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Preface

Tris monograph presents 2 summary of an nterdisciphnary research on
coronary heart disease begun in 1946 under the auspices of seven physt-
cans Four on the medical staff of the Massachnsetts General Hospital
Boston represented in particular the cardiovascular and metabolic fields

Drs Edward F Bland, Jacob Lerman Howard B Sprague and Paul
D White The three others were Dr Sammpel A Levme of the Peter
Bent Brngham Hospital Dr Stanley M Gam of the Department of

pology of Harvard U y referred to the project by Professor
Ernest A Hooton, chairman of that department and Dr Fred Alex-
ander Assistant m Med; at the M. k General Hospital

who carried out ptlot exammations of the first twelve patients studied
Durmg the first year the financial support came from the Cardiac Re

search Fund of the Massachusetts General Hospital As plans developed
and the research grew 1n scope 1t was necessary to assign a full time
medical worker to the project and to seek aid to defray the mounting
expenses Happily Dr Menard M Gertler was available as full time
director of the study Dr Garn was also able to devote much tune and
energy to it duning more than two years The Commonwealth Fund
made a generous allocation to support the research from January 1

1948 through May 1950 and to publish the present monograph. Valu

able help has come through consultation, from Dr James B Hamilton

Professor of Anatomy the State of New York Medical College Brook-
lyn NY and from Dr Alan M Bautler and Miss Margaret Rourke of
the Laboratory Department of the Massachusetts General Hospital

We are also greatly mdebted to Dr John Poutas and to the executives
of the Lever Brothers Company m Cambridge Mass for making avail-
able individnal subjects for our unmatched and matched control study To
the executive staff of Filenes Department Store Boston and to the
medical staff the authors are mdebted for the cooperation given durmg
the sel f divad who were necessary to complete
the matched control group To Dr Jobn Ferttg we are all very grateful
for his generous advice and parnstaking efforts n the final preparation
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of the manusenipt We are happy, also to acknowledge the advice co-
operation and assistance of the Division of Publications of the Comman-
wealth Fund

It 15 a pleasure to express grateful appreciation to all those men
tioned above and to the secretanes and technicians (Miss Sally Poor
Mrs Aliison Walker Mrs Jenmfer Lehmann Mrs Nena Ryder Mrs
Marv Clapp Miss Adeline Flavio Mrs Estelle Nedle and Miss Helen
Donovan) who labored long and faithfully 1 the completion of the
study We are grateful to Mrs Naom C Turner for her mvestigations
on the salivary oxidation reduction potential m relation to coronary
heart disease It 1s aiso a pl to the of Dr
Richard Howard Commander Morgan Drskell and Dr Jay Lockwood
who helped m various aspects of the study Tt 1s hoped that after some
years of follow up a bnef report can be made on the control group of
subjects with paruicular reference to thewr state of health at that time

PAUL D WHITE

Boston Mass
March 1954
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CHAPTER I

Introduction The Problem and the Procedure

HEART discase due to coronary atherosclerosis 1s a major problem
m the world today Cardiovascular renal diseases now clam as,
therr victims half of all those who die 1n the United States The
percentage reported by the Public Health Service for the Umted J
States Registration Area was 49 5 m 1948 and 520 m 1950—
much greater than the sum of the deaths from the next four causes
cancer d tut osts and p Although owmg /
1n large part to the steadily increasing control of mfectious diseases
a greater number of persons now reach old age when cardio
vascular diseases are prone to occur there are stil many thousands
who dee of heart disease in youth and mddle age

One of the most perhaps the most mportant and common
Linds of heart disease results from atherosclerosis of the coronary
arterses It 15 most surprising that relatively little intensive research
has been carried out m the past concerning the etioclogy of thus
vitally mmportant hazard to the Iife of man Only a rare person
like Dr Timothy Leary of Boston had taken an active mterest
the subject before the past few years when other worthwlile studses
of the fundamental causes of the disease commenced to engage
the imterest and talents of serious workers The present research
we venture to beheve 15 such a study but even it like several others
1 the field, has but scratched the surface uncovering problems
that need still deeper thought and study

The background of the present study extends to 1937 when
Glendy Levine and White published a report briefly analyzing
100 patients under the age of 40 who had coronary heart disease
and comparng them with 2 group of healthy old persons In the
search for clues two mmportant findings stood out (a) there were
96 males and only 4 females 1n the coronary group out of 2
population having equal numbers of males and females and (b)

1
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v the majority of the patients were of husky that 15 mesomorphic
| buld Ancther mteresting fact was that the healthy old people
had had 1n youth many more infectious diseases such as diphthenia
and typhoid fever, than had the coronary patients Further study
of these groups was prevented by preoccupation with World War
11, but the problems continued to be turned over n the minds of the
mvestigators as 1s evidenced by the question asked by White mn
the third edition of lus textbook Heart Disease published m 1944
Why should the robust and apparently most masculine young
male be particularly prone to this disease” Incidentally Levine
m 1929 working with Brown had described the type of male
especially subject to coronary thrombosis as short, thickset and
i obese with thick wrists
On the basis of these earlier mnterests and because of the com
pelling challenge of this increasmgly serious disease a new research
study of coronary atherosclerosis i youth was orgamzed as soon
as postwar conditions permutted Many clues which hung together
loosely had been uncovered by previous studies on coronary heart
disease Thus project was concened (a) to study more intensively
the existing clues and (b) to unite 1n a2 more cohesive fashion the
various disciplines from which these clues steramed Accordingly
coronary heart disease was studied from the following viewponts
sex selection and the morphological genetic athletic, occupa
tional physiological psychological chimical dietary, hormonal and
biochemical aspects
It was obvious that the relation of sex to the problem needed
to be studied further and 1t was for this reason that the advice
and cooperation of Dr James B Hamulton were sought Biochemm
cal and metabolic studies were carried out mn the laboratories of
the Massachusetts General Hospxtal by Miss Margaret Rourke
Physical and psy 101 plete histories in
cluding the factor of dlct x ray films and electrocardiograms were
secured with the cooperation of all concerned The question of
heredity was also studied

Selection of Patients
An upper age limut was set in the belief that the individual who
had a coronary occlusion at an early age would show predisposing
charactenistics The maximum age used by Glendy White and
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TABLE 1-1 Sources of patient referrals to the coromary research project

No of patients

Project advisors 27
M G H associated cardiologsts 12
Out patient and house records 4
Self referral* 1
Refernng cardiologists 36
Veterans Admuaustration 20

TOTAL 100

Applied for the study following a newspaper description of the project,

Levine was retamed 40 years or less at the time of myocardial
nfarction and less than 50 at the time of exammation The lymt
was set at 40 rather than 35 or 30 as a matter of convemence in
obtaimng enough patents Although the youngest patient 1n the
series was 22 at the time of s myocardial mfarctron the majonty
(61 out of 97 males) had their myocardal mfarction between the
ages of 35 and 40

Patients were accepted for study in the Coronary Research
Project only if they fulfilled certamn other requirements n addition
to those of age ambulatory physical condition history of myo
cardial infarction at least six months earher and absence of dia
betes of syphtlis or other senious wmfections and of hypertension
at the time of the study (one patient had undergone a successful
lambodorsal path y for previous hypertenston) The 100
patients accepted 1n the study and discussed in these pages are those
who met these requirements out of approximately 250 referrals

At the beginning of the project patients were referred by mem
bers of the Advisory Board from their private and clime practices
and from the Out Patient Department of the Massachusetts Gen
eral Hospital In all 31 patients (see Table 1) came from the
practices of five cardiologists and the hospital files An add:
tional 12 patients were referred by cardiologists associated with
the Cardiac Laboratories of the Massachusetts General Hospital
and 1 patient was self referred After 44 patients had been obtained
1t was necessary to seek elsewhere for sufficient matenal Accord
ingly cardiologists who had attended graduate and other courses
at the Cardiac Laboratones of the Massachusetts General Hospital
were circularized With thetr aid, 36 patients were obtamed (from
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TABLE -2 Geographical distubution of 100 coronary heart disease patients

No of No of

Home state pateents Home stare putients
Massachusetts 61 Flonda 1
New York 8 Alabama 1
New Jersey 5 Oho 1
Congecticut 4 Tiinows 1
Pennsylvama 4 Colorado 1
Mane 3 kansas 1
Rhode Island 3 Musst sippt 1
Texas z North Carolina 1
¥ entucky 1 South Carolina 1

