were encountered at times Serum magnesum
concentration was low m most nstances Admumstration
of a magnesim salt appeared beneficial n a number of
subjects who had the above findings Response was dra
matic 1n some mstances but required several days mn
others

The authors believe that the major mamfestations of
magnestum deficiency are related to cellular deficit The
pathogenesis of magnesium deficiency needs clarification
although deficient ntake dunng prolonged penods of
parenteral feedmg or n the course of prolonged alcoholie
episodes are important factors Aldosterone may have an
mfluence as hypomagneserma and negative magnesium
balance has been found m primary aldosteronism (71b)

SULFUR

Sulfur 15 a constituent of all body cells bemng present
m the sulfur contammng ammo acids of protems Small
amounts of morganic sulfur are also present i tissues
Sulfur 1s found in certamn carbohydrates e g, chondroitin
sulfunc acid m cartilage tendons and bone matnix Itisa
constituent of the sulfatides glutathione mnsuln biotin
and thiamine (63) Little 15 known about the human
requirement of sulfur but 1t 1s presumably closely related
to the need of sulfur contaiming ammo acids  These are
discussed mn connection wath protein metabolism (p 35)
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IRON

Tron deficiency may be nutmtional mn origin or result
from loss of blood, particularly from chrenic hemorrhage
Dictary deficiency of on may be observed dunng the
growth penoad, especially 1n infancy and adolescence, and
during the reproductive life of the female The newbom
mfant has a certam amount of stored 1ron the quantity
bemg related to maternal supply during pregnancy

Tron has a number of important functions 1n the body
It 15 an essential component of the hemin chromopro-
tems, hemoglobmn, myoglobmn, the cytochromes, peroxi-
dase and catalase All of these play vatal roles i the
transport and utihization of oxygen for energy require-
ments (72)

Knowledge of certan features of iron metabolism 1s
necessary for estimation of the adequacy of dietary mtake
and for diagnoss of potential wron deficiency before overt
anemi occurs Meany factors influence iron absorption
and once 1ron 15 absorbed, only small quantities are lost
from the body (72) Studies with radioactive 1ron md:
cate that absorption of won salts 1s dependent on bodily
need normal adults absorb only small amounts whereas
persons with won deficiency anemia absorb much larger
quantities Moore and Dubach (73) have shown that
normal subjects absorb about 10 per cent of iron from
foodstuffs Dunng the growth period, absorption ap-
pears to be related to requirement and ranges from 8§ to
28 per cent An mcrease m absorption occurs n the latter
months of pregnancy presumably due to fetal need

It has been postulated that absorption 15 regulated by
an 1ron contamning protem ferntm, i the intestinal mu
cosa According to ths theory, won becomes attached
to the won free form of this protemn apoferretin m the
mucosal cell to produce ferretin and 1s subsequently re-
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substance just as serum potassium concentration may not
be indicative of body content

Depletion of body magnesum has been demonstrated
m diabetic acidosis Fhink and associates (71) reported
magnesium deficiency mn chronic alcoholism and i cer
tam other chromic debihtatng illnesses Gross muscle
tremor and delrmm were common findings, muscular
twitching, choreiform and athetoid movements and con
vulsions were encountered at times Serum magnesium
concentration was low mn most mstances Admmistration
of 2 magnesium salt appeared beneficial m a number of
subjects who had the above findings Response was dra
matic 1n some mstances but required several days i
others

The anthors belteve that the major mamifestations of
magnesium deficiency are related to cellular deficit The
pathogenesis of magnesium deficiency needs clarification
although deficient mtake durmg prolonged periods of
parenteral feeding or i the course of prolonged alcoholic
episodes are important factors Aldosterone may have an
mfluence as hypomagnesemia and negative magnesium
balance has been found mn primary aldosteromsm (71b)

SULFUR

Sulfur 1s a constituent of all body cells bemng present
m the sulfur containing ammo acids of protemns Small
amounts of morganic sulfur are also present m tissues
Sulfur 15 found m certan carbohydrates, e g chondrothn
sulfunc acid m cartilage, tendons and bone matrix Itisa
constituent of the sulfatides glutathione, mnsulin biotin
and thiamme (63) Little 1s known about the human
requrement of sulfur but 1t 1s presumably closely related
to the need of sulfur contamnmg ammno acids These are
discussed 1m connection wath protein metabolism (p 35)
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IRON

Tron deficiency may be nutntional in ongin or result
from loss of blood, particularly from chironic hemorrhage
Dietary deficiency of 1on may be observed dunng the
growth pertod, espectally n nfancy and adolescence, and
dunng the reproductive hife of the female The newbom
mfant has a certan amount of stored iron the quantity
being related to maternal supply during pregnancy

Tron has a number of important functions i the body
It 15 an essent:al component of the hemin chromopro-
tens, hemoglobin, myoglobin, the cytochromes, perou-
dase and catalase  All of these play wital roles n the
transport and utihization of oxygen for enecrgy require-
ments (72)

Knowledge of certain features of 1ron metabolism 1s
necessary for estimation of the adequacy of dietary mtake
and for diagnosis of potential iron deficiency before overt
anemua occurs Many factors influence wron absorption
and once 1ron 1s absorbed, only small quantities are lost
from the body (72) Studies with radwactive wron md:
cate that absorption of won salts 13 dependent on bodily
need, normal adults absorb only small amounts whereas
persons with won deficiency anemia absorb much larger
quantihes Moore and Dubach (73) have shown that
normal subjects absorb about 10 per cent of iron from
foodstuffs During the growth period, absorption ap
pears to be related to requirement and ranges from 8 to
28 per cent  An increase m absorption occurs in the latter
months of pregnancy, presumably due to fetal need

It has been postulated that absorption 1s regulated by
an won contaiing protem fermtm 1 the intestinal mu
cosa According to this theory, won becomes attached
to the won free form of this protemn, apoferretin m the
mucosal cell to produce ferretn and 1s subsequently re-
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leased from ferretin at the blood stream end of the cell
Apoferretm 15 presumably formed m the mucosal cell m
response to a decrease i the 1ron stores of the body

Factors other than bodily need which may nfluence
absorption of dietary mon mclude 1) The chemical
nature of the 1ron m the food, 1e, compounds which can
be readily converted mto 1omzed form are more available,
as 15 ferrous as compared to fernc ron, 2) the acidity of
the gastnic juice (of relatively mmor importance) and
3) the quantity of phosphates and phytates m the diet
which can combme with won to form msoluble salts
Ascorbic acid enhances won absorption, while admims
tration of hydrochloric acid and antacds are without
sigmficant effect These factors must be considered m
evaluating the physiologically available won of the diet

Iron 15 transported 1n the serum 1n ferric form attached
to a specific beta-1 globulin, siderophulin, also called
transferrm  The normal level of serum iron ranges from
about 80 to 180 #g/100 ml while the maximum iron
binding capacity of serum varies from 300 to 360 pg/100
ml Thus the beta 1-globulin 1s normally about 33 per
cent saturated with won Measurement of these levels
are mnportant m the diagnosis of won deficiency as wall
be discussed subsequently

The total amount of 1ron m the body 1s about 4 to 5
gm of which approximately 72 per cent 1s found m hemo
globn, shghtly over 3 per cent in myoglobin, 02 per cent
n parenchymal won mcluding that present m cyto-
chromes, catalase and peroxidase and the remaming 23
per cent or more as storage won (72) Iron 1s stored m
two forms, ferritin and hemosidenin 1 the hver, spleen
and bone marrow The extent of the wron stores of the
body may be measured by estmating the amount of
hemosidenn 1 bone marrow
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Tron cxeretion 1s extremely small, only about 05 to 15
mg daly by all routes icluding urine, bile, sweat,
testnes, loss of hatr and desquamation of body cells In
view of the conser ation of 1ron by the body and ats con-
tinuous reutilization, the dietary requirement is much less
than the amount of 1ron needed duly m the formation of
hemoglobin (2627 mg) In the normal adult, require-
ment represents only replacement of the iron lost through
excretion  Moore and Dubach (73) hawve suggested that
the adult male must assimilate 05 to 1 mg of wron daily
to mamtain balance, the adult female 1 to 2 mg daly
Normal women lose an average of 1 mg per diy n the
menses which accounts for the higher requirement Dur-
ng pregnancy, an average of 27 mg of won per day 1s
supplied to the fetus, thus increasng maternal need by
this amount During growth, there 15 an additional re-
quirement for the building of new tissues and expansion
of blood volume The mcrement for growth amounts to
03 to 06 mg damly in the first 20 years of ife Since only
about 10 per cent of food won 1s absorbed, the dady
dietary requirement for won 1s determmed by multiply-
mng physiologic need by a factor of 10 Recommended
dietary allowances are of thus order (Table 3) In path-
ologic conditions which are associated with blood loss,
requirement is greatly increased Gastromtestinal dis-
turbances such as diarthea achlorhydna or intestinal dis-
ease may mterfere wath absorption and enhance dietary

need Consideraable wron may be lost by regular blood
donors

Iron Deﬁnemy

Cartwright and associates (17) have pomnted out that
won deficiency may occur m two forms latent and man:-
fest The chimician commonly thinks of microcytic hypo-
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chromic anemra as the outstanding feature of won de
ficiency but before anemia occurs, deficiency 1s relatively
far advanced Diagnosis of latent won deficiency 1s de
pendent upon laboratory procedures which demonstrate 2
depletion of bodily 1ron stores, a reduced level of plasma
won, or an increased total won binding capacity of the
plasma Presumably the first change m deficiency 1
dimmution of available won stores which may be estt
mated by the simple method of Rath and Fmch (17)
The amount of hemosiderm 1 unstaned bone marrow
smears 15 graded 0 to 6 plus, m ron deficiency no hemo
siderin or only a trace will be noted

The plasma 1on level 15 decreased m all patients with
manifest won deficiency and mn most patients with de
pleted tissue stores In iron-deficiency anemia a con
centration of less than 50 #g per 100 ml 1s usually ob
served Unfortunately, hypoferrerma 1s not specific for
won deficiency and 1s encountered m assoctation with
wfections, even with such mld ones as the common
cold Nevertheless, estimation of plasma wron 1s of value
1n assessing the adequacy of nutntion for if normal levels
are obtamed mamfest deficiency s ruled out and tron
stores have not been exhausted

Determmation of the mron binding capacity of plasma
will differentrate between hypoferrema due to won de
fictency and that associated with infection In the former
total iron binding capacity 15 mcreased to over 400 u#g/100
ml, 1n the Iatter 1t 15 decreased In iron defictency anemia,
m view of the hypoferremia and mcreased 1ron bmdmng
capacity, the saturation of the protemn which carmes iron
1s reduced from about 33 to less than 10 per cent

The anema of mamfest won deficiency 1s character-
1zed by smll cells which are poorly filled with hemo
globin The seventy of the anemia 1s usually proportion-
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ate to the extent of iron deficiency Deficiency cn be
suspected by exammnation of a properly prepared and
staned blood smear The presence of microcytes with
pronounced central pallor are almost specifie, only Thal-
assemna, a rare condition, need be ruled out  This can be
done readily by looking for target cells, stippling and
nucleated red cells, as well as by physical findings, nor-
mal plasma 1ron, reduced ron binding capacity and in-
creased hemosiderin 1n the bone marrow

The anemia of won deficiency can be charactenzed
more adequately by estimation of mean corpuscular
volume (M C V) and mean corpuscular hemoglobin con-
centration (M CH C ) both of wlich are reduced below
the normal values of 82-92 cubic mcrons and 32-34 per
cent respectively In order to obtan rehable figures for
MCV and MCHC, the volume of packed red cells,
hemoglobin concentration, and erythrocyte counts must
be determmed with great accuracy With proper tech
mques, accuracy of the determmation of volume of
packed red cells may be about 1 per cent, that of hemo-
globm concentration about =2 per cent and of erythro-
cyte counts =11 per cent In nutnition surveys, deter-
mnation of hemoglobin 1n conjunction with stamed blood
smears can suffice as indicators of wron deficiency anemua,
although estimation of the volume of packed erythrocytes
gives additional useful mformation

In wron deficiency anemia the clinical indings are those
common to all anemias of comparable seventy Pallor of
the skin and mucous membranes fatigabihity, weakness
giddmess and syncopal attacks are observed frequently
Heart fallure of the high output type may develop In
children there 1s retardation of growth 1In'some subjects
glossitis charactenized by papillary atrophy angular stom-
atitis and dysphagia may be noted In anemia of consider-
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able chromeity, the finger nails become flattened and
concave giving them a spoon shape to which the term
korlonychia has been apphed

Iron Excess

Jron 1n excessive amounts may be toic Large amounts
of 1on are stored after frequent transfusions or mtra
venous mjections of won In hemochromatos:s, which
probably represents an inborn metabolic abnormality, wor
15 absorbed 1 excessive amounts and masswve deposits
accumulate m the tissues especially in the liver, pancreas,
adrenals and other endocrne glands In this disease, €It
shosis of the hver, pancreatic fibrosis and adrenal msufi
ciency are observed Acute toxicity may result from acct
dental mgestion of medicmal 1ron and fatahties have been
reported (75) Characteristic symptoms are severe vomit
g often of blood, watery stools which Inter become tarry,
and profound shock The pulse 15 rapid weak or mmper
ceptible and the blood pressure 1s low Hypotoma hypo
reflewa, dilated pupils, and a semcomatose or comatose
state complete the climical prcture Death has oceurred m
from 4 to 40 hours

COPPER

The role of copper m human nutrition remains ob-
scure and the requirement 15 unknown Studies n animals
ndicate that copper 1s necessary for the synthesis of the
yron porphyrin g In copper deficiency, the tissue con
tent of cytochrome oudase has been found to be marhedly
decreased (76) It has been shown that 2 0 mg of copper
datly will mamtam balance 1 an adult The diet usually
furnishes 2 0 to 50 mg and since copper 1s so widely dis
tnbuted mn foods, 1t seems Iikely that an adult would suc
cumb to caloric madequacy before severe depletion of
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copper could develop (17) The plasma concentration of
copper 15 usually greater than 90 x#g/100 ml Although
hypocupremia has been found m the newborn and m
hepato lenticular degeneration, tissue stores of copper are
mereased m both conditions Hypocupremia and an -
creased excretion of copper have been found m the neph-
rotre syndrome but when an anemia was present, there
was no hematopoietic response to copper (17) To date,
no defimite evidence of copper deficiency m man has been
presented  Copper has not been shown to be of assistance
m the treatment of hypochromic microcytic anemia m
adults and only rarely 1s copper a miting factor m blood
formation m mfants
COBALT

A deficiency of cobalt, per se, has never been recognized
1n the human subject Positive balance may be mamtamned
with an mtake of 5 ug daily Cobalt 1s essential for the
activity of certain enzymes and 15 an ntegral part of the
vitamm Bi: molecule Evaluation of vitamun B,, nutn-
tion 1s discussed i another section (p 126)

IODINE
The physiologic importance of 10dne rests 1n 1ts essen-
tiality for the formation of the thyroid hormone which
mamtams control of energy metabolism through some un-
known pathway The human requrement for rodme 1s
about 1 #g per kilogram of body werght daily for basal
needs and an additional 2 #g/kg for the mantenance of
total metabolic activity The suggested daily allowance
for an adult 15 015 to 030 mg daly (0002 to 0004
mg/Lg body weight) (4a) This amount can be supphed

by the regular use of 10dized salt
Todme 1s absorbed from the small mntestmne at an ex-
ponential rate which vanes with the level of thyroid ac-



90 NUTRITIONAL DIAGNOSIS

able chromaty, the finger nails become flattened and
concave giving them a spoon shape to which the term
Lotlonychia has been applied