Texas to Mame) and also entered the hospital for the study All
patients participated m the project without expense to shemselves
With the cooperation of Dr David Lattman of the Veterans Ad
an add 120 p were ot d from vanous

parts of the country In this way no one social ethme or economic
group of patients constituted the entire seres

The geograplucal distribution of panents indicated the same
trend toward dispersion of source Whlle 61 per cent of the patxems
came from the C eajth of h { the
Veterans Hospital at West Rotbury and the Murphv Armv General
Hospital) and 10 per cent more came from three other New Eng
land states the remamng 29 per cent were from the rest of the
United States (see Table 2)

Pracedure for exammnation

Patients meeting the requurements were admsted to the Massa-
chusutts General Hospital at the rate of twe or three a week for
a period of 24 to 72 hours Dunng this time the tests evaluations
and interviews were condncted without haste or pressure 1 order
to allow the patient sufficient recavery time between fests Smce
almost all the patients had been hospitalized 1n the past the bospital
rovtine was familar to them The majonty found the tests and
mterviens and gave wholehearted not oply
durning the pertod of this study but also 1 the follow up studies Two
pattents whase cooperation was unsatisfactory have shown excessive
neurasts and 1w the case of ane tow grade psychosis

Upon atrival on the ward floor at 1 » M the patient was given a
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sertes of thorough mnterviews medical questions stressing health
history diet and habits a social interview stressmg environment
and upbringing an hereditary interview stressing family discases
and ages of death a psychological mterview attempting to uncover
sources of tension, and a detatled resume of events previous to and
during the myocardial infarction The latter material 1n conjunc
tion with the questionnaires forms the basis for several chnical
papers 1 this series In addition to the direct interviews described
a pencil and paper test (the Terman Miles see Chapter VI and
Appendx A) and a questionnatre were given to the patient to be
filled out during the stay The long mterview we found not only
served as a method of breaking the ice  and obtamung important
data but also seemed to improve the patient s emotional status

The patient went to his room at about 4 00 P M to begin the
urine collection for the 17 Letosteroid determination In some cases
radioactive 10dine was admimistered at this tune for the thyroid
function test A basal metabolism test was made in the morning
and if unsatisfactory tor any reason was repeated on a subsequent
mornng Following breakfast a routine x ray film was taken and
fluoroscopy carnied out before lunch the electrocardiogram was
taken (three standard hmb leads three umpolar limb leads and
six unipolar precordial leads) Blood smears for a differential count
were also taken before lunch

Following the noon mea} morphological anthropometric and
somatotype studies were made Two hours after lunch the salivary
redox test was taken five hours afier lunch 25 cc of blood were
drawn and held under refrigeration prior to biochemical analysis
The patient was then discharged

In addition to the hospital study mentioned here subsequent
recalls permutted re exammation of about half the patients while re
peated serum cholesterol determmations were made m the majority
of cases with the cooperation of the patients and their physicians

Selection of Controls
A general group which will be referred to as the unmatched
control group of 146 males of age occupation and ethnic ongin
sumilar to those of the coronary disease group was employed at the
outset of this study However for many purposes it was deemed
more satisfactory to adopt the experimentally 1deal matched pair
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technique as clocely as possible since such vanables as occupation
race and physique might account for some of the differences be
tween patients and unmatched controls * Therefore the matches to
the coronary patients were made on an individual basis each
matched control resembled some coronarv patient m age, height
weight body bwmld ethnic ongin, and occupation This group of 97
males will be known as the matched control group t The procedure
for matching was as follows

1 Age The matched control for each patient was rarely more
than 3 years older or younger At the most a 5 year difference was
allowable 1f all other critena were folly satisfied The two groups
compared very closely in age the mean difference bewmng 0 7 years

2 Height The match was held within 3 cm 1 the majonty of
cases the mean difference between the two groups was 2 57 ¢cm

3 Weight Matcihing was done within 4 5 kifos (9 9 pounds)
on the average the matched controls (who were taller) were 27
kilos (5 9 pounds) heavier, but the ponderal index or height/cube
oot of weight ratio was the same for the two groups

4 Body budd This was considered to be very important, and
careful matching was done In general the matched control was
within 2 half point of the patient in each component (see Chapter
1V for the method of evaluating physique) At no time was there
a reversal of dominance as represented by the three components
of physique (Sheldon et al 1940) (a) endomorphy (soft round
obe ¢ buld) (b) mesomorphy (hard, square muscular buid),
and (¢) ectomorphy {fragile thin hmear butld)

5 Race Each match was of the same racial and national
ongin as was s mdex patient

6 Occupation Since exact matches could not be made for
many unusual occupations (leatherette worker for isstance),
matching was done on the basis of a sumilar level of physical exer
tion Hence Inborers were pawed with laborers professional men
with professional men and <o on

*For example hypid levels vary not only with the presence or absence of to o
nary heart disease but also with differences i age and body build and possibly
{though not definutely) with race 1t 15 thetefore possible that variables other than
the disease state could result 1 a difference between coronary disease patients
and a general group of unmatched 1ndividualy
1Since a group of onfy 3 women was too smalf for sigruficant comparison with

a group of 97 men no autempt was made to provide matched controls for the
women
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‘With six vanables to consider mn each match the process was a
tedious and sometimes difficult one as for example 1n the findmg
of a match for a 39 year-old mesomorphic Armeman waiter who
came to Boston 1z 1930

It was not possible to employ the matched pair technique for
all studies basal metabolic rate and athletic hustories were analyzed
for the patients only and a series of unmatched controls was used
m evaluating urinary 17 ketosteroids The source of the control
group 1 each mstance will be stated 1n the text
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CHAPTER 1T

Cluucal Appraisal of the Coronary Group

1T 15 the purpose of this chapter to describe the 100 coronary heart
disease patrents studied with respect to certamn vanables such as
sex age occupation and so on to analyze the character and mode
of onset of both the premomitary symptoms and the acute prodromal
symptoms and to describe the clinical findings at the imtial exam
mations in 1949

Composition of the Group

Sex

Of the 100 patients examined 97 were men and 3 were women
These proportions are almost the same as had been reported pre
viously by Glendy Levine and White (1937) 1n a group of 100
persons who had experienced myocardial infarction pnor to the
age of 40 they found the ratio of men to women to be 96 to 4
Drscusston of the relation of masculimty to coronary heart disease
will be reserved for Chapter VI

Age

In the present study the 3 women examined were 35, 39, and
40 years of age The ages of the 97 men at the time of the acute
episodes ranged from 22 to 40 years averaging 354 There were
8 men between 20 and 29 years 28 men between 30 and 34 years
and 61 men between 35 and 40 years The age at the tume of
examination ranged from 24 to 51 years with an average of 38 2
The lapse of tume between onset of myocardial infarction and our
examination 1s given 1n Table 1

Race

The q of racial predisposition to coronary heart disease
1s far from bemng answered The selection of patients for study the
8
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TABLE -1 Lapse of tme between onset of myocardial infarction and our wmstial
examunation of 97 male patients

No of No of
Years pat ents Years pat ents
05 - 10 17 551- 60 3
10t- 15 14 601- 65 3
151- 20 1s 651~ 70 3
201-25 8 701-75 4
251- 30 8 751~ 80 2
301- 35 2 801-90 3
351- 40 4 901-100 2
401- 45 3 1001-110 [
451- 50 4 1101-120 1
501~ 55 0 2601270 1

This man was exammed by Dr H B Sprague m 1923

onigin of the vanous reports and the mterpretation of the final
results all complicate the sssue These questions and other prob-
lems concerning race 1n relation to coronary heart disease are more
fully discussed m Chapter III

Nearly all the ethni groups present on the east coast (the
home of 70 per cent of the patients) were represented 1 this serzes
(see Chapter IIf Table 6) The progenitors erther male or female
of nearly half the group oniginated m the Bntish Isles Indniduals
of Mediterranean or Eastern Mediterranean origin comprised 37
per cent of the entire group a proportion well mn excess of their
representation 1n the areas from which the sample was drawn
(Hooton 1950)

Occupation

Several reports 1n the literature have been concerned with un
ravelling evidence of a causal relationship between coronary heart
disease and occupational pursuits (Yater et al 1948 Gordon
et al 1939) This questron 1s considered wmn greater detad m
Chapter V Suffice 1t to say at this juncture that 1t 1s evident from
this study that there are excessive aumbers of patients in certamn
occupational categories the managenal comprises 42 per cent
the semuprofessional 7 per cent professional (imncluding doctors)
11 per cent semuskalled Jabor 30 per cent skilled 4 per cent and
unskilled 3 per cent Thus 1n tlus himited senes as 1 other more
extensive series certamn types of occupation are found to pre
dominate
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TapLE 0-2 Distnbution by month of acute episodes of myocardsal infarction 1o
100 patients (97 male and 3 female)