Iron Excess

Iron n excessive amounts may be toxic Large amounts
of on are stored after frequent transfusions or ntra
venous njections of wron In hemochromatosis, which
probably represents an mborn metabohic abnormality, ron
15 absorbed 1n excessive amounts and massive deposits
accumulate 1n the tissues espectally i the Liver, pancreas
adrenals and other endocrine glands In thus disease crr
rhosis of the hiver, pancreatic fibrosis and adrenal msuffi
ciency are observed Acute toucity may result from acer
dental mgestion of medicinal 1ron and fatalities have been
reported (75) Characteristic symptoms are severe yomit
g often of blood, watery stools which later become tarry,
and profound shock The pulse 1s rapid, weak or imper-
ceptible and the blood pressure 1s low Hypotoma hypo
reflexia, dilated pupils, and a semicomatose or comatose
state complete the climical preture  Death has occurred m
from 4 to 40 hours

COPPER

The role of copper 1n human nutnition remains ob-
scure and the requirement 15 unknown Studies 1n animals
mdicate that copper 1s necessary for the synthesis of the
won porphyrin ring  In copper deficiency the tissue con~
tent of cytochrome oxidase has been found to be markedly
decreased (76) It has been shown that 20 mg of copper
daily will mamtamn balance 1n an adult The diet usually
furmishes 20 to 50 mg and since copper 15 so widely dis-
tributed 1n foods, 1t seems Iikely that an adult would suc
cumb to calonic madequacy before severe depletion of
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thyrord hormone This indicates that 10dine 15 essential
for growth, 1t 15 also essential for normal fertiity and for
lactation

Diagnosis of endemic goiter 1s suggested by the pres-
ence of an enlarged thyroid gland in a person Iiving i an
area where 10dine ntake 15 low Other causes of hyper-
trophy of the thyro:d must be ruled out Thyroid enlarge-
ment 15 most commonly seen during puberty and in preg-
nancy when the need for 10dme 1s increased In gostro-
genous areas, the unnary excretion of 10dine 15 low, rang-
g from less than 10 to about 65 p#g daily, as compared
t0 72 to 343 ug daily 1 nongoitrogenous areas The pro-
temn bound 10dime level in blood 1s usually withm the
normal range mn persons with endemic goiter The uptale
of I'** by the thyroid gland of these mdwvrduals 1s hgher
than that of euthyroid persons in other areas of the world
Hence, this test 1s not useful m the diagnosis of hyper-

t(hyroxdxsm m regions where endemic goiter 1s prevalent
78)
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tvity (77) Todme s taken up by the thyroid gland which
converts 1t to di1odotyrosme and thyroune In normal
persons, the iodme uptake 15 proportional to blood con
centration Measurement of the uptake of radicactne
10dme 15 a useful procedure m the diagnosts of thyrod
disease, uptake 15 mereased m hyperthyroidism and de
creased m hypothyrordism altho numerous factors can m
fluence findings

The 10dme m blood 15 1 two forms, morganic and pro-
temn-bound 1odine, the later presumably representing the
cireulating thyroid hormone The total 10dine of whole
blood ranges from 3 to 30 #g/100 ml, usually 8 12 #g,
while protem bound 10dine vanes from 3 to 8 u#g, mean
56 ug The level of protem bound jodme 1s decreased m
hypothyroidism and mereased m hyperthyroidism and
during pregnancy Urmary excretion of 1odine 15 depen
dent upon dietary ntake the activity of the thyroid gland
and probably other factors

Iodine Defictency

lodme deficiency leads to the development of endemic
goiter In areas of the world where the 10dine content of
the water, soll and foods grown theremn are low, the
meidence of endemic goiter 1s high  Goster can be pro
duced by factors other than 1odine deficiency Goitrogenic
agents have been found mn foods, especially 1n those of the
cabbage family and a number of synthetic chemical com
pounds have goitrogemc activity In endemic gouter, the
thyrord gland may contamn less than 1 mg of rodine
whereas the normal thyreid contams 8 to 10 mg

In areas where endemic goter 15 prevalent, congenutal
hypothyroidism or cretmism 15 observed In cretsm
growth may be strmulated and normal mental and phys-
1cal development attained by continuous admunistration of
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mins 1n a single preseription exeept in situations of gross
dietary madequacy or mn pathologic states requinng pro
longed parental feeding On the other hand, 1t 1s often
essential to furmsh, at the same time, each of the vitamms
which function i vanous stages of a gwven metabolic
process In view of the above, diagnosis of vitamm mal-
nutrition must be considered from the standpomnt of ndi-
vidual chemical compounds and not the group as 2 whole
Thus 15 true 1n spite of the fact that certain of the vitamins,
the “B group n particular, are found closely associated
m nature and that multiple deficiency 1s more often en-
countered than deficiency of a single factor Appreciation
of the complexity of deficiency and of the mnterrelation
ships among nutnents 15 necessary if correct diagnosis 1s
to be achieved
Vitamuns, or their derivatives, have been shown to func-
tion m metabolism 1n combmation with protems mn the
promotion of catalysis of certan body processes Most
commonly, vitamin denwvatives are coenzymes while pro-
tems form the corresponding apo enzymes It seems
logical to assume that altered biochemical reactions pre-
cede chinieal signs of vitamin deficiency If this 15 the
case tests of specific metabolic function should permit
diagnosis before overt physical abnormahities make their
appearance As yet few tests of metabolic function are
available Appropriate expenmental matenals such as
specimens of tissue, are not easily obtamed In the hmited
studies which have been conducted, metabolic alterat:ons
have been found to be quantitative rather than quahtative
and smtable norms and vanabiity among individuals
around these norms have not been established In addi
tion as Snell has indicated, most of the enzymes exammed
thus far “have not shown readily measurably changes be-
fore other more readdly observable deficiency symptoms
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GENERAL OBSERVATIONS

IN MANY ways 1t 15 unfortunate that a number
of the chemcal substances which are dietary essentials
have been grouped together in a smgle category desig
nated vitamms  If the entire group of 15 or more vitamns
1s considered together, the only charactenstic that all
members have m common 15 essentiality m small amounts
m the diet due to the body s inabihty to manufacture them
from simpler compounds Even this statement 15 not en
tirely true Many ammals can synthesize ascorbic acid,
and all anumal species tested, mcluding man, manufac
ture macmn from the amino acid tryptophan In some m
stances, synthesis of a vitamin by bactenia m the mtes
tinal tract may furmsh a sufficient amount of a partrcular
vitamm e g, vitamm K, to largely eliminate the necessity
of 1ts mclusion m the diet

Modern nutntional science has advanced to such an
extent that each of the vitamms should be considered
separately 1 terms of 1ts chemical structure, requirement
and function n the body While there are close func-
tional mterrelationships between many of the yitamns,
others are not so related In addition there are as close
or closer interrelationstups between vitamns and min
erals, and between vitammns and amno acids as there are
among the vitamms themselves Pathologic conditions
which influence the requirement or utilization of one vita
min may not affect that of another There 1s httle scien
tufic justification for the therapeutic use of all of the vita-

94



VITAMIN NUTRITION o

cream), and as the pro-vitamin, carotene, which s pres-
ent m green and yellow yvegetables and in fruits  Caro-
tene 1s comerted to vitamin A ester presumably i the
intestinal wall The avaslability of carotene in food vanes
widely, a factor which must be considercd in estunating
the potential vitammn A value of the diet Since vitamun
A 15 fat soluble, absorption 15 facilitated by the simul-
taneous absorption of fat and deficiency may be en-
countered when absorption of fat 1s decreased The latter
occurs when bile 1s absent from the imntestinal tract,
nfectious hepatitis, and 1n steatorrheas, 1 e, sprue, celiac
disease, pancreatic fibrosis and idiopathuc steatorrhea.
Adminsstration of Iiqud petroleum with meals mterferes
with absorption of carotene and, to a lesser extent, of
vitamm A Vitamin A deficiency may be encountered m
diabetes mellitus and hypothyroidism 1n which diseases
conversion of carotene to vitamm A seems to be m-
pawed Simce the liver 15 the chuef site of storage of vita-
mn A, deficiency may be associated with chrome hver
disease, particularly advanced cirrhosis
The minimum daily requirement of vitamin A 15 201U

or 6 ug per kilogram of body weight, 1f supplied by the
preformed vitamir and three to five tunes as much if
furmshed by dietary carotene Quantities above mm-
mum are needed to provide for sigmficant storage and

m animals, for normal reproduction The recommended
allowance of the Food and Nutrition Board for vitarmn A
15 5000 U daly for an adult receiving a mixed diet
whuch supplies two-thirds of the vitamin as carotene (See
Table 3) In usmg the dietary record for evaluating
vitamin A nutntion 1t should be remembered that large
amounts of the vitamin may have been stored 1n the hiver

and that many months may be required for depletion of
these reserves (79)
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appear (17) Ths last statement may be explamed best
by presuming that the proper enzymes have not been
chosen for study It would not be anticipated that all
enzymes dependent on a given vitamin would decrease
m activity at the same rate as deficiency progresses
Enzymes requiring the highest concentration of coenzyme
for activation would be most rapidly affected and hypo
function of these enzymes presumably should lead to the
earhiest clinical signs of deficiency (17) When enzymes
unusually sensitive to vitammn deficiency are discovered,
1t may be possible to devise suitable Toad” tests which
will cause the enzymes to work at maximum capacity
Resulting metabolites can be measured and findings m
experimental and control subjects compared Such tests
would obviate the necessity for analysis of tissue samples
A few procedures of this type have been proposed rela
twve to vitammn Bs (p 119) and thiamme (p 107) It
mught be anticipated that no smgle test of specific meta
bolic function wll suffice n detecting deficiency or ade
quacy of a given vitamin under all conditions

Minimal dailly requirements of some of the vitamins
essential to man have been determned, little 1s known of
optimal needs Undoubtedly, numerous factors wnfluence
requirement For vitamin requiring bacterna, the optmal
mtake of a vitamm cannot be determmed apart from the
total makeup of the ration (17) It seems likely that ths
may apply to vitamin needs of ammals and man Vana
tion mm requirement may be expected with changing
physiologic conditions and m pathologic states

VITAMIN A
Vitamm A an unsaturated alcohol, 1s supplied m the
diet as the preformed vitamin which 1s found only 1n
anmmmal tissues (especially liver, egg yolk, butter and
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Xerosis of the shan with hyperkerttinization, also called
toad shin or phrynoderma, 1s probably another manifes-
tation of vitamin A defiiency  The relationship of local-
1zed areas of keratosis of the hair folhicles or of permanent
“goose flesh’ to vitamm A deficiency 1s less well docu-
mented Follicular hyperkeratosis 1s observed 1 condi-
trons unassociated with vitamin A deficiency and has not
been produced 1n expenimental defictency 1n man

In ammals, comfication of the vagmal smear 15 noted
m vitamm A deficiency and epithehal changes m the
urnary tract have been associated with formation of
calcull In human subjects, adminstration of vitarmn A
has been reported to mduce improvement mn senile vagi-
mtss but a role for vitamin A deficiency m formation of
renal caleul remams to be demonstrated In mfants de-
ficient 1n vitamim A, Leratinization of the respiratory ept-
thehum has resulted 1 blockage of small bronchioles,
bronchrectasis and atelectasts At one time these findings
were attributed erroneously to mnfection which led to the
mistahen 1dea that vitamm A was an  anti infective
vitamin

Estimation of the level of carotene and vitammm A
blood serum are of assistance 1n the diagnosis of defict-
ency The concentration of carotene reflects recent diet-
ary mtake m most nstances and ranges from about 75
to 200 g per 100 m] 1n well nounshed subjects Hyper-
carotenerma 15 assoctated with consumption of large
amounts of carotene or with diseases mn which conversion
of vitamin A to carotene 1s ympaired, such as diabetes
mellitus and hypothyroidism The concentration of vita-
mn A m the plasma ranges from 30 to 50 zg per 100 ml
1 well nounshed children and adults (17} In vitamm A
deficiency the concentration 15 usually below 15-20 pg
per 100 ml and, at times, no vitamin A may be detected
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The two mmportant metabolic functions of vitamm A
m man are the mamtenance of normal epithelium and the
formation of the retmnal pigment, thodopsm, of which
vitammn A 15 an integral part (80) Rhodopsm 1s neces
sary for vision m dim hght When the dark adapted
retma 15 exposed to hght, rthodopsin 1s changed to rett
nme, which 15 vitammm A aldehyde, plus a proten  Vita
min A 15 needed for regeneration of rhodopsin smce 2
certain amount 1s lost m the process of breakdown

In certam ammal species, vitamuin A has been shown to
mfluence bone growth Also i ammals, deficiency of
this factor during pregnancy has resulted mn congemtal
malformations m the offspring

Vitanun A Deficrency

The pricipal signs of vitamm A deficiency mn human
subjects are mght bhndness and <erophthalmia (80)
Mild degrees of vitammn A deficiency may be determmed
by measurmg the rate of recovery of dark adaptation
followmg exposure to bright hight This procedure re-
quires special istrumentation and rngid techmques as
there are many sources of error Its usefulness 1s Iimted
largely to research studies

Xerophthalma which 15 encountered rarely m the
United States, 1s mantfested by decreased lacrimal secre
tion, keratimzation of the comeal and conjunctival ept
thelwum and Bitots spots which are tniangular conjunc-
tival thickenings due to accumulations of white, foam
hike epithehal cells lateral to the cornea Bitots spots
must be differentiated from pingueculae and pterygra
which are unrelated to vitamin A deficency When
vitammn A deficiency reaches an advanced stage mfection
of the eye may occur with destruction of the cornea

panophthalmitis, and blindness
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Aerosis of the skin with hyperkeratimization, also called
toad shin or phrynoderma, 1s probably another manifes-
tation of vitamin A defictiency  The relationship of local-
1zed areas of keratos:s of the hair follicles or of permanent
“goose flesh” to vitamin A deficiency 1s less well docu-
mented Follicular hyperkeratosis 1s observed mn cond:-
tions unassociated with vitamin A deficiency and has not
been produced m expenmental deficiency 1n man

In ammals, cornification of the vaginal smear 1s noted
m vitamun A deficiency and epithelal changes n the
unnary tract have been associated with formation of
calcult In human subjects, admmstration of vitamin A
has been reported to mnduce improvement mn semle vag:-
ntis but a role for vitamn A deficiency in formation of
renal calculi remams to be demonstrated In mfants de-
ficient 1 vitamm A, heratmization of the resprratory epi-
thelium has resulted m blockage of small bronchioles
bronchiectasis and atelectasis At one tume, these findings
were attnibuted erroneously to infection which led to the
mistaken idea that vitamm A was an  ant mfectne
vitammn

Estimation of the level of carotene and vitammn A m
blood serum are of assistance m the diagnosis of defici-
ency The concentration of carotene reflects recent diet-
ary mtake mn most mstances and ranges from about 75
0 200 #g per 100 ml m well nounished subjects Hyper-
carotenemia 1s associated with consumption of large
amounts of carotene or with diseases 1 which conversion
of vitamin A to carotene 1s mmpaired, such as diabetes
mellitus and hypothyroidism The concentration of vita-
mn A m the plasma ringes from 30 to 50 #g per 100 ml
m well nounshed children and adults (17) In vitamm A
deficiency the concentration 1s usually below 15-20 pg
per 100 m! and at times no vitamun A may be detected
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Unfortunately from a diagnostic standpomt, a decrease
n concentration of vitamin A m serum occurs 1n cond:
tions unassociated with depletion of vitamm A stores of
the body Such decreases are observed m a number of
febrile 1llnesses, the level returning to normal followmng
recovery without admmstration of vitamm A In the
absence of such illness, a low plasma level of vitamm A
15 presumptive evidence of depletion of reserve stores m
the hver

The absorption of vitammn A may be tested by means
of a tolerance test 1n which blood levels are determmed
at imntervals after oral admmstration of large doses of the
vitamm (p 59) Companson of absorption followmg ad
mimstration of oily and aqueous preparations of vitamm
A may also prove useful