No of
Month patents
Jaguary 13
February 4
March 11
Aprl 5
May 13
June 1
July 7
August 4
September 10
October 9
November 12
December 1

Incidence and Symptoms

Incidence of infarction

The distribution of cases by month 1s shown m Table 2 The
onset of acute episodes of coronary beart disease 1t our patients
during the fall and winter months showed a greater absolute 1nct
dence which on statistical analysis s sigmuficant

The series of patients studied however, 15 too small to warrant
the drawmg of definte conclustons concerming the relation of
weather to coronary episodes

As can be seen from Table 3 whuich gives the distribution of
the acute eprsodes by tume of day the majonty occurred during
the hours of increased actvity with the greatest incidence mn the
early afternoon There appeared to be a dechine 1n the sate of
occusrence of myocardial mnfarction between the hours of 3 PM
and6amM

TasLe D-3 Tocidence of myocardial infarction by tme of day i 100 patients (97
male and 3 female}

No of Ne of

Time pauents Time patients
A mdmught-3 8 P noon-3 27
3-6 5 3-6 10
69 17 1

69
5-n0con 12 9~mudnight 10
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TABLE 11-4 S preceding f: m 64 male patients*
No of
Symptom patients
Angma pectons 41
on effort 32
on emotional strain 5
after heavy meals 2
at rest 2
Pasn radiating from chest 15
to arms 14
to shoulders 1
Dyspnea on exertton 22
Fatigue 7
Indigestion (upper abdominal distress) 20
after exercise 9
after eating 8
on emotional stran 3
Nervousness (tachycardia or palpitatron) 4

36 patients (33 male and 3 female) bad no svmptoms prior 1 the acute episode

Symptoms

Of the 64 patients who gave a history of their symptoms pre
ceding the acute episode (see Table 4) 8 said that the complamts
had been present for longer than one year Of these 8 patients 3
gave indigestion as a symptom 2 nervousness and 3 angima
pectorss Three others had complamed of mdigestion and nervous
ness for as long as four years 1 reported dyspnea for as long as
five years The 52 remamng pattents had noted some form of
distress (angma pectoris 1n 38 cases) for less than one year in most
cases for only a few months Three of the 38 who had had angma
pectoris for less than a year had suffered tightness in the chest on
exertion for only three days before the acute attack symptoms
which may represent a partial occlusion of one of the coronary
vessels prog g with d activity to plete occlusion
and mfarction

It 15 noteworthy that only 4 of the 100 patients suffered no pan
duning the attack although they did have other complamts such
as dizziness nansea and vomuting and so on (see Table 5) The
pan when experienced lasted on the average, approximately six
hours with extreme vartations of from twenty minutes to seveaty
two hours
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CHAPTER X

TABte 1~ Symptorms 2t onset of acute episode of coronary heart disease for 100

patterts (97 m.le and 3 female)

No of
Sympton patenis
Chest pan (substernal and/or precordial) 96
Nausea 15
Indigestion 13
Dyspuoea 10
Vomitng 8
Ercessive sweating 8
Dizziness 5
Weakness 2
Cyagosis 2
Headache 1
Palpitation 1
Choking 1

The locations to which the chest pan radiated were not aleays
the classical sites 1 less than half of the mstances of radiated chest
pan (29 out of 68 patients) did the pam radrate down both arms
1t 15 noteworthy that 10 28 cases there was chest pam with no radia
tion These observations are summarized m Table 6

TABLE -6 Radjauon of parn during acute episode of coronary heart disease for

56 male patients*

Pan

No of
pat ents

Radiation of pama to
both arms
left arm
left wrist and hand
left hand and fingers
rmuddle of back
left shoulder
left eibow
upper abdomen
mandible and teeth
throat
night shoulder
right arm only
both ¢lavicles
Jeft ear

single radimtion

mutnple radiation (combinations of above)

No radiation of pam

=TI
2

BO mmmNNUA BRSO

W

o
@

4 pavents (1 male and 3 femate) &d not exprrence pam
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TABLE D=7 Acuvity 2t onset of acute episode of coronary heart disease for 100
patients (97 male and 3 female)

No of
Actvity patients
Resung 22
Walking 21
Manual labor 18
Sleeping u
Performance of professional dutses
Exerctsing (calisthemcs baseball) 6
Climbing steps 4
Dnving or nding 3
Gettng out of bed 3
ting 2
Runmng 1
Dressmg 1

Actnaty at onset of acute episode

The types of activity 1n which the mndividuals were engaged
unmediately prior to the acute episode are summarized m Table 7

Of the 18 patients listed as having their major attack while
performing manual labor 9 expenenced it while engaged mn some
type of work to which they were not accustomed In 2 of these
cases unusual excitement supenimposed on the unusual activity was
perhaps an additional factor A total of 21 were engaged m some
type of activity exercise or otherwise that required greater work
on the part of the heart than was required by therr usual daly
routite It 1s believed that this may have been a factor 1n the devel
opment of infarction of the myocardium at least mn some patients
Of the 100 cases one third were restng or sleeping at the onset
of the acute myocardsal infarctron

Statas and Climical Findings at Ymtal Exammation

Seventy of the patients had been hospitalized at the tme of the
acute myocardial 1nfarction for an average of ¢ 2 weeks and had
remamed rmactive following the hospitalization period for an aver
age of three months Twenty-one patients had been treated at home
for a sumlar period and 9 cases had gone unrecognized or ignored
during the ilness No attempt was made 1 this study to evaluate
the methods of treatment that had been carmed out duning the
acute liness

In the majonty of cases the physical examination made for
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the present study was remarhably unrevealing This observation 18
not new 1t is the expertence of most physicians who have the
opportumity to see cases of coronary heart disease after the mmtial
acute episode

It was strihang to observe 1 this group that the features of almost
every ndrvidual appeared to be at least a decade older than Ius
chronological age This raised the question that has been considered
by Carrell and others How does the rate of hving affect the lon
gevity of the mdividual? The typical physique of coronary heart
disease patients (discussed m Chapter IV) s associated with an
epergy expenditure that can be far greater than the expenditure
of those with 2 more linear physique who do not usually expenence
the disease Are persons who experience coronary heart disease at
a relatvely young chronological age therefore, actually a decade
older by phystological standards? This hypothesis has been sug
gested by Paul D White and Samuel A Levne 1 their various
publications and lectures

Heart

Inonly 1 case was a murmur grade 3 apical systolic, considered
of any comsequence although a grade 1 apical systolic murmur
was recorded 1n 7 other cases In all 8 cases the murmurs were
found 1n hearts reported to be enlarged i the left ventricular com
ponent The aortic second sound was greater than the pulmonic
second sound 1n 74 cases and P2 was greater than or equal to A2
1n the remaining 26 cases

Abnormal jugular pulsations were found m 1 case accom
panted by tachycardia and by gallop shythm which was also heard
n 3 other cases

Blood pressure

The highest systolic pressure recorded was 160 mm of mercury
the hughest diastolic pressure was 108 mm of mercury The average
bleod pressure for the entire group was 123 systolic and 81 dastolic
The systolic and diastolic pre sures exceeded 150 and 100 mm of
mercury fesp Iy monly S However only I patient
could be classthed as having hypertenstie heart disease (at the
time of examination lus pressure was normal owmg to a sympa
thectomy) It will be recalled that one of the entena of selection
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FIGLRE 1I-1 Xray picture showing an aneurysm of the left ventricle apical
portion
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of patients for thus study was the absence of hypertension Ths fact
helps to explain the blood pressure findings

Fluoroscopic and x ray findings

During our 1mtial exammation 97 of the pattents were studied
by x ray consisting of both fluoroscopy and 7 foot chest films 1n
the P~A view In addition left and right oblique views were taken
1n 10 cases In 39 mstances the heart was enlarged as reported by
the roentgenologists Even though the cardiothoracic ratio 1s an
inaccurate means of determining the relative size of the heart this
was computed 1n each case and in 22 instances the heart was found
to be 50 per cent or more of the transverse dtameter of the mner
nib cage