Vitamin A 15 not found 1n the urine of normal subjects
but may be excreted in certam pathologic states, e g,
pneumoma, obstructive jaundice or chronic nephnitis In
the nephrotic syndrome, high concentration of serum
vitamn A has been noted follow mg admmstration of the
vitamn due perhaps to impaired metabohsm (81)

Hypervitamsnosts A

Smce vitamm A which has been absorbed 1s not ex
creted under normal conditions 1t follows that repeated
mgestion of large amounts may lead to excessive accu
mulation and toxicity A number of mstances of hyper
vitaminosts A have been reported most of them m chil
dren (82) Abnormal findings have included anorexia loss
of weight, wrmitability, low grade fever, prungmnous rash
sparseness of har changes i bone (hyperostoses and
penosteal elevations) hepatomegaly, splenomegaly and
hypoplastic anemia The concentration of vitamun A 1n
serum 15 high usually above 100 #g per 100 ml It has
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been postulated that the syndrome may be due to hepatic
dysfunction ‘The minmnl touc dose reported 15 about
75,000 1U daly for a period of six months (82)

VITAMIN B COMPLEX

The vitamin B complex comprises a number of factors
differing w1dely in chemical structure, most of which have
been found to be essential in human nutnition  Many of
these vitamuns are components of one or more coenzymes
which funetion importantly m mtermediate metabolism
Such roles have been demonstrated for thiamine, nbo-
flavin, niacin, pyndowne and pantothenic acid It seems
Likely that the “anti anemic” vitamuns, folic acid and vita
mmn B; will be found to act 1n a similar manner Choline,
often considered a member of the B complex, 1s un-
doubtedly important 1 human nutnition but 1s not an
essential dietary constituent as 1t may be formed m the
body from other compounds Presumably man requires
biotin, but Iittle 15 known about the function of this wita-
mm Inositol has not been shown to be essentral 1n human
nutrition

Deficiency of vitamins of the B complex 1s one of the
forms of malnutrition encountered frequently 1n medical
practice  Smce many of the B vitamuns have a common
distribution 1n foods, multiple deficiency 1s observed more
often than deficiency of a single compound Since some
of these vitammns are closely mterrelated m metabohe
processes, the chmcal signs of defictency may be similar
when the dietary supply of any one of several factors 15
madequate Hypervitammosis 1s not a problem with
members of the B group of vitamins because amounts m
excess of requirement are excreted n the urme

Numerous pathologic states may be precipitating or
contributary causes of vitammn B complex deficzency Dis-
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eases m which the metabolic rate 1s above normal, such
as hyperthyroidism, febrile states or leukemia, imcrease
the requirement of thiamme and probably also of nbo
flavin and macin although definttive data are not available
for the Jast two vitamins Smce these vitamms function
i the metabolism of carbohydrate regquwrement 15 m
creased when diets are high 1 starch and sugar or when
miravenous glucose 1s used as the sole source of alimen
tation It seems likely that need may be mcreased follow
mg severe trauma

The B vitamms may be poorly absorbed or lost from
the body mn diarrheal diseases, inflammatory lestons of
the mtestinal tract and n congestive heart falure or other
conditions associated with edema of the mtestmal mu
cosa There 1s evidence that vitamin B complex deficiency
per se may cause poor absorption from the mtestwal
tract Malabsorption 1s demonstrated by flat glucose and
fat tolerance tests and abnormalities m the roentgeno
graphic appe rance of the small intestne The changes
observed followmng barium admmistration consist of loss
of the normal ‘herrmgbone pattern, hypersegmentation
and disturbances m motidity

In diabetes mellitus and cirrhosss of the liver, sigas of
vitamm B complex deficiency are observed frequently
In both conditions vitammn utilization may be defective
and m the latter disease anorexia and an madequate 1
take of these factors are the usual findings

At times, admiistration of certam antibiotics may lead
to vitamin deficiency although under other circumstances
antibiotics may spare witamin requirement (83) The
possibihty that prolonged antibiotic therapy may mduce
defictency must be kept it mind Lesions suggestive of
deficiency must be differentiated from similar change due
to complicating fungus mfections which are not un-

common
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THIAMINE

Thinmme, or vitamin B, is a water soluble compound
contaiming the thiazole and pynmidine nngs It 1s readily
destroyed by heat and considerable loss may occur 1n the
preparation of food Although thiamine 1s widely dis-
tubuted m nature, nch sources are few, namely, pens,
beans, lean pork, peanuts, oatmeal, whole wheat and en-
nched flour and bread However, milk, vegetables and
fruit contnbute appreciable quantities to the diet

Thiamme requirement 1s related to calonie intake, the
mimmal need being approumately 025 to 030 mg per
1000 calories 'The recommended allowance of this vita-
mmn s 05 mg per 1000 calones (Table 3) Tlus large
factor of safety scems desirable since bodily stores of
thiamne are not Jarge and may be edhausted rapidly i
diseases associated with elevated metabolism and, per-
haps, mn other stress situations

Thiamme functions 1n the body as & coenzyme, cocar-
boxylase, which 15 thiamme pyrophosphate and possibly
also as a coenzyme mn combmation with lipoie acid, lipo-
thiumde Thiamine coenzymes are important m the de-
carboxylation of a keto acids such as pyruvic acrd  Sub
stances formed nclude acetic actd, acetyl phosphate and
acetyl coenzyme A, the last being of great importance as
1t feeds mnto the tnicarboxylic acid eycle to provide energy
In thiamme deficiency, pyruvate accumulates in the blood
and tissues and there 15 a change mn the lactate Pyruvate

rato These findings are useful 1 the diagnosis of de-
ficiency

Thiamme Deficsency

The outstanding clmical findings m advanced thiamine
deficiency are peripheral neuntis (dry benben) and
heart disease with edema (wet beniber1) The diagnosis
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eases 1 which the metabolic rate 1s above normal, such
as hyperthyroidism, febrile states or leukemia, mncrease
the requirement of thiamine and probably also of xtbo-
flavin and macm although defimtive data are not available
for the last two vitamms Smnce these vitamms function
m the metabolsm of carbohydrate, requrement 1s m
creased when diets are high 1n starch and sugar or when
mtravenous glucose 1s used as the sole source of alimen
tation It seems hikely that need may be mcreased follow
mg severe trauma

The B vitamins may be poorly absorbed or lost from
the body i diartheal diseases, mflammatory lesions of
the intestinal tract and i congestive heart failure or other
conditions assocrated with edema of the ntestmal mu
cosa There 1s evidence that vitamm B complex deficiency
per se may cause poor absorption from the mtestmal
tract Malabsorption 15 demonstrated by flat glucose and
fat tolerance tests and abnormalities mn the roentgeno
graphic appearance of the small intestme The changes
observed following barium administration consst of loss
of the normal ‘herrmgbone” pattern, hypersegmentation
and disturbances m motility

In diabetes mellitus and currhosis of the Liver, signs of
vitamm B complex deficiency are observed frequently
In both condrtions vitammn utilization may be defective
and m the latter disease anorexta and an mnadequate n
take of these factors are the usual findmgs

At times, adminstration of certain antibiotics may lead
to vitammn deficiency although under other circumstances
antibiotics may spare vitamm requirement (83) The
possibility that prolonged antibiotic therapy may mduce
deficiency must be kept m mind Lesions suggestive of
deficiency must be differentiated from smular change due
to complicating fungus mfections which are not un-

common
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jects with curhosis of the Iner, penpheral necuntis im-
proves followmg thiamine admmistration

In benben heart disease, palpitation, precordinl pain
and dyspnea on exertion may be noted and cyanosis 1s
common Bradycardin at rest with tachycardia on exer-
tion 15 seen early, subsequently, tachycardia may be per-
sistent  The pulse pressure 1s wide, with a decrease in the
duastolic pressure and occasionally a slight ncrease n
systolic pressure  There 1s enlargement of both the nght
and left sides of the heart, the former predommating
Systolic murmurs and, rarely, diastolic murmurs may be
heard over any of the valve areas Gallop rhythm and
embryocardia are common Precordial and epigastric
pulsations are observed frequently, the nech vems are
dilated and may pulsate The hver 1s enlarged and pulsa-
tions may be observed here as well Edema 15 often mas-
swe and there may be transudation mto serious cavities
Oliguna 15 a charactenstic finding

Roentgenographic exammation of the heart shows an
merease 1 the transverse diameter and, at times, enlarge-
ment of the pulmonary conus lectrocardiographic ab-
normalities mclude lowering of QRS complexes, flattening
of the T-waves, prolongation of the Q T mterval and
deviations of the S-T segment Occasionally, premature
contractions, axis deviation or abnormahties of the P
waves may be noted The cardiac failure 1s of the high
output type, circulation time bemng normal or decreased
Venous pressure 15 elevated In severe cardiac beniben,
acute peripheral arculatory collapse and sudden death
may occur

The dignosis of thiamme deficiency heart disease 1s
dependent on dietary lustory ehmiation of other etio-
logie factors, the presence of a high output type of car-
diac failure, coexistent penipheral neuntis and response to
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of thiamne deficiency 1s not easy, however, particularly
m early stages since many findings are nonspeaific and
common to other pathologic states In expermmentally m
duced deficrency, early findings include anorena fatiga
bulity, apathy, epigastric pam, nausea and vomiting and
psychic and emotional disturbances such as imtabilty,
moodness, vague fears and depression (84) Daum and
associates (84b) reported that the most sensitive physio
Iogic mdices of an madequate supply of thiamme were
decreases m maximum work output and m mechameal
efficiency

Early signs of polyneurttis are burnmg of the soles
of the feet and numbness and tnghng of the feet and
legs The first mdication of heart disease may be ab
normalities m the electrocardiogram As polyneurntis
becomes more severe, hyperesthesia and, later, an
alges:a develops beginnmg distally m the toes and
progressing upward Shootmg pams 1w the legs muscle
cramps, tenderness of the calves, weakness, a decrease
or absence of the Achilles and patellar refleves and
muscle atrophy may be observed A test for meunts
which 15 widely used mn the Orient 1s mability to mse
from the squattng posiion Complete flaceid paraly
sis with foot drop occurs m advanced deficiency
Changes i the upper extrermty are rarely observed
until imolvement of the lower estremity has become
severe Edema may be present even mn the absence
of heart failure, the explanation for which 1s unknown

The peripheral neunts of chrome alcoholism 15 often
due to thramme deficiency It 1s exphcable by the poor
dietary mtake of thiamme and not by the ingestion of
aleohol which actually requures less thrame for utdiza
tion than does glucose Neuntis in subjects with diabetes
15 only rarely due to thramme deficiency In some sub-
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jects with cirrhoss of the lwer, penpheral neuntis m-
proses following thiamine admimstration

In beriber: heart disease, palpitation, precordial pun
and dyspnea on exertion may be noted and cyanosis 1s
common Bradycardin at rest with tachycardia on exer-
tion 15 seen early, subsequently, tachyerdia may be per-
sistent  The pulse pressure 15 wide, with a decrease in the
diastolic pressure and occasionally a shght increase
systolic pressure There 15 enlargement of both the night
and left sides of the heart, the former predommating
Systolic murmurs and, rarely, diastolic murmurs may be
heard over any of the valve areas Gallop rhythm and
embryocardia are common Precordial and epigastnc
pulsations are observed frequently, the neck vems are
dilated and may pulsate The hiver 1s enlarged and pulsa-
tions may be observed here as well Edema 1s often mas-
swve and there may be transudation mto serious cavities
Oliguria 1s a charactenstic finding

Roentgenographic examination of the heart shows an
mcrease 1n the transverse diameter and, at times, enlarge-
ment of the pulmonary conus Electrocardiograpie ab-
normahties melude lowermg of QRS compleves flattening
of the T waves, prolongation of the Q T nterval and
deviations of the S-T segment Occasionally, premature
contractions axis deviation or abnormalties of the P
waves may be noted The cardiac failure 15 of the high
output type circulation time beng normal or decreased
Venous pressure 15 elevated In severe cardiac beriben
acute peripheral airculatory collapse and sudden death
may oceur

The diagnosis of thiamme deficiency heart disease 15
dependent on dietary history ehmmation of other etio
logic factors the presence of a lugh output type of car-
diac failure coewnstent penipheral neuntis and response to
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therapy with thiamme Digitahs 15 of httle value m the
treatment of beriben: heart disease On the other hand,
admuustration of thiamme 1s followed by dwuresis and
gradual reversal of pathologic changes, the heart size and
electrocardiographic findings returning to normal

Infantile beriber: occurs 1n breast fed mfants of mothers
who have thiamme deficiency It has been observed
rarely mn the United States and has been studied largely
m Japan and other Far Eastern countries (85) The eark
est and most important symptoms are anorexia and vomit
mg  Urme becomes scant the pulse and respiration labile
and rapid Cramal nerve involvement 1s common par
ticularly hoarseness due to vocal cord paralysis and ptosis
of the eyelhd The child may whine in a plamtve man
ner and the ‘berbent ery 1s said to be characteristic
Diagnosis 1s made when acute symptoms supervene such
as paroxysms of pamn associated with ngdity of the body
but not true convulsions Cyanoss, engorgement of the
neck vems and a small rapid pulse are frequent findings
Death often occurs withm twelve to twenty four hours
A less common chronic form of the disease has been de
scribed which 1s charactenzed by obstinate constipation,
vommting unrelated to meals, restlessness at mght, enlarge
ment of the heart, pallor and weakness

Several laboratory tests have been developed which are
useful i the diagnoss of thiamme deficiency (17) The
unnary excretion of thiamme 15 Imearly related to the
mtake except at low levels although there 1s marked
mdividual vanation Measurement of thiamine excretion
1n 24 hours 15 useful 1n reflecting dietary supply In order
to evaluate the extent of depletion of tissue stores a test
dose of thlamme may be given orally or mtramuscularly
and the excretion m the urine measured for a penod of
time thereafter Well nounshed subjects who are given
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10 mg of thiamne intramuscularly excrete 100 200 #g
in the subsequent four hours  An excretion of less than
50 ug with thus test 15 usually considered evidence of
deficiency

In nutntion surveys, determmation of excretion of
thiamme m random specimens of urine n relition to ex-
cretion of creatimne may be used for an approumate
estimate of the adequacy of thiamine nutnition

Estimation of the concentration of thiimine 1n blood
does not appear to be of much value 1n apprusing nutri-
tional status of individuals although 1t may reflect, to an
extent, the mtake of populition groups (86) The con
centration of pyruvic acrd m blood nses as thramme
deficiency becomes evident but cannot be used as a nutri-
tional index since other factors, such as activity and m
gestion of glucose, influence blood levels of pyruvic acid
The ratio of lactic ac1d to pyruvic acid 1n blood was found
by Stotz and Bessey (87) to be useful i determining
thiamne adequacy Horwitt (88) has proposed deter-
mmation of a “carbohydrate mndex” for detecting early
thiamme deficiency 1In this test glucose, lactic acid and
pyruvic acid are measured 1n blood one hour after giving
18 gm of glucose per kilogram body weight and § min
utes after a standard exercise test The index 1s deter-
muined from the formula

G G
CI=(L_1_0) + (IDP_E)W’}IEICCIB
3

cardiac mndex, L lactic aaad P pyruvic acid and G glucose
An index of more than 15 suggests thiamne deficiency

Thiamme defictency appears to be related to several
syndromes other than penipheral neuntis and heart dis-
ease A type of optic or retrobulbar neuntis assocrated
with paralysis of extra ocular muscles, occurred 1n con-
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centration camps mm World War II and appeared to be
due, at least i part, to thlamme deficiency Wermches
encephalopathy, characterized by ophthalmoplega, nys
tagmus, ataxia and mental disturbances 1s a syndrome
due to defictency of thiamme (89) Thiamune, and other
vitamns of the B complex, have proved valuable n the
treatment of delirlum tremens and other acute alcoholic
psychoses The susceptibility of the nervous system to
thiamne deficiency may be explamed by its dependence
on glucose metabolism

Intolerance to Jarge doses of thiamine has been reported
and 15 presumably due to simple chemical tovicity, prn
cipally through the formation of excessive amounts of
acetylcholine and histamme (90)

RIBOFLAVIN
Riboflavin 15 a water soluble, yellow pigment with
green flourescence which 1s widely distributed m foods of
both plant and ammal origm While relatively stable to
heat 1t 15 destroyed on exposure to light, hence consider
able loss can occur 1n some foods such as milk  The mn1
mal daily requnrement appears to be about 06 07 mg m
the adult, 0405 mg n the mfant The recommended
mtake 1s considerably higher than this 14 to 16 mg for
the adult (Table 3), m order to supply adequate tissue
reserves Flavoprotemns function 1n a number of mportant
enzyme systems in fissue respiration
There 15 a close relationship between the retention of
nboflavin and the retention of protemn It seems hikely,
therefore that abnormalities of riboflavin metabolism may
be associated with severe mjurtes burns hemorrhage and
mnfection Riboflavin deficiency often occurs mn associa-
tion with lack of macin and signs of an madequate supply
of nboflavin have been confused with those of pellagra
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Manifestations of mboflavin deficiency have been ob-
served 1n prolonged febnle 1ll , such as rheumatic
fever, tuberculosis and sub-acute bactenal endocarditss,
m malignancy, hyperthyrordism, cardiac fulure, diabetes
melhtus and discases of the gastromtestinal tract De-
ficiency occurs with greater frequency i older than m
younger age groups

Riboflavsn Deficsency

Symptoms of nboflavin deficiency are photophobia,
bumning of the eyes, lacnmation, soreness of the Lips and
tongue and cracks at the comers of the mouth Char-
actertistic physical findings are cheilosss, angular stoma-
titus, glossitis, a seborrheic type of dermatitis and super-
fieral vascularization of the cornea (91) The lips may be
swollen, red at the line of closure and denuded, macera-
tion, crusts and fissures are present at the angles of the
mouth  Common sites of seborrheic dermatitis are the
nasolabral and nasomalar folds, the outer cantln of the
eyes and the ears Scrotal dermatitis was a frequent find-
mg n expenimentally mnduced nboflavin defeiency (92)
The tongue may be magenta m color with papillary
atrophy or hypertrophy, and fissures may be present
None of these lesions 1s pathognomonic of nboflavin de-
ficiency although all of them have been mduced 1 human
subjects recerving diets inadequate m nboflavin  Cheilo-
sis and angular stomatihs have been observed m expen
mental macin deficiency and following the admmstration
of desoxypyndoxme (93) Lesions of the Iips may be the
result of exposure to weather while angular fissures occur
1n assocation with malocclusion and poorly fittng den-
tures Vasculanization of the cornea may be due to trauma
or mfection and seborrheic dermatitis may be related to
Iack of vitamin Bs or be unassociated with malnutntion
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Glossitis 15 common 1n deficiency of many of the B com
plex vitamins

In anmmals, the ability of the liver to mactivate estradiol
1s reduced mn nboflavin deficiency It has been suggested
that a similar change may occur m man In amimals, also,
nboflavin defictency during pregnancy has resulted m
abortion and m abnormalities of the embryo The rela
tronship of riboflavin deficiency to congemtal defects i
man remams unknown

Diagnosis of nboflavin deficiency 1s dependent on a
history of low dietary mntake, the presence of several of
the lesions mentioned above and, at times, association
with some disease which mnfluences riboflavin metabo
hsm Laboratory studies may be of assistance m diag
nosis The concentrations of free mboflavin and flavin
mononucleotide 1n plasma have been found to decrease
1 many, but not n all, subjects when the intake of ribo
flavin 15 restricted, while plasma flavin dinucleotide and
total white blood cell nboflavin show httle change (94)
The concentration of riboflavin i red blood cells decreases
significantly durmng penods of restricted imntake Bessey
(94) has suggested that red blood cell contrations below
14 #g/100 ml can be wmterpreted as meanmng a level of
mtake that if continued, will lead to chnical mamfesta
tions of deficiency  Concentrations above 20 ug/100
m] indicate an adequate mbofllavin mtake While an-
alysis of riboflavin 1n plasma 1s useful 1n determmng nu-
intional status, 1t may be that determmation of nboflavin
1 erythrocytes will prove to be a better measure of tissue
stores The latter test requires further study

Measurement of the unmnary excretion of nboflavin 1s
of limited value m assessment of nutnitional status (17)
An excretion of more than 200 g of nboflavin m 24 hours
15 seldom associated wath sigmificant tissue depletion, and
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an excretion of more than 150 u#g per gram of creatmmne
1n a random specimen of urmne 1s usually mdicative of
tissue saturation (17) However, excretions of this order
of magmtude do not necessanily mdicate normaley  The
output of nboflavin 15 1ncreased in acute but not mn
chromie stanation, in diabetes mellitus, in conditions mn
which mtrogen balance 1s negative and after the admun-
stration of certam antibiotics  Physical activity also -
fluences excretton

In subjects recen ing constant diets, cxcretion following
small test doses (less than 2 mg ) has been found to
reflect dietary mtake Estumation of excretion for four
bours following parenteral admunistration of 10 mg of
nboflavin 15 a procedure which scems to ment further
study m the evaluation of riboflavin nutntion

A controlled therapeutic test 1s valuable 1n corroborat-
g the diagnosis of riboflavin deficiency, lesions due to
an madequate supply of nboflavin heal rapidly when the
vitamm 15 admmnstered

NIACIN

Nizen deficiency m 1ts classical form, pellagra, 15 en-
countered chiefly n population groups mn which comn
furnishes the staple cereal of the diet The association of
pellagra with diets lugh 1n corn has been explamed to a
large extent by recent research It has been shown that
the ammo acid tryptophan 15 converted by the body
through a senes of chemical reactions to the vitamm
macm (95) One of the protems of corn zem, 1s known
to be low 1n tryphtophan The low tryptophan and niacin
content of corn diets accounts in large part for thew
pellagrageme effect The possibility that corn contams
some inhibitory factor which mfluences miacm require-
ment has not been ruled out completely but if such a
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Glossitis 15 common m defictency of many of the B com
plex vitamins

In anmmals, the ability of the liver to mactivate estradsol
1s reduced m riboflavin deficiency It has been suggested
that a simlar change may occur 1n man In anmals, also,
nboflavin deficiency durimg pregnancy has resulted m
abortion and m abnormahties of the embryo The rela
tionship of nboflavin deficiency to congemital defects 1n
man remams unknown

Diagnosis of nboflavin deficiency 1s dependent on 2
history of low dietary mtake, the presence of several of
the lesions mentioned above and, at times, assoctation
with some disease which mfluences nboflavin metabo-
Lsm Laboratory studies may be of assistance m dag
nosis The concentrations of free nboflavin and flavin
mononucleot:de m plasma have been found to decrease
m many but not m all subjeets when the mtake of nbo
flavin 15 restricted, while plasma flavin dinucleotide and
total white blood cell nboflaymn show httle change (94)
The concentration of riboflavin 1n red blood cells decreases
significantly durng periods of restricted mntake Bessey
(94) has suggested that red blood cell contrations below
14 pg/100 ml can be mterpreted as meanmng a level of
intake that, 1if continued wall lead to clmical manifesta-
tions of defictlency  Concentrations above 20 pg/100
ml mdicate an adequate nbofllavin intake While an-
alysis of nboflavin mn plasma 1s useful m determmng nu-
tritional status 1t may be that determmation of riboflavin
n erythrocytes will prove to be a better measure of tissue
stores The latter test requires further study

Measurement of the urmary excretion of riboflavin 1s
of lmited value m assessment of nutritonal status (17)
An excretion of more than 200 #g of nboflavin in 24 hours
1s seldom associated with sigmficant tissue depletion and
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nucleotide, and coenzyme II, tnphosphopyndine nucleo-
tde These enzymes, which are found in all cells, are
concerned 1n glycolysis and tissue respiration

Nuacsn Defictency

Early signs of macin deficiency are lassitude, anorexia,
mld digestive disturbances, especially “heartburn,” glos-
sitis diarrhea, and psychic and emotional changes such
as anuiety, untability and depression  The tongue 1s sore,
red, often swollen and there 1s hypertrophy or atrophy of
the papillae Cheilosis, angular stomatitis and seborrheic
dermatitis of the nasolabial folds have been observed
expenmental macin deficiency, although the diet con-
tamed an adequate amount of nboflavin (37, 98) The
occurrence of similar Jesions 1n niacin and nboflavin de-
ficrency attests the close metabolic relationship of these
vitamins

In severe or prolonged deficiency, charactenstic der-
matibis extensive inflammation of mucous membranes and
marked mental disturbances are observed The dermatitis
mvolves the skin surfaces exposed to sun light or sub-
Jected to trauma or umtatton In classical pellagra, the
dermatitis 1 the early stages resembles sunburn, subse-
quently, bleb formation, secondary infection and mg-
mentation occur At times, the skin 1s so extensively 1n
volved that bullae breal and exfoliate leaving large de-
nuded areas similar to those of a severe burn  The lesions
are bilateral symmetrical and clearly demarcated from
the normal skin  Areas most often mvolved are the backs
of the hands and forearms, anterior surfaces of the feet
and lower legs and the neck (Casal s necklace) The face
m1y be mvolved and also the aulla grom, permeum
gemtalia, elbows knees and the area under the breasts
In mild, chronic pellagra, only thickening hyperkeratn-
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factor 15 present, 1t 15 of little practical importance (96)
There 15 evidence that some of the macin m com 15 pres
ent in bound form which may be unavailable for absorp
tion

Since tryptophan 1s a precursor of macm, 1t 15 neces
sary to estimate the tryptophan as well as the niacm con
tent of diets in determiming the adequacy of macin
take The ratio of conversion of tryptophan to nmcmn
compounds 15 m the neighborhood of 60 to 1 that 1,
about 10 mg of macm 15 formed from 60 mg of dietary
tryptophan (97) Pellagra preventive foods melude Liver,
lean meat peanuts potatoes, legumes mulk and eggs, the
last two foods furmish httle macm but are excellent
sources of trpytophan Since macm 15 stable to heat, loss
m food preparation 15 mmimal

The mmmum macin requirement of the adult 15 about
90 to 120 mg daily mcludng that formed from trypto
phan assuming a converston ratio of 60 to 1 (42) The
requirement of the mfant 1s about 5 mg duly Require
ment appears to be related to body size and to caloric
mtake (96 97) Approxmmately 44 mg of macin 1s needed
for every 2000 calories furmshed by the diet, but with Jow
caloric mtakes not less than 9 mg ‘should be supphed In
terms of body weight about 015 mg total macm per
klogram will prevent pellagra

Infants have been mamtamed satisfactonly for several
months on punfied diets high m tryptophan and free of
macm  Whether the bodys macmn requirement can be
met solely by tryptophan remams unknown Recom-
mended allowances of macin (Table 3) are about fifty per
cent greater than mimmum needs calculated on the basis
of body weight or caloric intake

Niacin functions m the body as a component of two 1m-
portant coenzymes Coenzyme I, diphosphopyndine
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nucleotide, and coenzyme 11, triphosphopynidine nucleo-
tide These enzymes, which are found m all cells, are
concerned 1 glycolysis and tissue respiration

Nracin Defictency

Early signs of macin deficiency are lassitude, anorexia,
mild digestve disturbances, especially “heartburn,” glos-
sitis charrhea, and psychic and emotional changes such
as anuiety, intability and depression  The tongue 1s sore,
red, often sw ollen and there 1s hypertrophy or atrophy of
the papllae  Cheilosss, angular stomatihis and seborrheic
dermatitss of the nasolabial folds have been observed mn
expermental macin deficiency, although the diet con-
tamed an adequate amount of nboflavin (37, 96) The
occurrence of sumilar lesions m macm and nboflavin de-
ficiency attests the close metabolic relationship of these
wvitamins

In severe or prolonged deficiency, charactenstic der-
matihs extensive mflammation of mucous membranes and
marked mental disturbances are observed The dermatitis
mvolves the skin surfaces exposed to sun light or sub-
jected to trauma or wmtation In classical pellagra, the
dermatitis 1n the early stages resembles sunburmn, subse-
quently, bleb formation secondary mfection and pig-
mentation occur At times the skin 1s so extensively n-
volved that bullae break and exfoliate Jeaving large de-
nuded areas simslar to those of a severe burn  The lesions
are bilateral symmetrical and clearly demarcated from
the normal skan  Areas most often mvolved are the backs
of the hands and forearms antenor surfaces of the feet
and lower legs and the neck (Casals necklace) The face
may be mvolved and also the axlla, gromn permeum
gentalia, elbows knees and the area under the breasts
In mild chrome pellagra, only thickenmng, hyperheratin-



12 NUTRITIONAL DIAGNOSIS

factor 15 present, 1t 1s of httle practical importance (96)
There 15 evidence that some of the macin 1 com 1 pres
ent mn bound form which may be unavailable for absorp
tion

Since tryptophan 1s a precursor of macm, 1t 15 neces
sary to estimate the tryptophan as well as the nacin con
tent of diets in determining the adequacy of macmn m
take The ratio of conversion of tryptophan to macin
compounds 15 m the neighborhood of 60 to 1, that 1,
about 10 mg of niacin 15 formed from 60 mg of dietary
tryptophan (97) Pellagra preventive foods include hver,
lean meat peanuts potatoes legumes, milk and eggs, the
last two foods furmish little macm but are excellent
sources of trpytophan Since macin 15 stable to heat, loss
m food preparation 15 mmmal

The mmmum macin requirement of the adult 15 about
90 to 120 mg dally ncludmg that formed from trypto
phan assuming a conversion ratio of 60 to 1 (4a) The
requirement of the mfant 1s about 5 mg duly Requre
ment appears to be related to body size and to calon¢
mtake (96 97) Approximately 4 4 mg of macim 1s needed
for every 2000 calories furmshed by the dret, but with Jow
caloric intakes not less than 9 mg ‘should be supphed In
terms of body weight about 015 mg total macin per
kilogram wall prevent pellagra

Infants have been mamtained satisfactorily for several
months on purified diets high i tryptophan and free of
niacrn - Whether the bodys macm requirement can be
met solely by tryptophan remamns unknown Recom
mended allowances of niacm (Table 3) are about fifty per
cent greater than mmmum needs calculated on the basts
of body weight or caloric mtake

Niacmn functions in the body as a component of two mm
portant coenzymes Coenzyme I, diphosphopyridine
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macm deficiency appear shortly after this low level is
reached

Estimation of unnary excretion of N*Me and pyndone
for 24 hours on a standard diet which furmishes about 100
mg of macin and 1000 mg of tryptophan gives consider-
able information relative to miacin nutntion Patients
with pellagra excrete less than 30 mg wath this regimen
and well nounshed subjects 70 to 370 mg (99) This
test would seem to ment further study The number of
days required for maximum unnary everetion to be at-
tamed by subjects recening the above standard diet,
supplemented with 100 mg of nmiacmamide, has been
suggested as a method of estmating the extent of de-
pletion of tissue stores (100)

A number of test dose procedures have been suggested
for evaluating macin nutntion (17) One that has been
used widely 1s estimation of urmary excretion of N*Me
during a penod of four to five hours after administenng
500 mg of macinamide Such tests have not been satis-
factory when applied to individuals but have grven some
mformation 1 nutnition surveys A smaller test dose 100
mg, and at least a 12-hour penod of unmne collection
would be more mformatine Measurement of excretion
of N'Me and pyndone m random urme specimens 1n
relation to creatinme output 1s bemng explored as a test
for evaluating nutntional status of population groups

Measurement of total nicotime acid or of coenzymes mn
blood has not proved useful m detecting macin deficr-
ency Normal concentrations hayve been found 1n patients
with pellagra