Two cases were found of left ventricular aneurysm with para
doxical pulsations In 1 of these cases (see Fugure 1) the mfarction
had occurred nne years previously 1 the other case only one year
before Eight cases presented fluoroscopic evidence of dimmished
pulsations along the lateral margin of the left ventricle which the
roentgenologists mterpreted as being possible old areas of infarc
tion with scarrng This mcidence 1s much lower than that reported
by other authors (Dack et al }

Electrocardiographic findings

Using the three standard hmb leads three umpolar imb leads
(aVR aVL aVF) and s umpolar precordial leads (V1 to V6)
evidence of imfarction was demonstrable 1 every case mncluding
one of ten years duration and another of twenty one years duration
This 100 per cent electrocardiographic confirmatton 1s not surprs
g because 1n this study only those cases were selected which had
an absolutely certain diagnosis There were 54 cases of antenor
or anteroapical infarction as evidenced by QRS wave ST segment
and T wave changes 11 standard limb leads 1 andsor 2 aVL and
the precordial leads There were 40 cases of posterior or postero-
lateral infarctions as shown by alterations of QRSST T com
plexes n standard hmb leads 2 and/or 3 and lead aVF In the
majonty of individuals eximned the septum was mvoly ed to some
extent Six cases presented the electrocardiographic picture of both
anterior and posterior mfarctions The results are summarized

m Table 8
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Thste 08 Electrocardiographue findings i 100 patients (97 male and 3 female)

No of panents

D

of
antenor or anteroapical site of infarchion 54
postenor or posterolateral site 40
both sites 6
Disturbances of rhythm
normal simus thythm
swus tachycardia
stous bradycardia
premature countractions {(auricular)
paroxysmal tachycardia
auncular Sbrillanon or flutter
Conduction defects
AV block—partial
AV block—complete
nght bundle branch Block
left bundle branch block
other unpared sntraventnenlar conduction
1o conduction defects
Awms deviation
left ventricslar hypertrophy
{eft anis deviauon
night ventriular hypertrophy
night axis deviation
Do ans devizlion

)
NUON oomwew

S e
SBuwail 2o

Miscellaneous findings

ARCUS SENILIS Arcus seruhs has been considered to be related
1o cholesterol metabolism, and 1t was stated by Boas (1945) that
the incidence of arcus semilis mereases with hvpercholesierolemm
This concept was later g d and add ! was pre
sented which did not support Boas thesis (Gam and Gertler 1950)
In the present study only 5 patients had an arcus sembis The Jevel
of total cholesterol 1 thewr serum averaged 275 mg per cent

TOBACCO AND ALCOHOL The guestion of the effects of tabacco
and alcohol on coronary heart disease and the possible relation
between these two factors was considered in this study The results
are summarized 1 Tables 9 through 12

It 15 evident that the coronary heart disease group smoked a
few more cigarettes per day than dud the unmatched control group
These data however do not give any information on the effect of
smokang on the cardiovascular system such as has been presented
by several authors (Ievy et al 1947 Evans and Stewart 1943
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TABLE II-9 Daily fobacco use in coronary heart disease group of 90 males® and
unmatched control group of 139 malest (Mean = SE)

Cigarettes Ciga s Pipejulst

smoked smoked smoked
Coronary group 19416 17+ 10 85+ 29
Control group 13811 25 09 56+ 16

? patients did not respond 1o the questonnaire
17 controls did not respord to the questionnare
3Each pipeful was considered to be 0 1 ounce

TABLE 1-10 Smokers and non smokers m coronary heart dusease gromp of 90
males* and unmatched control group of 139 malest

SMOKERS NON SMOKERS

o No i

Coronary group 81 20 9 10
Control group 107 7 32 23

7 patients did not respond to the questionnare
17 controls did not respond to the questionnaire

TABLE H-11 Weekly alcoholic consumption 1 corenary heart disease group of
92 males* and unmatched control group of 140 malest (Mean = SE 1n onaces)

Beer Wine L quor} Total
Coropary group 25+487 29x114 644127 343
Control group 32508 25056 36£069 381

5 patients did not respond 10 the questionnaire
16 controls did not respond 10 the questionnaire
Rye and scotch whiskey and gin

TABLE 1-12 Consumers of aleohol in coronary heart disease group of 92 males®
and unmatched control group of 140 malest

consumzrs ABsTAINERS

No < No «

ou 6 715 23 28

Soronay Toue m 7 % 2

Control group

- —
S patents did not respond 10 the questionnare
16 controls d d not respond to the questionnaire
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English et al, 1940) It should not be inferrred from these results
that cessation of smokng will necessanly benefit or prevent coronary
heart disease

In Table 10 the smokers and non smokers 1n the unmatched
control group ind coronary heart disease group are considered Al
though 1t 18 evident ot only that (@) the smokers in the coronary
group smoked somewhat more than the smokers wn the control
group but that (b) there were proportionately more 1a the coronary
disease group who smoked the difference seems to be unimportant

In Tables 11 and 12 two topics are considered (a) the amount
of sleoholic beverage consumed by the two groups and (b) the
number 1 each group who abstamned from alcoholic beverages
In Table 11 1t wiil be seen that the coronary heart disease group
imgested more hguor 1 the form of whiskey and gin But 1 total
quantities the unmatched control group ingested more alcohalic
beverages of alt kinds 1¢ 38 ounces to 34 ounces

In Table 12 1t 15 evident that the difference between abstauwners
1n both gronps was msignificant

From this study no definite conclusions may be drawn as to
the effects of alcohol on the development of atherosclurosis or on
the precip of a dial

BLOOD GRoUPS Boyd (1950) has apphed a genetic systum of
clasmification ta man He hases hus methad on the hypothesss that
the genes which determine blood groups do not differ fundamentally
from the genes which affect morphologieal charactenssties Such a
system 15 necessanly himited by our understanding of the complex
mochemical factors mmvolved but 1t has nevertheless been estab-
hshed on a firm foolng by Boyd Extending Wieners proposal
(1951) of racial classification by means of blood groups Boyd
{1950) has suggested six racial divisions based on blood group
(ifferences

Since the of Boyd s techmque were unavaiable 1
this study our data on blood groups and Rh factors cannot be
employed with as great assurance as Boyds data Nevertheless
certain differences did exist even n thus rongh classificanon The
control group had a targer percentage of Group O and of Group O
with Rh posstive than did the coranary heart disease group but
2 smaller percentage of Group A and Group A with Rh positve
{see Table 13)
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TABLE I-13 Blood groups Rh factors and combmations thereof tn coronary
beart disease group of 94 males* and unmatched contcal group of 145 malest

CORONARY PATIENTS UNMATCHED CONTROLS
No o No -
Blood group
A 37 460 51 352
B 14 172 21 144
AB 4 49 4 28
8] 26 322 69 475
Rh factor
posttive 1 888 116 800
negative 5 112 29 200
Blood group and Rh
A+ 7 403 38 261
A— 4 59 13 87
B+ 10 149 17 117
B— [ 00 4 27
AB+ 3 45 3 21
AB— 1 14 1
o+ 9 283 58 405
00— 3 45 1 76

For 3 of the 97 male coronary heart disease pauents ne ther blood group nor Rh
factor was recorded In the remaning group of 94 patients the blood group was not
recorded i 13 cases and the Rh factor was not recorded in 14 other cases

1For I of the unmatched controfs no data were recorded

Prognosis

At the time when this report was undertaken (December 1
1949) 10 patients m this seres had died since examnation 2ll ap
Pparently from recurrent mntarctions 6 of these deaths occurred after
one additional wnfarction 3 after two additional infarctions and 1
after three additional infarctions Twenty six others had suffered
additional infarctions 1ncluding 2 who had had a total of three
mfarctions and 1 a physician who had had a total of four mfasc
tions but who still carried on a imted practice

Eighteen of the patients had not restricted their work or activity
1 any way and had no complamts referable to the cardiovascular
system at that ime Twenty four had voluntanly hmited thetr work
or exerase and likewise had no cardiovascular complamts One
man was cnippled by gout The remaming 7 patients had com
plaints of angina of effort dysp: or a comt on of pl
(see Table 14) Two were listed as heavy users of mtroglycerme
1 taking approximately 300 tablets per week

The 90 living patients had survived an average of 3 92 years
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TapLE n-14 Symptoms m 1949 of the 90 hving patients with previous myocardial
nfarction