Niacim deficiency occurs as a complication of a number
of pathologic states in which food intake 1s restricted or
m which there 1s interference with absorption or utiliza-
tion of nutnents Subjects with chronie alecoholism cr-
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1zation, pigmentation and scaling of the skin may be evt
dent, particularly over pomts of pressure

Severe inflammation of the entire gastromtestmal tract
1s found m advanced macm deficiency glossitis, stoma
titis, esophagitis with dysphagra, gastritis, diarrhea, usu
ally watery but occasionally containmg blood, and proc
tiis  Involvement of other mucous membranes 1s evi
denced by vagmitis and urethnitis  The psychiatric man:
festations of severe pellagra include confusion, delusions,
hallucmations, disorzentation and stupor

Deficiency of nboflavin, thiamme and other B com
plex vitamms may complicate the clinical picture of en
demic pellagra Achlorhydna frequently accompanies
miacin deficiency and an anemia, erther macrocytic or
hypochromtc, may be observed The macrocytic anema
responds to folic acid rather than to macm, while the
hypochromic anema usually represents defictency of won

A neurologic syndrome consisting of progressive stupor,
grasping and suchmg reflexes, and cogwheel rigidity of
the extremities has been ascribed to acute macmn defict
ency This syndrome has been noted m association with
febrile 1llness and prolonged parenteral feedmg with glu
cose and has been reported to respornd to niacm (98)

The diagnosis of mild macm deficiency 15 not easy m
the absence of charactenistic dermatitis The presence of
glossitis diarrhea and muld mental changes 1n a subject
whose diet has been low m niacin and good protemn 1s
highly suggestive Laboratory findings may assist m cor-
roborating the diagnosis Niacin 1s excreted mn the urme
largely as N*- Methylmcotinamide (N*Me) and the 6-
pyndone of N'Me (pyndone) In subjects mamtaned on
diets Jow 1 macin and tryptophan, excretion of pvndone
falls rapidly to less than 1 mg and excretton of N'Me
decreases gradually to 0508 daly (37, 96) Signs of
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observed 1n mfants who recened a propnetary liquid
milk formula (103) Dindings included srtability, exsy
startling, abdommnal distention, muscular twitchings ind
convulsive seizures The electraencephalogram was ab-
normal m several mstances Recovery followed n change
of formula or administration of a large amount of pyri-
doune Investigation indicated that the stenlization
process had destroyed some of the vitammn Bs mn this milk
preparation There had also been some change mn the
fatty acid composition of the mixture  As a result of this
unfortunate episode some knowledge of vitamin Bs re-
quirement was obtamed Symptoms developed m infants
who received 60 micragrams of vitamwns Ba per iter of
milk while none occurred in mfants fed 100 ug of vita-
man Bs per hiter

Several attempts have been made to induce vitamin B,
deficiency 1n adults (101) In one expeniment, 1 which
two subjects were maintained on 4 vitamin B. deficient
diet for three weeks, excretion of xanthurenic acid after
mgestion of tryptophan was mcreased (104) Xanthu-
remic acid 1s an abnormal product of tryptophan metab-
olism which appears in the urme m vitamm B, deficiency
In another experiment one subject was maintained on a
vitamin B, deficient diet for 54 days without developing
any mamfestations of deficiency disease Vilter and asso-
crates (105) studied the problem of vitamin Be deficiency
by admmistermg a pyrnidoxine antagomst desoxypy-
ndoxme to adults some of whom also recenved a diet low
m B complex vitamms Many of the patients became
imitable depressed and sometimes somnolent Seborrheie
dermatitis developed about the eyes m the nasolabial
folds and 1n the eyebrows and spread to mvolve the face
forehead chin up mto the hair and down the neck
Occasionally hyperpigmented scaling  pellagrous hike
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rhos:s of the hver, prolonged febrile 1llness, diarrheal dis-
eases, diabetes mellitus and neoplasia often develop signs
of miacin madequacy Prolonged parenteral feedng with
out macimn supplementation has led to acute pellagra

VITAMIN B,

Although vitamm B, has been shown only recently to
be essential n human nutrihon, much mformation has
accumulated as to 1its important role 1 metabolic proc
esses Vitarmn B, comprises a group of three closely re
lated compounds, pyndoxme, pyridoxal and pynidoxa
mine Pyndoxal phosphate functions as a coenzyme m 2
number of reactions mvolvmg amino acids, namely, de
carboxylation, transamnation and desulfuration (101)
Through these reactions, matenals are provided for the
Krebs cycle, which 1s one of the important energy sources
of the body new amino acids are formed nd sulfhydryl
groups are transferred from one compound to another
Vitamimn B, has a role m tryptophan metabolism m the
conversion of tryptophan to mcin derivatives and fune
tions m the mterconversion of essential fatty acids The
evact requirement of vitamin B, has not been determmed
but available evidence suggests that 10 to 20 mg datly
should be sufficient for an adult, an amount easily pro
vided by the average diet i the United States

Vitamin B. Defictency

Vitamm B. deficiency was mduced expermmentally m
two infants both of whom ceased gamning weight while
one developed convulsions and the other hypochromic
anemma (102) Pyndovc acid, the man excretory product
of pyndoxine metabolism, disappeared from the urme
and the ability to convert tryptophan to niacin was Tost
A syndrome apparently due to vitamim Bs deficiency was
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pyndoxine admmstration In some instances, xanthur-
enic acid excretion after tryptophan admimistration was
abromally hugh prior to treatment and decreased follow -
ing pyndoune admmistration  Pynidoxine has been used
m the treatment of cheilosis, the lesions heaking 1n some
subjects In seborrhere dermatitis of the secea type, ap-
plication of an owmntment containing pyndoune, but not
oral admimstration of the vitamn, resulted 1 mmprove-
ment 1 lesions 1 one senes of subjeets but not in another
(101)

Although duetary deficiency of pynidoune 1s an unlikely
possibility, 1t seems logical to anticipate that deficiency
may geeur 10 numerous situations 1n which metabolism 1s
deranged The appearance of some of the chinical mani-
festations enumerated above should stimulate diagnostic
studies to evaluate pyndoune nutrition  Two laboratory
procedures are available which measure metabolic func-
tions of pyndoune Administration of a large dose 100
gn of dl tryptophan stresses the enzyme systems respon-
sible for 1ts degradation Normal subjects will excrete
Iess than 50 0 mg of xanthurenic acid 1n the urme 1 the
24 hours after this test dose while subjects with defici-
ency will excrete larger amounts The second procedure
1s determmation of the concentration of blood urea nitro-
gen after admmistration of 30 0 gm of alanme The con-
centration should return to normal within twehve hours
1f pyndoune 1s available m adequate amounts

PANTOTHENIC ACID
Demonstration that pantothenic acid 1s essential 1n am-
mal nutrtion and elucidation of its vital role in met-
abolic processes makes 1t practically certan that thus
vitamm 1s esseptial i man Pantothemic acid 1s a con-
stitutent of coenzyme A which occupies a central position
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dermatibs developed on the arms and legs Chetlosis,
glossitis, angular stomatitis, perpheral neurttis and con
junctivitis were noted m some subjects ‘These lesions,
many of which resemble those of niboflavim, thiamme or
macmn defiiency healed only after pyndoune was ad
mimstered Lymphopema occurred regularly in these sub-
jects The excretion of xanthurenic acid m the urme after
administration of a test dose of tryptophan was marhedly
mcreased but the conversion of tryptophan to macm was
ummpawed Abnormally high levels of blood urea mtro-
gen were observed after admmnistration of alanime

Several studies mdicate that pyndoune metabolism
may be altered dunng pregnancy (106) Lower levels
of urea mitrogen m the blood were found m pregnant
than 1n nonpregnant women and concentrations were
still further reduced m hyperemesis gravidarum When
the ammo acid alanmme was admmstered, blood urea
mtrogen concentration remamed elevated for more than
12 hours (106a) Sumlar findings have been reported
vitarmn B deficiency 1n animals Pregnant women have
been found to excrete abrormally large amounts of xan
thurenic acid after admmustration of tryptophan the ab
normality being corrected by pynidoune (106b) These
findings suggest that pyndoxime requirement may be 1
creased durmng pregnancy

Large amounts of pynidoxine have been shown to pre-
vent or alleviate the peripheral neurnttis which may de-
velop dunng therapy with 1somaz:id (101) It has been
hypothesized that 1somazid may couple with pyndoxal
to form pyndoxal 1somazid hydrozone thus mactivating
enzyme systems dependent on pynidoxal In this way, a
conditioned vitamn B, deficiency mught be induced  The
penpheral neuntis which has been observed 1 some sub-
jects with chronic alcohohsm has mmproved following
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pyndoune admmustration In some mstances, xanthur-
enic actd excretion after tryptophan admimistration was
abnormally hugh prior to trcatment and decreased follow-
g pyndoune admunsstration  Pyndowne has been used
m the treatment of cheiloss, the lesions heahng in some
subjects In seborrheic dermatitis of the secca type, ap
plication of an omtment contaning pynidoxne, but not
oral admimstration of the vitamn, resulted in improve-
ment 1n lesions 1n one series of subjects but not 1n another
(101)

Although dietary deficiency of pynidowne 1s an unlikely
possibility, 1t seems logreal to anticipate that deficiency
may oceur in numerous situations i which metabolism 15
deranged The appearance of some of the climeal mant-
festations enumerated above should stimulate diagnostic
stucses to evaluate pynidoxine nutribon Two laboratory
procedures are avarlable which measure metabolic func-
tions of pyndowne Admmstration of a large dose 100
gm of d! tryptophan stresses the enzyme systems respon-
sible for 1ts degradation Normal subjects will excrete
less than 500 mg of <anthurenic acid m the urine 1n the
24 hours after this test dose, while subjects with deficr-
ency will excrete larger amounts The second procedure
15 determination of the concentration of blood urea mitro
gen after admmstration of 300 gm of alammne The con-
centration should return to normal withm twelve hours
if pyndoxine 15 available 1n adequate amounts

PANTOTHENIC ACID
Demonstration that pantothenic acid 15 essential n am-
mal nutntion and eluadation of its vital role m met-
abolic processes makes 1t practically certan that this
vitamin 1s essential i man  Pantothenic acid 1s a con-
stitutent of coenzyme A which occupies a central position
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m metabolism Thus coenzyme 1s required for acetylation
reactions It functions m the synthesis and degradation
of fatty acids and 1n the entry of fat and carbohydrate mnto
the citric acid cycle Coenzyme A functions mn the syn
thesis of the porphynn part of the hemoglobin molecule
and 1n the formation of sterols and steriod hormones

The wide distribution of pantothenie acid m foods may
explam failure to observe deficiency even on severely re
stricted diets Bean and associates (107) investigated the
effects of a pantothenic acid free diet, to which the pan
tothemc acid antagomist, omegamethyl pantothenic actd
was added, m four human subjects A number of phys
seal and brochemical disturbances resulted, most of which
appeared to be due to pantotheme acid deficiency The
subjects became quarrelsome, sullen, petulant and at
times, somnolent Parpesthesias of the hands and feet
were followed by the appearance of hyperactive reflexes,
steppage gait and foot drop Other findings were cardio
vascular instability, especially n the upright position,
gastromtestmal complamnts and repeated infections Bio
chemical changes included alterations mn acetylation, car
bohydrate metabolism serum cholesterol concentration
plasma protems steroid hormone excretion and failure
of corticotropin (ACTH) to mnduce eosmopenia Plasma
ascorbie acid concentration decreased while urmary ex-
cretion of thiamme and macin rose durmg the period of
pantotheme acid depletion  Individual varnations m re
sponse to the regimen were large

This study strongly suggests the essentality of panto
thenie acid 1 human nutnition  Bean and associates sug
gest also that ‘burming feet’ a complamt of naturally
occurnng deficiency states, may be mediated by panto
thenic acid deficiency Gopalan (108) has reported relief
of the burning foot syndrome with pantotheme acid In
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other studtes, pantothenic acid has been reported to 1n
fluence the reaction of human subjects to stress (109)
Evaluation of pantothemc acid nutrition must await
further mvestigation and the development and testing of
procedures which will indicate metabolic defects due
to deficiency of this vitammn

FOLIC ACID (FOI_ACIN - PTEROYLGLUTAMIC ACID)

The folic acid group of substances has been shown to
be essentral for blood formation 1n man, presumably 1t 15
necessary for other important functions as demonstrated
m several ammal species Macrocytic anerma which re-
sponds to fohe acid has been observed m nfancy, dunng
pregnancy, 1 sprue and other malabsorption syndromes,
m association with poor diets (nutrihonal macrocytic
anemia) and m other less common conditions such as
intestmal stricture or following operatne procedures m
which the mtestmal tract was short errcuited (110)

Folic acid 1s present mn foods i both free and conju-
gated forms, namely, as pteroylglutamic acid, pteroyl-
tnglutamic acid and pteroylheptaglutamic acid - Another
member of the folic acid group of substances, folinic
acad or citrovorum factor, a formyltetrahydro denvative
of folic aeid 15 also found 1n natural matenals m free and
combmed form Ths compound 1s also formed m the
body from fohe acid and 1s excreted m the urme Infor-
mation concernmg the amounts of the vanous fohic acid
compounds 1n foods and thewr biological availabihity 1s
meagre The best sources appear to be hiver, deep green
leafy vegetables, other green vegetables lidney muscle
meat and whole wheat cereals Darby (111) has reported
that diets adequate 1n other respects furmsh about 01 to

04 mg of folic acid compounds daily, poor diets less
than 01 mg
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m metabolism This coenzyme 1s requred for acetylation
reachions It functions m the synthesis and degradation
of fatty acids and m the entry of fat and carbohydrate mto
the aitric 1aid cycle Coenzyme A functions m the syn
thesis of the porphyrin part of the hemoglobin molecule
and 1n the formation of sterols and steriod hormones

The wide distnbution of pantotheme acid tn foods may
explamn failure to observe deficiency even on severely re
stricted diets Bean and associates (107) mnvestigated the
effects of a pantothenic acid free det, to which the pan
tothenic acid antagonist, omegamethyl pantothemc acid
was added, m four human subjects A number of phys-
1cal and biochernical disturbances resulted, most of which
appeared to be due to pantotheme acid deficiency The
subjects became quarrelsome sullen petulant and, at
times, somnolent Paraesthesias of the hands and feet
were followed by the appearance of hyperactive reflexes,
steppage gait and foot drop Other findings were cardio
vascular nstability, especially m the upnght position,
gastromtestinal complaints and repeated infections Bio
chemical changes mcluded alterations in acetylation car
bohydrate metabolism, serum cholesterol concentration,
plasma proteins sterord hormone excretion, and farlure
of corticotropin (ACTH) to induce eosmnopenta  Plasma
ascorbic acid concentration decreased while urmary ex
cretion of thiamme and macin rose during the period of
pantothenic acid depletion Individual variations i re
sponse to the regrmen were large

This study strongly suggests the essentiality of panto
thenic acid 1n human nutntion Bean and associates sug-
gest, also, that “burning feet, a complamnt of npaturally
occurring deficiency states may be mediated by panto
thenic acid deficiency Gopalan (108) has reported relief
of the burning foot syndrome with pantothenmc acid In
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aloblastic bone marrow appear to be prmanly syn-
dromes of folic acd deficiency, namely, the macrocytic
anemia of pregnancy and the megaloblastic anema of
ifancy Nutntiopal macrocvtic anemua and sprue also
appear to be due to deficiency of folic acd mn some m-
stances while 1 others, deficiency of Vitamm B;: or both
factors may be present. The megaloblashc anema asso-
cuated with mtestinal stncture or anastomosis and, at
times, the macrocytic anema which occurs m primary
Iner disease responds to folic acid therapy (113)
Clieal findings common to both sprue and nutntional
macrocytic anemia are the history of an madequate diet,
glossitis, diarrhea, loss of weight and impaired absorption
from the gastromtestional tract. In both conditions, a
flat glucose mtolerance test 1s a frequent finding  Stea-
torthea 1s charactertistic of sprue, the stools contammng
large amounts of fatty acids but Iittle neutral fat. Absorp-
tion of fat and of fat soluble vitamins 1s inpawred This
may be demonstrated by admmstration of fat or of oily
preparations of vitamun A and measurng the respectnve
blood levels at mtervals thereafter (p 53) Tetamy due
to hypocalcerma may occur 1n sprue due to the combma-
tion of fatty acids and calaum m the mtestmal tract to
form msoluble soaps Recent studies m our laboratory
mndicate that so-called nutntional macrocytic anemia 1s,
m many mstances 2 malabsorption syndrome glucose,
fat and vitamin Bi: (even when combined with mtnmsic
factar) are poorly absorbed from the ntestmal tract.
Admumstration of folic acid or cxtrovorum factor wall
be followed by hematopoietic response and rehef of most
of the abnormal findmngs m sprue and nutnional macro-
cyhe anerma m the majonty of subjects In sprue stea-
torthea may persist and 1n both conditions 1t 15 at tumes
necessary to continue therapy mdefinitely to prevent re-
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Folic acid 1s synthesized by intestinal bactera and
this source of supply may be mmportant m man, smce
expermental deficiency has not been induced by duets
low m folic acsd Evidence from studies m amimals, and

from therapeutic tests m h macrocyhic sug-
gest that the dietary requirement of folic acid 1s less than
02 mg daly

Folic acid particrpates m the synthesis of compounds
which are used m the formation of nucleoprotemns and m
transmethylation processes It 1s concerned with mcor
poration of the “single carbon unit” into the 2 and 8 posi-
tions of the purie nng and the 5 methyl group of thy-
mine and with some of the reactions relating to the for
mation of cholime, creatine and hishdme (112) Fohe
acid 1s essential for mamtenance of normal hematopotesis,
exerting a hematologic effect m practically all types of
human macrocytic anemua, presumably by its function 1n
the formation of thymine and other purmes and pyrimi
dines Although folic acid stimulates blood regeneration
1 pernicious anerma neurologie lesions are unaffected
and hematologic relapse occurs unless vitammn B: 15 ad
mmistered

Folic Acid Deficiency

The syndrome of folic actd deficiency 1s exemplified by
the toxic symptoms which develop during admmistration
of ammopterin a folic acid antagonist (110) These
symptoms mclude glossitts, diarrhea gastromtestmal le-
sions and anema Toxic mamfestations of ammoptern
may be reversed by citrovorum factor, 1f admmstered
promptly but not by folic acid  Presumably ammoptern
interferes with the conversion of folic acid to 1ts meta

boheally active form
Several types of human macrocytic anema with meg-
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tionshups of folic acid, vitammn By and ascorbic acid
patients with megaloblastic anemia have been discussed
m detail by Mueller and Will (116)

Other metabolic relationships between folic acid and
ascorbic acid have been reported  Abnormal excretion of
tyrosine metabolites occurs 1n mfants with scurvy and m
premature mfants given a diet which furmshes large
amounts of tyrosme This abnormal excretton may be
prevented or relieved by admmistration of ascorbic acid
or by large doses of folic acxd (118) There 15 some evi-
dence that ascorbic acid assists 1n the conversion of folic
acid to citrovorum factor or 1n the release of citrovorum
factor from conjugated form (110, 112)

The pathogenesis of nutritional macroey tic anerma and
sprue 15 not clear Neither appears to be due solely to
dietary deficiency of fohe acid of sitammn B: or of
both factors In some mstances, inflammatory disease of
the mntestmnal tract precedes the development of the sprue
syndrome and could be responsible for defectrve absorp-
tion but this 1s not always the case In some subjects
with so called nutritional macrocytic anemia, relapse oc-
curs when therapy with folic acid or vitamm B: 1s dis
contmued even though an adequate diet 1s mgested As
noted previously some of these subjects have defects i
absorption which may be permanent others may have
mcreased requirement and/or abnormal utibization of the
ant anemic vitamuns  Some subjects may be deficient mn
mtrmsic factor as are patients with permicious anemia

Laboratory tests have been developed which pernit
measurement of folic acid concentration mm blood and

excretion of fohe acid and citrovorum factor mn the unine
In normal subjects recewving ordinary diets average ex-
cretion was reported to be 41 and 26 micrograms daily
for folic acid and citrovorum factor, respectivelv (119)
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lapse In some mstances, vitamm Biz 15 as effective as
folic acid m the therapy of these diseases and oceasion
ally the two vitamins are more beneficial when given to
gether than 1s erther one alone

It 1s mteresting to speculate as to the mechanism which
leads to folic acid defictency m the diverse syndromes
mentioned above In several animal species, folic acd
has been shown to have a role 1n the reproductive pracess
(113) It was reported recently that admmustration of a
folic acid antagonst, 4 ammo pteroylglutamic acd to
12 women who were less than three months pregnant was
followed by abortion m ten nstances (114) Perhaps
there 1s an increased need of folic acid durmg pregnancy
which 15 not always met by the dietary intake In such
stances, macrocytic anemia might ensue

Megaloblastic anemia of mfancy presents a complex
problem, 1t appears to be related to deficiency of ascor-
bic acid as well as of folic aced (112) In the Umted
States this anema was observed chiefly m infants who
recerved a powdered milk preparation low m vitamm C
and has been encountered only rarely since ascorbic acid
was added to the formula of this product The anemia
occurs 1n the same age group m which the mncidence of
scurvy 1s high  Megaloblastic anema of infancy responds
to folic actd or eitrovorum factor but not to ascorbic acid
May and associates (117) produced an anemia m mon-
Leys, comparable to that seen i mfants by admimnstration
of a diet deficient m both ascorbic and folic acid The
anemia could be prevented by ascorbic acid alone but
responded only partially to treatment with this vitamn
Therapy with folic acid was completely satisfactory

In South Africa megaloblastic anemia has been en-
countered 1 adults with severe scurvy although 1t 1s rare
(115) This anemia responds to ascorbic acid  Interrela
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vitamin B, . 1s mtritocobalamin  An mteresting facet of
the metabolism of vitamn Bia 15 1ts dependence for ab-
sorption, m the amounts present 1 the diet, on the m-
trinsie factor of gastnc jmce Accordingly, permcious
anemua, which 15 due to defictency of vitamn B.., does
not develop because of dietary madequacy but because
of an nsufficient supply of intnnsic factor It 15 also of
mterest that when very large amounts of vitamn B, are
admmnsstered orally, absorption occurs m the absence of
trinsic factor (123)

In spite of extensive investigation the chemical struc-
ture of intrinsic factor 1s unknown and the mechamsm by
which 1t mfluences absorption has not been elucidated
(124) A number of modes of action have been sug-
gested (125) An attractive postulate 1s that absorption
1s regulated by 2 mechanism simlar to that for the ab-
sorption of wron (1268) Intrmsic factor may have func-
tions other than facihtating absorption of vitamun B, It
15 known that most of the vitamm B, m blood 15 bound
to the alpha and beta globulin fractions of serum protem,
very little 1s present as the free vitammn Recent studies
suggest that mtnnsic factor may facihitate the combination
of vitamin Bi: with a specific protemn moiety of serum
(127) Miller and associates (128) have found that m-
trmnsic factor concentrates from hog intestme stimulate the
uptake of witamin B.. by lwer shees or homogenates
and also by homogenates of kidney and intestinal mu-
cosa Other studies in our laboratory mdicate that there
may be a deficiency of the proten factor 1n serum which
combmes with vitamin B:: 1 some patients with macro-
eytic anema (129) These observations may lead to a
better understanding of the pathologic physiologv of per-
mcious anema and should assist in the development of
new tests useful m dragnosis (p 131)
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Some reports indicate that patients with pemicious
anema and sprue excrete smaller amounts of folic acid
and citrovorum factor after a test dose of folic acid than
do normnl subjects (120) Girdwood (120b) has sug-
gested that an excretion of less than 15 mg m 24 hours
after an oral test dose of 50 mg of folic acid 15 mdicative
of either severe tissue depletion or malabsorphon If
tissues have been lIoaded wath fohic acid pnor to testing
a small excretion after an oral, as compared to a par
enteral, test dose 1s mndicative of malabsorption Few
studies of levels of folic acid m blood have been carred
out None of these procedures has been studied exten
sively m the evaluation of folic acid nutrition

VITAMIN B: (COBALAMIN)

The 1solation of vitamin Biz and the demonstration that
this substance 1s the antt pernicious #nemia factor of hver
was an outstanding achievement (121) Search for this
factor had been continuous smce the late 1920s when
Mmot and Murphy demonstrated the efficacy of liver
the treatment of pernicious anemia and Castle proposed
his theory of the pathogenesis of this disease Castle
postulated that an mtrmsic factor m gastne juice com
bmed with an extrinsic factor m food to form the antt
pernicious anemua factor of hiver Intrmsic factor was
found to be absent from the gastric ymce of patients with
permicious anemma It 1s now known that vitamn By 15
not only the antipermcious anema factor of hver but 1s
also the extrinsic factor of food (122)

Vitamm B like many other members of the B complex,
15 not a smgle substance but comprses a group of closely
related compounds with similar physwologic actvaty
Vitamm Bi: itself 15 cyanocobal while
B, » waa which are identical are hydroxycobalammn and
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findings  Neurologic abnormalities are common, particu-
laly parasthesias of the fingers and toes and signs of
penpheral neuntis or subacute combined degeneration of
the spinal cord - Gastromtestinal complaints are frequent
and glossitis 15 observed 1n most mnstances
The penipheral blood shows severe macrocy tic anemia,
eukopena with hypersegmentation of the polymor-
phonuclear cells, and thrombocytopenta  The bone mar-
row 15 hyperplastic and contams large numbers of megalo-
blasts  Excessive erythrocyte destruction 1s manfested by
a2 merease n the concentration of bilirubin 1n serum
and high urobilin excretion 1 the urme Hvdrochlonie
acid 15 absent from the gastric Juice even after stimula-
ton with lustamine  An abnormality of tyrosine metabo-
Lism 15 demonstrated by the excretion of certam phenchie
compounds 1n the urne
While diagnoss 1 easy mn the classical case of per-
Meous anemia, difficulties often anse m differentration
™ sprue and nutntional macrocytic anemia and even
Om macrocytic anemua m diseases unrelated to nutn-
tional deficiency Estimation of the concentration of vita-
™ Bi, m serum 15 of considerable value m dragnosis
and m judgmg the adequacy of therapy (123b, 30)
The concentration of vitammn B.» 1n serum falls to ab-
normally low levels m pernicious anema 1 relapse even
before there 15 sigmficant decrease mn erythrocytes m the
Penpheral blood The level returns to normal with ther-
2py The exact concentration mdicative of pernicious
anema 15 dependent on the method of assay which 1s
employed With a microbiclogical assay using L Lesch-
mant: as the test orgamism (131), normal serum contains
from 80 to about 500 micromicrograms (#pg) per milh-
Lter In pernicious anemia serum concentration 1s below
the normal range and m some mstances no vitamin Bi,
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Vitamin Bi: 1s undoubtedly an essential human nutnent
but present mformation 1s sufficient to estimate dietary
requirement  The admimstration of approximately 1 mt
crogram daily, parenterally, will induce remssion m per-
nicious anemta {(4a) Presumably, the normal adult needs
to absorb an amount no larger than this but the biological
availability of vitamin B:. n the diet remams unknown
Vitamm B: 1s required for growth m animals Studies of
the effect of vitammm B:: on growth in human subjects
have been equivocal (113) It seems hkely that under
certamn conditions of diet and nutntion, vitamm B: may
have a growth promoting effect

The metabolic functions of vitammn B, are gradually
being elucidated (125) This vitamin appears to be m
volved m the synthesis of nucleoproteins by way of 1its
participation 1 the metabolism of purmes and pyrm
dmes Promotion of normal hematopolesis may be ex
plamed on this basis The mode of action m the metab
olism of nervous tissue has not been clarified Vitamm B:
may have 1 role in the metabolism of methyl, hydroxy
methyl and sulfhydrvl groups

Vitamn B Deficiency

From the chmeal standpomnt vitamm B, defictency 15
seen primanly 1n permicious anemit  Several other types
of macrocytic anema and some neurologie disorders may
also be due to deficiency of this vitamin  Until recently
the dragnosis of pernicrous anemia has been dependent
entirely on climical and nonspecific laboratory findings
Charactenistically the disease occurs 1 well nounshed
persons of middle age or beyond who give a history of
similar 1llness 1 other members of the family Weakness
lemon yellow pallor of the skin and signs of cerebral
anoxemia or congestive heart failure are often presenting
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findings  Neurologie abnormalities are comman, particu-
larly parasthesias of the fingers and toes and signs of
penpheral neuntis or subacute combined degeneration of
the spmal cord  Gastromtestnal complamts are frequent
and glossitis 15 observed 1 most nstances

The penpheral blood shows sev ere macrocy tic anenma,
leukopema  with hypersegmentation of the polymor-
phonudlear cells, and thrombocytopenta The bone mat-
row 15 hyperplastic and contains large numbers of megalo-
blasts Excessnve erythrocyte destruction 1s manfested by
an merease 1n the concentration of bilirubm in serum
and high urobihin excretion n the urne Hydrochlone
acid 15 absent from the gastnc juice even after stimula-
tion with lustamme  An abnormality of tyrosine metabo-
Lism 15 demonstrated by the excretion of certam phenolic
compounds 1n the urnmne

While diagnosis 15 easy m the classical case of per-
meous anemia, difficulties often anse i dufferentration
from sprue and nutntional macrocytic anemma and even

M macrocytic anerma m diseases unrelated to nutn-
tional deficiency Estimation of the concentration of vita-
min Bz i serum 1s of considerable value mn diagnosis
and m judgng the adequacy of therapy (123b 30)
The concentration of vitarmn B: 1 serum falls to ab-
normally low levels m pernicious anemia m relapse even
before there 15 sigmficant decrease 1 erythrocytes m the
Penpheral blood The level returns to normal with ther-
apy The exact concentration mndicative of permcious
anemia 1s dependent on the method of assay which 1s
employed With a microbiological assay usmg L Leich-
manu as the test organism (131) normal serum contamns
from 80 to about 500 micromicrograms (uxg) per milh-
Iiter In permcious serum ration 1s below
the normal range and mn some 1nstances no vitamin B,
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can be detected Normal levels of serum vitamm B,, as
sayed with the organism Euglena gracilis range from 350
to 750 micromicrograms per milliliter (132) Low levels
of vitamm B:: 1n blood may be observed mn macrocytic
anermas other than pernicious anema that wall respond to
vitamin B:.