No of
Symptoms palents
Angina pe taris 36
Dyspoea 16
Palpitation g
Fangne 4
Duzzigess 2
Crippled by gout 1
Lamutation of actity withour speasfic complamys 24
No complants 18

from the date of the acute episode unul this report One man was
alive 22 5 years after the ongnal epwode though cnppled by gout
at this tune The 10 patients who had died since our onginal exam
mation had sunvived an average of 3 5 years ncluding 1 who bad
remaied alive and active for over 11 years Eaght of the 10 who
died had had preceding complamts for from two months to as long
as five years consisting of mild to severe dyspnea and angma pec
tons assoctated principally wath effort Tharty six patients who had
complamts before infarction such as angma pectons dyspnea or
palpitation continued to have these same complamnts frequently to
a more severe degree afterwards

There were 16 who hsted some complawmts before nfarcuion
who at the time of wnting were free of symptoms However 1t
must be remembered that the majonty of these petients had mack
edly curtarled thesr activsties and did not extend themselves to the
pomt of mducing angina pectoris dysprea or other symptoms

Summary

The findings discussed m this chapter leave hitle doubt that
pure coronary heart disease (that 1s uncomphicated by hyp:r
tension  xanthe dab ot nept )} 15 pred
a male disease pnm‘ m the age of 40 The patients in this study m
all 1 sy varying from direct
cardiac symptoms such as chest pam (both precordual and sub
sternal) 10 seemungly unrelated symp such as or
headache However it 1s noteworthy that i 96 per cent of the
patents the symptoms were referable to chest pan There appeared
to be a relation between season of the year and mfarction, for 60
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per cent of the acute episodes occurred durnmng a 5 month pertod
between November 1 and March 30 The use of alcohol and of
tobacco was greater in the coronary heart disease group but the
differences were not sufficient to 1mply a causal relatton

The 97 men 1n the coronary group appeared about a decade
older than therr chronological stated age Aside from this clincal
observation there were no other striking chnical phenomena Only
2 mstances of left ventricular aneurysm and only 10 mstances of
diminsshed or paradoxical pulsation were observed dunng fluoro
scopic examumnation The heart sounds and the electrocardiograms
did not reveal any unusual or defimtive diagnostic features Blood
studies either by groups or Rh factors did not reveal any sug
gestive clues as to genotypes or phenotypes in coronary heart
disease
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CHAPTER 11

Famuly Incidence The Role of Heredity and Race

IN climcal practice coronary heart disease 15 not infrequently en
countered n sibhings and cardiologists who have been established
for some years often have treated both father and son Such obser
vations have led to the concluston that coronary heart disease 1s 2
famifial discase that it runs mn fanulies Some fauly mpressive
matenat has been published to support this contention (Musser and
Barton 1931 Gates 1946)

1t has also been observed that patients with coronary heart dis
case often come from short hved famdies from families showmng
other cardiovascular dicordess or from families with diabetes
renal disease and/or other degenerattve diseases These observa
t1ons would suggest in turn exther that the hfe <pan of the parents
of the patients was shortened by coronary heart disease (though
not necessanly diagnosed as such) or that the factors for the de
velopment of the disease were pleiotropic in character and diseases
of the coronary arteries were one expression of the general syn~
drome

Clinicians have also noted that i this country Jews seemungly
have a hugh wiule Negroes have the lowest ncidence of coronary
heart disease (Yateretal 1948) Such observations together with
tentative reports from other countries suggest that there 1s 2 racial
factor nvolved

When these observations are taken together—the facts that the
disesse appears to be famibiaf that af 13 associated with a shortened
hife span ta the parents of pattents and that there appear to be
racial vanations 1n the incid; of the d \SH ble to
suspect the existence of hereditary genetic factors n the etiology
of coronary heart disease This being so the next step 1s to attempt
to uncover these factors

2



FAMILY INCIDENCE HEREDITY AND RACE 23

TABLE 1i-1 Survival of parents of coropary heart disease group of 97 males and
unmatched coatrol group of 146 males

PARENTS OF PARENTS OF

CORONARY GROLF CONTROL GROUP
No = No -
Mothers 97 100 146 100
hving 56 58 107 73
dead 41 a2 39 27
Fathers 97 100 146 100
fving 2 32 65 45
unknown 3 4 5 3
dead 62 64 76 52
Total parents 194 100 292 100
Tving 88 4s 173 59
unknown 3 2 5 2
dead 103 53 114 39

Famly Mortality and Average Length of Life

Method

During the course of the terviews both the patients and the
146 controls were questioned about the physical condition of thetr
parents grandparents and siblings whether they were living and
1f not the cause of death (if known) The data obtamed from these
mterviews (see Appendix B) were compared with those obtamed
from detailed wiitten questionnarres filled out by each mdwidual
subsequent to the mterview thus duplicate records were obtamed
for both the patients and the controls Discrepancies between the two
records were resolved by further communication sith the subjects
or with referring physicians or by recourse to hosprtal records or
to relatives of the patients In cases of doubtful mformation or ques
tionable reports no entries were made

From the final records master genealogical charts were drawn
up for both groups (see Appendix C) and from these master charts
the final tabulations were computed It should be noted that these
tabulations represent the situation at the time of the final mterview

Frequency and cause of death among parents

Table 1 gives the number and proportion of parents who were
living or dead at the time of the final nterview It shows that the
proportion of parents lving at the time of the final mterview was
higher 1n the unmatched control group than 1n the patient group
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TABLE m-2 Mean age of parents at ume of death * unmatched control grovp and
goronary beart disease group

PARENTS OF PARENTS OF
CORONARY GROUP CONTROL GROUP Dlﬂ{’lﬂtl
No  Age tnyears No  Ageinyears ears
Mothers 39t 556208 358 590210 44
Fathers 61§ SBEx 154 72 527160 09
Difference 32 07

*For a twtaf of 11 parenu the mge at death was not kaown hence the totals #re
smaller than 1 Table

42 mothers ages at d:nh were unknown

14 mothers ages at death were nnknown

§1 fathers ape at death was unknown,

{i# fathers ages at death were unknown
Of the motbers of 146 controls 73 per cent were alive as compared
with 58 per cent of the patients mothers Simidarly 45 per cent
of the fathers of the controls were alive as compared with 32 per
cent of the fathers of the patients For total poarents 59 per cent
of the parents of the controls were alive as compared with 45 per
cent of the purents of the patients Swce these differences are sta
tisticafly sigmificant 1t 15 concluded that mortality 1s lugher among
the parents of the 97 male patients

In order to determine whether the difference 1 mortality could
be artnbuted to a difference in the age disttibution of the two groups
of parents the ages of the surviving parents at the ime of the final
mterview were compared The surviving mothers of the control
group and patient proup zespectively averaged 63 9 years and
64 4 years the fathers averaged 66 4 years and 66 O years The
shight differences of 5 year and 4 year were too small to be sig
nificant Hence the different mortalitv cannot be attributed te an
age difference
‘The average ages at death of mothers and fathers of the coronaty

heart disease patients and the controls are compared 1 Table 2
It will be noted that the averages for the coronary heart disease
group were 1n each case somewhat Iess than for the control group
This might have been anticipated 1n view of the hagher percentage
of dead parents i the coronary heart disease group (see Table 1)
However this difference n the average age at death of the parents
in both groups 1s not statsheally sigmficant It will also be noted
that the average age at death of the mothers was somewhat Jess
(although not sigmficantly) than that of the fathers i both groups
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This 15 1n keeping with statements by Eppinger and Levine (1934)
who suggested that the parents of patients with angma pectoris
show a somewhat lower mean age at death than the general popu
lation and that the patients mothers die at an earlier age than their
fathers

Since a higher proportion of the patients than of the controls
parents were deceased 1t was of Interest to compare the causes of
death As shown in Table 3 the deceased parents of the patients
showed a higher percentage of deaths attnibutable to disease of the
cardiovascular system and fewer deaths atinbutable to certamn
other causes

Of the deceased mothers 513 per cent mn the patient group
died of cardiovascular disorders of all kinds as compared with
359 per cent 1n the control group Of the deceased fathers 64 6
per cent 1n the patient group died of cardiovascular defects of all
kinds as compared with 46 2 per cent 1n the control group

The patients fathers showed 2 larger proportion of deaths due
to disease of the coronary arteries 37 1 per cent of those deceased
as compared with 18 5 per cent of deceased fathers of the control
group The difference 1s significant There was practically no differ
ence m the percentage of deaths from disease of the coronary
arternies among the mothers of the two groups 9 8 per cent in the
coronary group and 7 7 1n the control group