The urmary excretion of vitamm B, has been studied
by numerous investigators (110) Register and Sarett
(119) found an average excretion of 31 millimicrograms
(mgg) daily 1n normal subjects on ordmary diets In
other studies, somewhat higher values have been re-
ported Excretion tends to be less in patients with per-
nicrous anemia than n normal persons but Jarge varniation
among mdwiduals prevents this test from bemg of diag
nostic value Studies of urmary excretion followmng par-
enteral imjection of vitamm By mdicate, 1n general, an
merease 1n excretion with mereasing dosage (123b) Fol
lowng oral admimstration of vitamm By, there 1s httle
increase 1n urmary excretion unless very large doses (10
to 30 mg ) are admimstered Even m these mstances
excretion 15 less than anticipated by the concentration of
vitamin B:: m serum 1e at levels comparable to those
obtamned with parenteral doses, urmary excretion 1s much
Tower

A procedure which has been developed for mdirectly
detecting the presence or absence of intrmsic factor m
the gastric juce 1s the Schilling test (133) which em-
ploys vitamun B:: labeled with an 1sotope of cobalt, Co®
Two mcrograms of the vitamn (05 microcunes radio-
actiity) 15 admimstered orally followed m 2 hours by a
1000 pg parenteral flushing dose of non labeled vitamm
Urme 1s collected for 24 hours and radioactivity mea-
sured In our experience, normal subjects usually excrete
more than 6% of the radioactive vitamun with this tech
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nique whereas patients with pernicious anemua excrete
less than 2%, the amount often bemg barsely detectable
The test 15 repeated after two or three days using a similar
oral dose of Cos vitamin Bi: combined with mtrnsic
factor Excretion of vitamin Bi: will increase to normal
levels m patients with permictous anemia In sprue and
other macrocytic anermas 1 which mtestinal absorption
1s defective, excretion remams low even in the presence
of mtrinsic factor

Other tests of absorption of vitamm Bix melude mea-
surement of radioactivity i the feces after oral admmus-
tration of Co® vitamin B:. (134) and companson of radio-
activity over the Liver after oral and parenteral admmus-
tration of the labeled vitammn (126)

An 11 viiro test for mntnnsic factor achvity which may
be applied to gastric juice has been developed i our
laboratory (127) It is dependent upon the abilty of
mtrmsic factor to ncrease the amount of wvitammn Bie
which will combme with serum protemns A procedure
for measunng “serum factor” 1 blood, 1e, the protem
morety which binds vitamin B:: has also been developed
Patients with pernicious anemia show low trinsic factor
activity 1n gastne juice and often low “serum factor” with
these procedures In some subjects with so called nutn-
tional macrocytic anemia both tests are extremely low
Further study with these procedures may assist i eluci-
dating the etiology of some of the macrocyhic anemuas
and be helpful m thewr differentration

Vitamm Bi. has been found to be effective therapeu-
tically 1n several types of macrocytic anema other than
permicious anema, mcluding that which follows gastrec-
tomy the anemia associated with fish tapeworm infesta-
tion, some 1nstances of sprue and nutntional macrocytic
anemia and rarely, mn macrocytic anemia of chromie liver
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disease  Following total gastrectomy, vitamin By de

fiiency develops on the same basis as i permcious
anemua, that 1s, absence of mtrmsic factor Vitamm By
deficiency m sprue and nutntional macrocytic anema
may be due to dietary deficiency, impared absorphon,
deficiency of serum factor or some other cause as yet un-
appreciated The macrocytic anema of fish tapeworm
infestation appears to be due to utilization of vitamin Bia
by the parasite m the intestmal tract In cirrhosis of the
Tiver, storage of vitamin B, may be impaired

Vitamin B: has been used in the treatment of a num

ber of neurologic diseases unassociated with permicious
anema This vatamun has been reported to relieve the
pam of nutntional neuropathy (135) and to be benefictal,
at tumes, 1 the therapy of penipheral neuntis associated
with diabetes mellitus (136) In our experience, vita-
min By, has been efficacious n some instances m treatmg
neuntis that occurred m subjects who had chrome alco-
holism and curhosis of the iver Whether a defictency
of vitamm B, 1s present m these conditions remawns un

Jnown Some abnormality of utihzation rather than diet-
ary madequacy mght explain the findings Massive par-
enteral doses of vitamm By, 1000 pg daily, have been
reported to be followed by cessation of pam m trigemmnal
neurahga (137) In this situation, vitamn Bi: may be
exertmg a pharmacologzc rather than a physiologic action

CHOLINE
Lattle 15 known about the importance of cholme mn
human nutrition nor are methods available for the diag-
noss of choline deficiency In animal expenments ad
mmstration of diets low m choline leads to deficiency
which 1s characterized by accumulation of fat in the liver
and hemorthagic lesions of the lidney Cholne func-
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tions as an integral part of acetylcholine, as & source of
labile methy] groups and mn the formation of phospho-
Lpids The dietary requirement of choline in ammals or
man 15 uncertan since this compound can be manufac-
tured n the body and the need 1s dependent on other
sources of methyl groups in the dict, such as methiomne
or betame Ehehjem (138) suggested on the besis of
ammal studies that the human requirement 1s probably
less than 500 mg dady The average dict contains about
250 to 600 mg of choline

Choline has been reported to be beneficial in the treat-
ment of fatty liver and cirthosis in man It 15 difficult to
evaluate such therapy sice admmistration of choline has
usually been only one aspect of 2 regimen which has mn-
cluded a diet hugh mn protem and, n some instances ad-
mmnstration of methionme Comnatzer and Cayer (39)
found that the admmistration of a smgle 100 gm dose
of choline resulted m an merease mn the rate of phospho-
lipid turnover 1n subjects 1n whom fatty nfiltration of the
Iner was demonstrated on mtial biopsy When fat was
not present m the hver, this effect was not observed
Eckhardt and associates (39) m an mnvestigation of sub-
Jects with active fatty aleoholic curhosts, reported that
choline admmstration was followed by a moderate re-
duction m hver fat as seen m biopsy specimens The
bLver cell showed much greater improvement however
when a diet adequate i protemn was prescribed

Choline methionine vitamin B,: and folic acd have
been found to be mterrelated in the prevention of fatty
hvers under certam dietary conditions m anmals
Whether these findings are applicable to man 1s unknown
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BIOTIN

It seems most unhkely that spontaneous biotm defi
ciency will be observed 1n human subjects Although biotm
1s presumably an essential nutrient, not only 1s 1t present
m food but 1t 15 synthesized by the intestnal flora  The
amounts of biotin excreted m the urine and m the feces
are greater than the ntake Current knowledge of the
metabolism of biotin has been reviewed by Wright (140)
Brotin 15 the ant: egg white njury factor, raw egg white
contams avidin which combines with biotin making 1t
unavailable to the body Sydenstricher and associates
(141) produced expernmental human deficiency by feed-
mg large amounts of raw egg-white Manifestations
cluded anorevia, muscle pams, and dry scaly dermatitts

INOSITOL

Lattle 15 known of the role of mositol i the nutrition of
ammals or man Inositol has been admmistered m con-
junction with other agents, 1 the therapy of several path
ologic states for example, chromic Irver disease and mus-
cular dystrophy, on postulates which have httle factual
support The value of mositol 1 such situations remains
unproved

ASCORBIC ACID

Scurvy was described with accuracy several centuries
ago and satisfactory treatment was devised long before
ascorbic acid was 1solated  Only recently however has
a role for ascorbic acxd m conditions other than scurvy
been suggested Extensive mvestigation has indicated
the many biologic functions of this vitamin but its chem-
1cal action 1 metabolic processes remams unclear

In evaluating dietary mtake of ascorbic acid 1t should
be remembered that this water-soluble vitamn 15 easily
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oudized and that loss 1 the storage and preparation of
food may be great The vitamin may be destroyed in the
upper mtestinal tract in subjects who hve achlorhydna
or who hue recened nlkaline medication The minimal
amount of ascorbic acid which will prevent scurvy is
about 100 mg daly The amount wlich should be
recommended for the muntenance of good nutrtion 1s a
subject of controversy The allownnces suggested 1n this
country are given in Table 3 Tt 1s believed by proponents
of other dictary standards that smaller quantities wall
sulfice (4b 4c)
‘ In ascorbie acid defictency, connective tissue 1s de-
ective presumably due to the essentality of this vitamin
for the production of collagen (142) The changes m
bones tecth and gums which occur 1 scurvy and the
Poor healing of wounds, are beheved to be secondary to
this fundamental defect The hemorrhagic phenomena
Tepresent a capllary defect due perhaps to abnormal
Pencapiflary connective tissue

One metabolic function of ascorbic acd has been
elucidated recently 1t acts as a coenzyme m the oxidation
of tyrosne (143) This finding explams the abnormal
excretion of tyrosine metabolites 1n scurvy and the return
to normal after ascorbic acid has been admunstered
Fohe acid wall also correct this metabolic defect (p 125)

Relationships of ascorbie acid to adrenal cortical func-
tion have been mvestigated extenswely (144) Stmu-
lation of the adrenal cortex leads to depletion of ascorbic
acid stores m the gland but cortical function s mam-
tamed even m severe depletion Investigations using as-
corbic acid and acetate labeled with C* indicate that
the vitamin exerts an effect on the conversion of acetate
to cholesterol and other steroids (145) Ascorbic acid has
been reported to prevent the alarm reaction of acute
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stress 1n experimental ammals While much remams to
be learned about the function of ascorbic acid mn the
adrenal cortex, available evidence suggests an mcreased
utithzation and requirement of ascorbic acid under con
ditions of stress It seems advisable therefore to admm
ster ascorbie acid in chronie stress states, partreularly
following burns or other trauma and during prolonged
admumstration of corticotropin

The ascorbic acid requirement appears to be increased
mn hyperthyroidism Plasma ascorbie acid decreases m a
number of mfections, particularly those of long duration
such as tuberculosis or rheumatic fever Whether this
decrease represents an ncrease 1n ascorbic acid require
ment or a redistribution of the vitammn m the body 1
not clear Although the role of ascorbic acid m infection
18 not known, 1t would seem logical to supplement the
diet with this vitarmn when mfections are prolonged

Ascorbic acid has a number of biologic functions 1n
addition to those discussed above such as an imnfluence
on the hyaluronidase hyaluromic acid reaction an  effect
on the reaction of small blood vessels to adrenaline and
some relationship to secretion of sterord hormones m the
ovary (146) Many of the activities of this vitamm sug-
gest that it may function as a resprratory cata]yst but to
date this has not been demonstrated

Ascorbic Acid Deficiency

Ascorbic acd deficiency has been mduced experymen
tally i adults on several occasions (147) Chmcal signs
of deficiency meluded hyperkeratotic papules surround-
mg har follicles, exacerbation of acne, penfollicular
hemorrhages and petechiae, small hemorrhages i the
tips of the interdental papillae and poor wound healmg
The gums became purplish, spongy and swollen mn sub-
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jects who had previously shown penodontal disease and
mtersuptions of the lammal dura were noted m xray
films of the teeth In spontaneous scurvy m adults find
mngs sumilar to those noted above are observed When
deficiency becomes severe, bleeding may occur into any
tissue of the body or from any mucous membrane Swell-
mg of jomts, edema and anemia are additional findings
The gums may be very red, swollen and bleed on shight
pressure loosenng of the teeth and atrophy of alveolar
bone may occur Anemia 1s common m Severe scurvy n
adults and responds to ascorbic acid (115)

In mfants, the majonty of cases of scurvy occur be-
tween the ages of 7 and 11 months The most frequent
presenting complamnts according to Woodruff (143) are
wnitabihity, tenderness of the legs and pseudoparalysis,
1 e falure to move or use the legs Involvement of the
arms 15 Jess common A hstory of bleeding or its mani-
festation 1s another frequent presenting symptom Non
specific complamts often noted are anorema diarrhea
and fever In typical scurvy the mfant ltes quietly m
the pithed frog” position with legs flexed at the knees
and hups flexed and externally rotated The shghtest
Jarring or motion causes crymg due to the pam which 1s
mvoked Costochondral beading the most frequent physi
cal finding 1n Woodruff’s series of cases may cause con-
fusion with nekets  Beading 1n scurvy 1s typrcally “sharp ”
consisting of subluxation of the cartilagmous portion of
the anterior chest wall on the bony lateral portion pro
ducing an abrupt transiton the so called bayonet de-
formity However, a rounded type of beadmg simlar to
nchets may be encountered Hemorrhage around erupt-
mng teeth 15 a constant finding with bleeding after
manipulation m advanced cases Palpable subpenosteal
hemorrhages are frequent particularly 1n the distal end
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of the femur and proumal end of the tithta Bleeding may
occur from any of the mucous membranes although
hemorrhages mto the shm are relatively uncommon, m
contrast to scurvy i adults

Radiographic exammnation of the long bones shows
characteristic changes at the cartilage-shaft junction
appearing earliest at the sites of most active growth, e g,
the sternal ends of the nbs, distal end of the femur,
proximal end of the humerus, both ends of the tibia and
fibula and distal ends of the rads and ulna Findngs
melude cortical atrophy, the cortex bemg unusually thin
m relation to the shaft, and atrophy of the trabecular
structure with 1ncreased transparency producng a
ground glass appearance The provistonal zone of caler
fication at the end of the shaft 15 widened casting 2 dense
shadow, similar changes occur m the periphery of osst
fication centers, best illustrated about the knee (148)
This latter change, m conjunction with rarefaction and
loss of trabecular markings m the epiphyseal center, 1s
almost speaific for scurvy A zone of rarefaction 1 visible
shaftward from the zone of provisional calcification bemg
apparent first near the cortex this plus the extremely
thin cortex constitute the cornmer sign or fracture de-
scribed by Park  This area of rarefaction 1s weak and
fractures may occur here and also 1 the brittle zone of
provisional calcification  Commmution of the Jatter zone
mto the shaft causes the appearance of spur formation
Separation of the epiphysis wath lateral displacement may
occur Shadows of subperiosteal hemorrhages are also
seen on the roentgenogram the area of hemorrhage be
commg clearly outlned by bone formation m the pen
osteum after several days of treatment Followng ther-
apy, the normal architecture of the bone 15 fully restored

Anemia 15 quite common m mnfantile scurvy usually
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bemng hypochromic and due to ron deficiency Occaston-
ally megaloblastic anemia 15 encountered (p 124) The
leukocyte count 15 often elevated except n subjects with
megaloblastic changes m the bone marrow There 15 an
mcreased output of tyrosine metabolites n the unne
when large amounts of this amno 2cid are mgested

The diagnosis of scurvy 1n infants or adults 1s depen-
dent on a hustory of extremely low mtake of ascorbic acid
for a period of months, at least three 1n mfancy and longer
m adults, the presence of symptoms which suggest the
disease and charactenistic physical findings In nfants,
radiologic changes are of great assistance

The diagnosis of ascorbic acid deficiency 1 ats m-
ciprency 1s dependent on laboratory tests The concen
tration of ascorbic acid 1 the plasma reflects dietary m
take In adults, levels of 06 to 1 mg/100 ml indicate a
daily intake of 70 mg or more, levels of less than 02
mg/100 m! an mntake of less than 25 mg (17) Unfor-
tunately, low concentrations do not mdicate the degree
of depletion of bodily stores of ascorbic acid and absence
of ascorbic acid 1n plasma does not indicate scurvy When
such levels are encountered, the ascorbic acid content of
the white cell platelet layer of blood should be measured
Concentrations of ascorbic acid 1 levkocytes below 2
mg/100 ml should be considered presumptive evidence
of scurvy In well nounshed adults recerving 70 to 100
mg of ascorbic acid daily, the level of ascorbic acid 1n
white blood cells 1s 20-30 mg/100 ml

Some type of Toad” test may also be used 1n evaluating
ascorbic acid stores of the body The vitamun may be
admmstered orally or mtravenously and the unnary ex-
cretion or concentration 1 the blood measured for several
hours thereafter These tests and others involving urnary
excretion of ascorbic acid have been evaluated m a recent
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review (17) Woodruff employed the saturation test of
Kadp and associates to differentiate scorbutic mfants from
mfants with no ascorbic acid m serum as a result of a
poor recent diet In this procedure, 200 mg of ascorbic
acid 15 admimstered intramuscularly and serum concen
tration determmed four hours thereafter In practically
all mfants with scurvy, the four hour level was less than
04 mg/100 ml and m about half of the subjects this level
was zero

Lowry (17) has proposed a test for measurmg tissue
deficit under carefully controlled conditions Ascorbic
acid 15 administered 1 amounts of 500 2000 mg daily,
m divided doses to avord raising the plasma level above
14 mg/100 ml which 1s the renal threshold and the
quantity of the vitamin excreted m the urme 1s deter-
mmed Tissue retention should equal tissue defiert when
suitable correction 1s made for destruction of the vitamin

Capullary fragility tests which have been widely used
are of almost no value mn the diagnosts of ascorbic acid
deficiency m view of the many conditions which mfluence
capillary strength

VITAMIN D

Vitamm D deficiency 1s rarely observed in adults and
1s becoming uncommon 1 mfants due to the widespread
use of dictary supplements mn the early months of life
A umque feature of vitatmun D metabolism 1s the forma
tion of this vitamin 1 the shin on exposure to sunhight or
ultraviolet rays and consequently only partial depen
dence of the body on a dietary supply Actually only
small amounts of vitamm D are present mn the average
diet

In several ammal species the susceptibiity to richets
1s influenced by dietary changes such as the mclusion of
cereals contanng phytic acid which decreases absorption
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of caloum  Phytate also appears to nterfere with the
absorption of caleium 1n man (149) Since vitamin D 15
fat soluble, absorption 1s impaired i conditions asso
cated with decreased absorption of fats as when bile 15
absent from the intestinal tract or in the steatorrheas

Vitammn D consists of 2 group of steral dervatives m
cluding vitamin D activated ergosterol, which 1s derived
from plants and vitamin Ds activated dehydrocholesterol,
which 15 found m animal tissues  Vitamin D 1s measured
n International Unmits, one umt bemg equivalent to the
actvity of 0025 u#g of caleiferol ( crystallme vitamme D)
In infancy, maximum retention of calcium will be attamed
with admimstration of 300-400 IU of vitamm D daly
if the diet contans an ample supply of calcium and phos
phorus (150) Larger amounts of vitamm D are not bene-
fieral and a daily dose of more than 1800 IU may be
deleterious  Maximum retention of calelum 1s associated
with good sheletal growth and early dentiion The ma
Jority of children probably require supplementary vitamm
D throughout the penod of growth and practically all
need 1t during adolescence The recommended allowance
for vitammn D 15 400 IU daily from burth to 20 years of
age (Table 3)

Supplements of vitamin D would seem desirable dur-
ing pregnancy and lactation 1 view of the increased
need of calerum and phosphorus 1n these conditions In
adults the need for supplemental vitammn D appears to
be mmmal except i unusual circumstances m which
occupation or habits prevent exposure to sunhght

Vitamin D functions by increasmng absorption of cal-
cum from the intestmal tract, possibly mcreasing the
absorption of phosphorus as well and decreasmg the
unnary excretion of phospharus by enhancing reabsorption
m the renal tubule The renal influence may be due m
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part, to dimimished actvity of the parathyrod glands
which follows a nise mn serum calcium nduced by vitamm
D In addition to mamtaimng levels of calcium and phos
phorus i blood which are suitable for deposition of bone,
vitamm D 1s believed to exert some direct effect at the
site of bone formation Recent 1nvestigation suggests that
vitamm D may achvate alhaline phosphatases of bone,
ladney and mtestine but this enzymatic role of the vita
mm needs confirmation  Normal bone formation requires
an adequate supply of calcium and phosphorus as well
as vitamm D

Vitamn D Deficiency

Vitamn D deficiency 1s charactenzed by poor retention
of calcium and phosphorus and retarded skeletal growth,
particularly m imfancy and early childhood, and by osteo-
malacia 1 adult Ife The clinical signs of nickets vary
greatly depending on the seventy of the process and on
the age rate of growth and stage of physical deselopment
when the disease 1s active The earhest findings are de-
formuities of the skeleton which have been described so
well by Park (151) Cramotabes which may be seen as
early as the second month, consists of areas of softening
of the skull usually ivolving the occipital and parietal
bones along the lJambdoxdal suture The antenor fontanel
does not close at the usual time and the margms are soft,
as are the margms of the cramal bones that form the
sutures In severe nckets the skull can become very
thick particularly at the frontal and paretal emmences
resulting 1 the so-called rachitic “bossmng” of the skull
Thickenmng may occur concomitantly with thinmng and
cramotabes m the back of the skull

Another early sign of nchets 1s enlargement of the cos-
tochondral junctions often referred to as beading of the
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nbs or the rachutic rosary Other deformities of the
thorax mclude pigeon breast and Hamison's grooves The
latter are depressions at the sides of the chest at the level
of the diphragmatic attachments which develop as a
result of muscle pull Abdommnal distention commonly
accompames nickets and accentuates these grooves

The rachitic child shows postural kyphosis on sitting
and lordosis on standing  The long bones become enlarged
at the ends, most readily seen at the wrsts and ankles
The shafts of the bones may be curved the direction of
curvature bemng dependent on the age at which nickets
occurs  Antenor bowing of the tibia or “saber shin”
oceurs before weight bearing while lateral deformaty, bow
legs and knock knees, develop following standmng and
walking The waddling gait m severe nckets 15 due to a
twist 1n the ubia and femur (151) Narrowing of the
pelvic outlet may occur but mjury 1s rarely permanent
except m nckets of long duration

Primary dentition 1s delayed m nchets and the per-
manent teeth may show serous defects 1n enamel forma-
tion  The muscles are hypotonic and motor development
1s delayed, the child 1s slow 1n sitting and walking This
muscular relaxation s also responsible for the pot belly
Tetany due to low serum caleium concentration may com-
pheate the climcal picture of nchets

Roent raphic 10n of the bones will reyeal
abnormalties except m early nckets and healing may
be followed by senal roentgenograms Charactenstic
changes are observed at the cartilage-shaft junctions and
m the shafts of the long bones (151) The end of the
shaft appears cupped m the x ray first visible at both
ends of the fibula and the lower end of the ulna, later 1
the ends of the tibia and the lower ends of the radius and
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femur Cuppmg occurs also m scurvy and m chon
drodystrophy

Spreading of the end of the shaft 1s another commoen
finding 1n nckets as 1s frmging which appears as thread
Iike shadows extending from the end of the shaft nto the
transparent cartilage The end of the shaft may have an
uregular dotted or stippled appearance The trabecular
network of the shaft becomes coarse and there 1s a marked
decrease 1n bone density i severe nichets In advanced
stages of the disease, the cortex may be thin or non visible
or 1t may be thickened and appear reduplicated Curva
tures of the bones are another charactenstic finding

In vitamin D deficiency fecal excretion of caleum and
phosphorus 1s mcreased while urmary excretion of cal
cuum 15 decreased and that of phosphorus mereased The
concentration of morgame phosphorus m the serum de
creases to less than 4 mg/100 ml (25 mEq/1) whie
the concentration of calcium may remam normal or de-
crease Determmation of alkahne phosphatase mn serum
1s the most mportant single procedure for diagnosmg
rickets 1n its early stages Normal concentration m young
children ranges from 5 to 15 Bodanshy umts Elevation
of alkaline phosphatase above 20 units 1s highly suggestive
of nckets since few other conditions influence phos
phatase activity m this age group Such elevation oceurs
before clinical rickets 1s evident Serial determinations
of serum phosphatase are useful m followng therapy
since the return to normal 1s delayed untd healing 1s
complete

Ruckets winch 1s refractory to treatment 15 observed
occasionally, especrally m children over the age of three
The metabohe defect in this condition 1s not understood,
there seems to be mterference with the normal caleifying
action of vitamm D Massive doses of the vitamn may
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promote healing but some of the metabolic 1bnormahties
may not be corrected (152) Relationships between
nchets and the Fanconi syndrome have been discussed
previously (p 42)

Osteomalacia 15 an uncommon disease which presum-
ably 15 the adult counterpart of nchets It occurs most
frequently during pregnancy and lactation and 15 char-
actenzed by osteoporosis, deformity and fracture of bones
and tetany The first symptom 1s usually pain in the back
and sacral area  Muscular weakness 1s an associated find-
mg which may be pronounced 1n the adductor muscles
of the thighs  Stiffness and contractures of the extremities
have been reported When deformity develops, 1t 1s seen
first m the areas m which pam oceurs, that 1s, m the spine
and pelvis X ray examimation will show extensive de-
muneralization with dislocation and fractures The con-
centration of serum calcium decreases, often to levels
below 7mg/100 ml, (35mEq/1) and the level of alkaline
serum phosphatase rises above the normal adult value of
3 to 5 Bodansky umits  Smce 2 number of diseases -
fluence phosphatase concentration m the blood 1n adults
a hugh level should not be considered evidence of osteo-
malacia i the absence of other findings

Osteoporosis and tetany may occur n association with
sprue the cehac syndrome and wdopathic steatorrhea
In these conditions both caleium and vitamin D are
poorly absorbed from the mtestinal tract

Massive doses of vitammn D given over long periods of
time may lead to toxic reactions These 1nclude elevation
of serum calerum metastatic calaification loss of weight,
vomiting and diarthea Death may occur from renal
failure Intowication may be detected at an early stage

Y serum calcium determination a nse above 11 5 mg/100
ml (6m Eq/1) being indicative of excessive dosage
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VITAMIN E

Vitammn E has not been shown unequivocally to be
essentral n human nutnition although evidence suggests
that this 15 the case In expenimental ammals, manifesta
tions of vitamm E deficiency include fetal resorption and
dystrophic changes m skeletal muscle In certamn chnical
diseases n man which resemble experimental deficiency,
namely, habitual abortion and progressive muscular dys
trophy, therapy with vitamn E has been attempted
Beneficial effects have not been demonstrated in these
conditions or 1 a number of other pathologic states m
which vitamm E has been prescribed (153)

An attempt to produce experimental vitamin E defi
ctency mn adult men 1s under way at present (154) The
only abnormal findings after more than three years on a
diet very Jow m vitamin E are a decrease m the concen
tration of tocopherols 1 blood and excessive hemolysis
of erythrocytes when tested with hydrogen perouide 1
vitro It seems unlikely that prnmary deficiency of vita-
mm E will occur m healthy adults However, deficiency
mught anse as a result of impaired absorption, mncreased
requirement or some abnormality 1n the metabolsm of
the vatamin

Plasma tocopheral Jevels have been found to be much
lower m mfants than m adults Normal levels in the
former range from 0 23 to 0 43 mg per 100 ml, 1n the latter
from 10 to 12 mg per 100 ml (155) Gyorgy and asso-
ciates (158) observed that erythrocytes of newborn in-
fants were more sensitive to hemolysis by hydrogen per
oxide than those of adults and that this sensiivity could
be corrected by tocopherol admmstration Sumular senst
ity to hemolysss has been found 1n premature mfants
(157) It seems lkely that supplementation of the diet
of premature mfants with tocopherol may be desirable
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since fat absorption 1s defective and both whole cow’s
milk and stored human mlk have Imted tocopherol
content

Evaluation of vitamun E nutntion must rest, 1t present,
upon determimation of plasma tocopherol concentration
and the use of the m witro erythrocyte hemolysis test
Absorption of vitamm L may be determined by a toler-
ance test simular to that deseribed for vitamm A Subjects
are given 2 large dose of tocopherol (5-20 mg per kg
body weight) and blood sxmples taken at 0, 3, 6, 9, 12
and 24 hours Low curves have been reported 1n sprue,
fibrocystic disease of the pancreas, the cehac syndrome
and m some but not all cases of liver disease (155)
Analysis of tissues specimens, obtamed at biopsy, for
tocopherol content may prove to be informative

VITAMIN K

Vitamm K 15 important 1n human nutrition but defi-
ciency 1s rarely observed in the absence of some com-
phicating disease except 1n the infant during the first ten
days after birth Vitamm X 15 present m a large variety
of foods and 15 synthetized by bactena m the mtestinal
tract, hence dietary deficiency 15 an unlikely possibality
Deficiency m the first few days of Lfe may be due to
madequate mtake durmg this period or to sterihity of the
smtestinal tract The daily requrement of the nfant 1s
approumately 10 pg (4a) In the adult, the requre-
ment 1s unknown but 1s apparently small and easily sup
plied by the ordinary diet m addition to the amount avail-
able from 1ntestinal synthesis

Smce naturally occurring forms of vitamn K are fat
soluble, deficiency 1s observed m a number of diseases m
which fat absorption 15 mmpaired such as obstructive
Jaundice biliary fistula, and the steatorrheas sprue the
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celiac syndrome, idiopathic steatorrhea and pancreatic
fibrosis  Poor absorption of vitamin Kk may lead to defi
ciency m chronic ulcerative colitis, regional deitss, other
severe diarrheal states and following operative removal
or short circuiting of large sections of the mntestmnal tract
Intestinal synthests of vitamm K may be depressed by
prolonged admunstration of anttbiotics

Vitamin X 15 essential for the formation of prothrombin
which 1s necessary for blood coagulaton The precise
role of vitammn K m prothrombm formation by the liver
1s unknown 1t has been postulated that 1t may function
as the prosthetic group of an enzyme (158) Functions
for vitamm K other than mvolvement m the synthesis of
prothrombin have been suggested (4a, 146) ~In ammal
expermments, vascular and parenchymal lesions which
could lead to hemorrhage or tissue njury have been found
m the bram m vitammn K deficiency Whether tissue
lesions precede hemorrhage i fants deficient mn vitamin
K 1s unknown It 15 of mterest, how ever, that not a smgle
wstance of cerebral hemorrhage was noted m 1531 chil
dren m Oslo who were born of women who received
vitamm K during the last weeks of pregnancy (159)

Vitamin K Deficiency

The outstanding mamfestation of vitamm K deficiency
1s hemorrhage which may occur mto any tissue or from
any mucous membrane Cerebral hemorrhage 1s frequent
m mfants deficient m vitamn K and has also occurred m
adults Diagnosts of vitamm K deficiency 1s dependent
on estimation of prothrombin activity of blood A number
of procedures are avatlable for this purpose all of which
consist of indirect estimation of prothrombin concentra-

tion (160)
Prothrombm time may be prolonged in conditions not
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assocrated with vitamin K deficiency A number of anti-
coagulants which are used m the control of thrombosis
and large doses of salicylates decrease prothrombmn ac-
tmty In severe lner disease, the formation of pro-
thrombin 15 defectrve but administration of vitamin K 1s
not beneficial
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FnoM the foregong discussion, 1t 15 obvious
that much has been learned about the mtricacies of nu
tritional problems and that numerous methods have been
developed that are useful mn delineatmg metabolic ab
normalities and nutritional status It 1s of mterest to spec
ulate concermng the future of the science of nutrition as
1t may be applicable to diagnostic and therapeutic med:
cme  Certanly much more informaton will be forth
commg about mnterrelationships and balance among nu
trients  Knowledge of nutritional aberrations m diseases
not due primanly to nutritional fault 15 ndeed meagre and
should receve mcreasng attention The rapid strides
made m biophysics and biochemistry m recent years will
undoubtedly provide techniques which will be valuable
m elucidating metabolic abnormahties Many of the dis
turbances which are uncovered may be amenable to nu
tritional therapy

One promising approach 1n nutritional diagnosis appears
to be measurement of enzyme concentrations m tissue
specmens obtawned by biopsy Another 1s the possibility
of testing nutritional adequacy by stressng various en
zyme systems which may be found to be sensitive to the
supply of a given nutrnient and measuring metabolic end
products Isotopic techniques should assist 1n discovermg
specific roles of nutrients m normal bodily function and
clanfymng dysfunction that occurs m disease They may
prove mcreasingly useful 1 diagnosss as well

While scientific advances may make many of the pro

150
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cedures described 1 this monograph obsolete in the not
too distant future, the approach to nutnitional dagnosis
will contmue to be astute clinical evaluation of all facets
of the patient and lus problems Datn obtawed from the
dietary, environmental and medical lustones, from physi-
cal examination and laboratory procedures must be com-
bined mto an integrated whole for accurate dingnosis The
physician must be well versed 1n basic knowledge of nu-
tntion and heep abreast of advances i thus field

Nutritional diagnosis 1s, or should be, an integral part
of all medical diagnosis It 15 unfortunate that until re-
cently nutnitional aspects of medscal problems have often
recerved scant and superficial attention  If this monograph
stimulates an av areness of the potentialities of nutnitional
diagnosis and resultant therapeutic mmpheations, 1t will
have accomphished 1ts primary purpose
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