Naturally certain questtons arise as to the validity of these find
ings While the results given here are derived at first hand from
personal nterviews and questionnares all the mformation stems
from the same source and 1s subject to bias or error by the individual
1t 15 quute possible that 2 patient might give retrospective  diagnosis
~—that 1s assume that the parent necessarily dted of the disorder
that 1s a source of concern to the patient binself However 1t should
be pomted out that the proporttons of deaths said to be due to old
age unknown causes accident and so forth are comparable
the two groups

Beaning these cauttons m mund the data suggest then that the
parents of coronary disease pattents show a high proportion of
deaths due to disorders of the heart and circulation and that much
or all of the excess may be due to diseases of the coropary artertes
While thus 1o stself does not confirm the factor of snhentance it 1
extremely suggestive
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Sex ratios among siblings

Since some disorders are characterized by a disproportionate
sex ratio apparently due to factors that act as lethal mn one sex and
as semulethal 1n the other 1t was of interest to study the sex ratios
of the siblings These were calculated for all 100* patents and the
146 male controls The young coronary patients had 388 sibhings
(not counting those stillborn whose sex 1s unknown) Of this 388
total 53 per cent were males In the control group there were 482
siblings of whom 246 or 51 per cent were males The ratio of
males to females does not depart sigmficantly from the theoretical
106 1 nor do the ratios mn the two groups dufer sigmificantly
From the total number of siblings 1t was calculated that the average
aumbers of children in a patient s and 1 a control s famly were 4 88
and 4 30 respectively

Although the patients and controls may not yet be considered
to have completed thewr own familtes the average numbers of off
spring at the time of the final mterview were 177 and 170 re
spectively The rattos of male to female children were 0 85 1 0 and
103 10 It 1s obvious that these differences are not sigmficant

Frequency and cause of death among siblings

Suce the parents of the pattents showed a hugher mortality and
a larger proportion of deaths attributable to the heart and vascular
system 1t was of iterest to compare the siblings of the patients
and the controls in this respect Of the 482 siblings of the 146
control subjects 98 or 20 per cent had died up to the ume of the
imterviews Of the 388 smiblings of the 100 patients 58 or 15 per
cent had died up to the tme of the wnterview The difference 1n
mortality 1s not significant

The causes of death however show a marked difference be
tween the two groups As shown 1 Table 3 the deceased siblings
of the coronary patents showed an excess of cardiovascular dis
orders Of the 58 deceased siblings of the young coronaty patients
27 6 per cent died of vanous cardiovascular disorders as contrasted
with 8 2 per cent of the deceased siblmgs of the control group tlus
difference 1n percentage 1s significant Much of the difference 15
due to the hgher coronary heart disease rate among the siblings

ot affected by the sox of the proband (or index patient)
" ot e both the 97 males and the 3 females an this tabvlation
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TABLE 4 Frequency of coronary heart disease 10 parents of coronary heart
disease group of 100 (97 males and 3 females) and of unmatched control group
of 146 males

CORONARY GROUP CONTROL GROUP.
No of “ of 00 No of “ of29
parents total parents parents total parents
Father only 23 14
Mother only 1 3
Both parents 6* 0
TOTAL 30 150 17 58

*3 pars of parents

As described m the previous sections the genealogies which
are given mdividually m Appendix C were analyzed 1 order to
determine whether the mode of inheritance followed any sumple
genetic model The genealogies for the 146 control subjects are
also 1ncluded smce they serve as an ndication of the frequency
of coronary heart disease 1n the parents of mdividuals of comparable
age who were at the time of exammation free from coronary heart
disease The findings are tabulated in Table 4 The genealogies
may be less than conclustve because the Life experience with respect
to coronary heart disease 15 not yet complete

Tn 73 of the 100 coronary heart disease cases nerther parent
extubited the disease so far as 1s known In only 3 cases did botk
parents have the disease These 3 mothers plus 1 other whose hus
band did mot have the dissase were the only 4 mothers sad to have
had 1t whereas a total of 26 of the fathers were said to have suffered
from 1t

Frve out of 58 or 8 6 per cent of the siblings of the coronary
Ppatients expertenced coronary heart disease whereas only 1 out of
98 or 1 per cent of the siblungs of the unmatched controls had coro
pary heart disease The difference 15 statistically significant

For 131 of the 146 controls nerther parent was said to have
bad coronary heart disease In no case were both parents of controls
affected There were 3 mothers with 2 history of the discase—
almost the same number as 1n the patient group Only 14 fathers
were affected however compared with 26 fathers of patients

The merdence of the disease then 1s significantly greater 1n
the parents of our patients (15 0 per cent) than m the parents of

controls (5 8 per cent)
e nroportion of males to females among the parents who
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had had coronary heart disease vaned n the two groups for the
patients parents 1t was 26 4, 0r 6 5 1 and for the controls parents
1t was 47 1 The dufference between these two ratios 1s large but
i view of the small numbers of parents affected 1t 15 not statistically
sigmficant The larger number of males 1n both ratios 15 1n heeping
with the general observation that this 1s a predommantly male
disease
The genealogies are mteresting in that they fail to show a spec
tacular number of family members with coronary heart disease
‘While Herapath and Perry (1930) Coombs (1930) and Boisse
vamn (1931) have all described families with one affected parent
and many affected siblings such famuly lnes are probably excep
tional cases and may be due to chance * In the present study even
though all the family hines 1 the patient group were selected on
the basis of one or more affected mdividuals few genealoges re
plete with coropary heart disease are found } The genealogy of Pa
tient No 18 (Appendix C) shows 7 siblings 5 male and 2 female
of whom 3 males were affected The father was also affected The
genealogy of Patient No 26 shows an affected mother and 2 affected
siblings out of 4 But genealogies with many affected siblings are
absent, though this may well be attrbutable 1n part to the relatively
low age of the group Simdarly the control series fauls to evidence
famdy lines of the type described by Bowsevain (1931) and by
others
From the data 1t would appear to be highly unlikelv that the
disorder 1s mhenited either as a simple Mendehan domunant or as
a dominant covert in the female The proportion of affected fathers
of patients (26 out of 100 fathers) 1s too small 1o fit either mode
of inhentance §
The posstbility that the disorder was wherited as a Mendehan
was checked further by the 3 cases 1 which
both parents were affected If the disease was so inhented then
both parents would be homozygous for the disorder and all the
offspring would be affected But in these 3 cases among 20 siblings
of affected patients there were no clear cases of coronary heart
*See Allan (1933)
1Coronary heart discase was 2 relatively rare diagnosis forty years ago and was
doubtless often muissed
$1f 1t were edber 3 sex influenced, a sex imited or a simple donunant inhent

ance approumately 50 per cent of the fathers would be expected to show the
disease assuming high pepetrance
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disease It 15 therefore highly unlikely that the disorder 1s wherited
as a sumple Mendelian recessive

The evidence 1s thus agamst the possibility of a simple mode
of mhentance for coronary heart disease either as a domunant or
as a recessive even considenng its masked nature 1n the female
However the data do suggest that the disease 15 farmhal (as wit
ness the higher incidence of the disease m the parents and siblings
of the patients) The most definite statement that can be made 15
that the disorder runs 1n famibes posstbly a2 multiple factor con
dition with at least one dommant factor

Fmdmgs on Race
The statement has often been made that coronary heart disease
has an unusually high wmcidence 1n one racally distimet group or
an unusually Iow incidence in another With this in mmnd the ethmc
onigs of each coronary pattent were analyzed in detall includimg
the nationality of both parents (see categories 1n Table 5) and therr
place of birth as well as hus own

TABLE m~5 Nationality categories of coronary heart disease group*

Group Symbol Description

1 Old American A Prmanly northwestern Evropean muxture
resident 1 the North Amencan contment
for three or more generations
(Hrdlicka 1925)

2 Austrian Au

3 Armenian Ar

4 Belgian Be

5 Bntgx’sh Tsles B A muxture of English Scotch Irish,

amsh D

7 Enghsh E Primanly second and third generauon
Enghsh

8 French F

9 French Canadian FC

1

l(l, fnesrl;nu ? Pamanly second and third generation Insh.

1132 ;:::;: ; Prmanly a blend of eastern Mediterranean
racial elements forming an endogamous
group (Coon 1939)

14 Portuguese P o Coust blead

15 Negro N Pnmanly a Gold Coast-Slave Coast blen
usually with Groups | and §

16 Synan s

There were no indivduals of “pre Scotch, Welsh Swedish, of Chunese onigia, or
of other natonal tes not ncluded 10 the table
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TaBLE -6 Nationalty of parents of coronary heart disease group of 100 (97

MATFRNAL NATIONALITY

Oid Bniush
PATERNAL American Austnan Armemian Belgan  Isles Danish  Enghsh
NATIONALITY ) (au) (Ar) (Be) (B) (D) (E)

0O1d American
(A)

Austrian (An) 1

Armentan (Ar) 1

Belgian (Be) 1
British Isles

B)
Danish (D) 1
English (E) 4
French (F)
French Can

adian (FC)

German (G)
Insh (1)
Ttalian (1)
Jewish (7}
Portuguese (P)
Negro (N)
Synan (8)

The findings of this survey of ethmic ongm are summarized m
Table 6 As would be expected from the make up of the general
population m their area nearly half of the patients were denved re
cently or remotely from the British Isles Qwere pure British Isles
4 were pure Englsh and 12 were pure Insh The Insh well
represented 1n the urban populations of the northeast, are also well
represented m the present senes

Fifteen patients were ‘old Amenicans’ (following the defimtion
by Hrdhicka 1925 see Table 5) Two of the group of 100 patients
were Negroes Both were born in the South and sent to us from
there no conclusion may be drawn from thus fact however smnce
st may merely reflect the source of the data

Of the 100 patients 27 were Jews (26 men and 1 woman),
1 was Synan and 1 was Armeman As compared either with the
general Amenican population where the proportion of ndviduals
ultimately denved from the Near East 15 approximately 6 per cent
or with the utban Boston population where st approaches 14 per
cent this 29 per cent s Inghly sigmficant That the high ratio exists
35 general knowledge (Boas 1949) One mav question whether the
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males and 3 females)

MATERNAL NATIONALITY

French
French Canadian German  Insh Tialian Jewisk Portuguese Neg o Syrun
F) (FC) (G) @ o ) [¢3] (N) [&))

3 1 2
1 1
1 1 1
1
2 1
12 1

27

excess represents an artifact of sampling or 2 real difference 1n 1nc1
dence due to genetic or cultural factors In the series of previous
1nvestigators 1t has been questroned whether an excess of Jewish
patients was due to a higher meidence of coronary heart disease
or to a culturally conditroned drive to visit the top doctor In the
present sertes 1t 1s unlikely that such patterned behavior was re
sponsible for the excess since the 100 patients represent not the
prwvate practice of one physician but the private and w ard practices
of a large number of physicians spread out over a large area as
well as patients obtamed through hospital records the Veterans
Admimstration and other sources

Summary
Clinical mmpressions favor the opiuuon that coronary heart dis
ease 15 a familial disease There has however been Iittle scientific
documentation of these chinical xmpressions and since therr 1mph
cations are of the utmost mmportance for the control of the disease
1t was believed necessary to carry out studies 1 this area Obviously
only a very close follow up study of hundreds of families over
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severat generations will provide a definttive analysis However, this
study, which 1s cross sectional rather than longitudinal, did uncover
certaun clues and 1t 1s hoped that by a further follow up of both
patients and controls mmore mformation will be obtamed

Since coronary heart disease 15 encountered often m young
men 1t was reasoned that the patients mught come from short lived
farmlies and therefore a survey of the ages of parental deaths was
made If in addition it was demonstrated that more parents of pa
trents than of controls died of coronary heart disease then 1t covld
reasonably be suggested that this 15 a fammbhal disease It was shown
that more of the mothers and fathers of the coronary than of the
control group were dead The differences 1n age at time of death
were not statistically sigmficant but 1t was shown that 37 1 per
cent of the fathers i the coronary group compared with 185
per cent of the fathers m the control group died from coronary
heart disease There was no sigmificant difference in the percentages
of deceased mothers (9 8 per cent and 7 7 per cent respectively),
a fact that 1s not surpnising since coronary heart disease 1s a male
disease and s rately experienced by women until after the meno
pause When however the data on other cardiovascular alments
were added to those for coronary heart disease 3t was ciearly demon
strated that the death of both parents from some kind of cardio
vascular disease was more common 1 the coronary group than m
the control group (see Table 3)

As 2 further test for the thesss that coronary heart disease 1s 2
famihal disease the cause of death of siblings of the coronary group
was studied Here 1t wag found that 8 6 per cent of the siblmgs of
the coronary group as opposed 10 1 0 per cent of the siblings of
the control group died from coronary heart disease

On the basis of the evidence concerming the proportion of deaths
and the causes of death 1 the parents and siblings of both groups
1t 15 reasonable to conclnde that coronary heart disease 15 more
tikely to occur mn families or indwviduals if mother father or siblings
have expenenced the disease

A problem wihich requures further work 15 the delineation of
the hereditary pattern which predisposes to coronary heart disease
A follow up report on the status of the patients and unmatched
controls at the end of 1953 15 presemcd mn Appendn F

This chapter also dered racral D or
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to coronary heart disease Since the actual number of cases studied
was not great specific conclusions pertaming to the general Ament
can population cannot be made It may be noted however that
there were m this group of patients a preponderance of Jewish
mdividuals and a scarcity of Negroes
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CHAPTER IV

Anthropometnic and Morphological Apprasal
of Physique

AssoclaTIoNs real or gined bet type of physique and
cause of death have been clumed for many years, but despste the
perststence of these clums specific correlations have rematned un-
demonstrated The robust  pykmic physigue has been more asso
crated with cardiovascular disorders and the hinear, asthente type
with respiratory disorders but individual predictions are hardly
practicable (Sheldon 1940 Lessa 1943 Ciocco 1936 Bauer,
1945 Petersen, 1932)

On the other hand actuanal and biometnc studies employmg
large numbers of mndividuals have all demonstrated that cardiovas
cular disorders are more frequent m individuals who are above

normal weight than among those who are below normal weight
This general relation however 3s less well demonstrated mn the
female than in the male (Dublin and Macks 1938) aad, even
n the male the more carefully the physique 15 defined the less per
fectly the generalization 1s mamtamed

As these anthors showed (1937) the mortahty of tall overweight
men 15 greater than that of short overveight men while the mortality
of tall overwesght men with short spines 1s far greater than that of
tall overwerght men with long spines Thus withn the general group
of overweight’ men certam physiques have a mortahty over ex
pectancy while other physiques stll overweight® have no excess
mortahty Pearl (1940) and Peard and Ciocco (1934) also show
that the more precisely a physique 15 defined the better the differ
entiation between disease groups Thus in the present study the
problem 1s to define the factors of physique and morphological
character as sharply as possible 1 order to obtain optimum differen
1ation between those with specific disease predispositions and others
not so predisposed

16
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Studies by Other Investigators

Since coronary heart disease has been recogmzed only rather
recently as a disease of the younger adult and since such cases are
infrequent 1n the prvate practice of any one cardiwologist descrip
tons of the physique of the patients as a group have come 1n recent
years only although many ndividual cases have been reported

Levine and Brown (1929) commented that young office patients
with coronary heart disease had round thick wrsts and other char
actensstics suggesting both musculature and rotundity The first
survey of coronary heart disease in young mdividuals made by
Glendy et al (1937) mclnded a brief summation of physique
According to their study which employed standards not defined
the majonty of these young patients were either obese or over
weight only 30 per cent were average or lean French and
Dock (1944) 1n a prehminary study of coronary heart disease 1
young soldiers also reported that the majorty of 80 mutral cases
were overweight or obese The same trend was observed m
a study by Goldsmuth and Willms (1937) who found that in com
panison with msurance company standards a group of patients who
had experienced coronary thrombosis were sigmficantly over
weight Similarly McCain et al (1950) reported that 23 per cent
of 281 autopsted cases of myocardial infarction were obese  Omn
the other hand Yater et al (1948) reporing on a very extensive
Army sertes meluding French and Dock s 80 cases noted that the
men who died ultimately after expeniencing verified coronary athero
sclerosis with infarction were often overweight at the time of m
duction but not at the time of death This mmportant observation
questroned the role of weight per se m the etiology of coronary
heart disease and also raised the problem of whether weight reduc
tion constituted any real preventive therapy Moritz and Zamcheck

(1946) similarly showed that Army men who died after coronary
occlusion were no heavier than Army men who died accidental
deaths although both groups were overweight” if norms based
on inductee statistics were used This explamed the findings of
French and Dock (1944) while at the same time questioning the
validity of the conclusions mn earher studies Overweight alone did
not seem to be the factor

' White (1544) on the other hand following Levine and Brown
(1929) stressed as an etiologrcal factor not fat or obesity but
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rather the fact that many of lus young male coronary patients
were well muscled athletic and 1n a sense, the * most masculme
of men suffering at an unusually early age a hughly sex lmited
disorder Newman (1946) observed the same physique factor m
hus British Army study the soldiers who developed coronary heart
disease were fine physical specimens and ranked high on physical
fitness scores

Thus varous studies did suggest a physique factor n the
etiology of coronary heart disease but the actual description of
the physique was not formulated Despite this lack of agreement
m the studies themselves most chmcians have assumed that fat
15 an etiological factor 1n coronary heart disease and have em
ployed weight reduction for therapy

It was one of the purposes of the present study to investigate
the physique of individuals who had experienced myocardial m
farction from the standpomt not only of habstus and anthropologt
cal type but aiso of masculimty of build since 1t had been sug
gested by Draper (1941 1944) Seitzer (1945) Sheldon (1540
1949) and others that disorders with a hugher incidence 1n the male
are often more n hyper line than 1n hypo 1
physiques The basic problems for mvestigation then, were
1 What physique distibution actually etusts among mdividuals

who have coronary heart disease at an early age?
2 Is obesity a prime etiological factor 1n this disorder?
3 Istherea coropary physical type?

Dethod of Apprassal in Present Study

The suggestions inferences and clinical hunches about the
physical characteristics of the young male with potential coronary
heart disease led to the formulation of a program designed to
embrace most of these leads The program of physical appraisal
was set up to mveshigate (a) the anthropometnic charactenstics
of the coronary group determined by standard measurements (b)
weight 1 the coronary group 1ts relation both to accepted stand
ards and to the weight of a comparable group of healthy males
as well as coronary weight height ratios (c) the gross morpho
Jogical character of the coronary patients i terms of physique
habitus or body bwld

‘These programs of investigation were carned on by the methods
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of mvestigative research used by physical anthropology Weight
and height weight data were gathered and subjected to analysis
Physique ratings were given first at the tune of exammation and
later 1n revised form after mspection of standardized somatotype
photographs which permit the stmultaneous mspection of three
views of the mndnidual at once Measurements were taken and
studied and mdices of proportions were calculated with a special
View to obtaiming a description of the thoracic region Morphologt
cal traits were selected among the hundreds avatlable to mnclude
such features of age as balding and graymng such features possibly
correlated with masculimty or vinlity ~as total harmess and
specific features relating to the configurations of the pectoral region
the waist the hips and the thighs Moreover other data possibly
related to masculmity were ncluded among the ratings (see
Chapter VI) The problem of assessing masculimty objectively 15
an wmordinately difficult one Voice pitch and size of genitalia were
noted but were not thought satisfactory for objective recording

Inall there were 24 measurements regularly made m addition
to age 12 indices were used m the final report and 32 additional
charactenstics and morphological trais were rated (sce Seltzer
1943 and Kovacs and Hartnung 1935 who also used anthro
pometry 1n the study of a disease population)

These ndvidual ratmgs and measurements were sepatately

related to the psychological hormonal biochemical and physio

logical studies 1n progress The physical appraisal m the anthro
his chapter while the detailled

pological sense 15 considered 1n fl
consderations of the findings and their interrelations with other
data are considered separately n this monograph and 1n other
publications Because of the probable unfamilianty of the medical
profession with the anthropometric methods 1nvolved they are
presented 1n somewhat greater detail than they would have been
1 a report designed sunply for an anthropological audience These
findings must be confirmed or refuted 1n terms of the methods em
ployed Were they not given m sufficient detal to allow other
workers to test ther relability * 1t would be difficult to appraise
therr value satisfactorily
* Reliability 1s here used 1n the sense employed 1n psychological testing A

reliable  test 13 one that consistently produces the same results in the hands of
different observers who employ the same methods An “unreliable”™ test 13 one
that may be internally consistent only 1 the hands of the same observer
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Anthropometnc Findngs

Measurements and indices used

In selecting measures for this study we desired contact measure
ments as close to the skeletal measurements as possible (so that
there would be less age mfluence) as well as measures of both
central mass and thoracic mass In this way we could determmme
whether differences were (a) general, (b) concentrated 1n the tho
racic trunk or (¢) peripheral In addion we desired to test spectfi
cally the alleged obesity of coronary heart disease patients by
companng the measurements of waist breadth and hip breadth
assumng that abdommal faccidity 1s the best single measure of
thus 1l defined term obesity

In addition to general measures we selected a few that show
Iittle vanation with physique but do show racial differences Thus
1t was possible to use race mfluenced measures as ndicators of
possible sampling errors

The measurements of the thoracic trunk were four sn number
chest depth (upper) chest depth (lower) chest breadth and chest
length (sternum ensiform) There were four measurements of the
peripheral region hand length hand breadth wnst depth wrst
breadth Ten measurements of the head and face were taten bt
puptilary nose length nose breadth upper face length, total face
length biocular bizygomatic bigomal head breadth and head
length

Girths were not used because of the difficulties i determining
the proper point of measurement 1n an older and usually plumper
population

MEASUREMENTS
Abbreviations

A = Anthropometer

SC = Shding Caliper

Sp C = $preading Caliper

Starred 1tems are standard for anthropometric measurements
(Hooton 1946 Martin 1928) Metric measures were used except
for weight which was recorded 1n pounds
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13
14
15

17

20
21

23
24
25
26

*Age to past buthday

*Weight nude or with mummum clothing

Usual weight average weight m five years previous to exam
ination as stated by the subject

*Stature maximum height to vertex

Span tip to tip arms fully extended A

*Shoulder breadth biacromial taken from the front A
*Chest breadth chest breadth at Jevel of mpple moderate pres
sure A

Waist breadth waist mmimum contact measurement A
*Hip breadth biihac A
Upper chest depth d
level

*Lower chest depth sternum to spme at level of mipple mod
erate pressure A

Chest length (sternum ensiform) sternal notch to palpated
bony tip of xiphoid process A

*Bipupiliary mterpupillary drameter with eyes relaxed SC
*Nose length nasion (by projection) to subnasale S C
*Nose breadth maximum bialar §C

*Upper face length nasion (by projection) to prosthion (by
projection) SC

*Total face length nasion (by projection) to menton (mod
erate pressure) SC

Wrist breadth distal tuberostty of radius to distal tuberosity of
ulna maximum measurement not at right angles to axis of
forearm SC

Wrist depth contact measurement dorsal ventral at mght
angles to above SC (ordmanly)

Hand length third wrist crease to tip of mndex finger §C

Hand breadth at right angles to long axis of hand maximum
base of digtt IT (1ndex finger) to triquetral bone sC

Biocular (by palpation) right orbital border to left orbital
border at level of fronto zygomatic suture Sp C

Bizygomatic maximum diameter across zygomatic crests Sp C
*Bigonal maximum diameter at gontal angles Sp C

*Head breadth maxmmum bipanetal Sp C

*Head length from naston to 1mon Sp C

brium to spme  anthrop
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CHAPTER 1V

INDICES

~

N

3

ES

“

o

~

oo

10

11

height (sn wnches)

cube root of weight (in pounds)

of body mass such that the most massive physiques approach
100 and the most hinear physiques approach 14 0 The mas
swe physiques are relatively heavier per foot of stature

lower chest depth

chest breadth

roundness, such that the roundest chests approach 100
span
height

Ponderal mdex

Thoracie index x 100 A measure of chest

Relative span

x 100 A measure of relative body length

p breadth
shoulder breadth
ative hip breadth such that idices of 85 or over indicate broad
hips 1e feminowd proportions
waist breadth

hip breadth
breadth such that indices under 80 indicate relatively narrow
wasts and somewhat femmoid appearance

upper face length %100 A of
bizygomatic distance
relative face breadth such that a broader upper face results in
alower index

Hip shoulder mdex x 100 A measure of rel

Waist up index

x 1060 A of the hip

Upper facial mdex

bipupillary d e £ the
Eye face index oppec face Tengh x 100 A of the

relative eye face breadth such that a narrower 1aterpupillary
dameter results 1n a Jower index

Nasal index 2958 Dreacth breadth x 100 A measure of refative nasal
nose length

breadth

Shoulder mndex  Shouider breadth 456 4 of breadth
height

of shoulders and therefore the reciprocal of linearity

Hand breadth index hand breadth x 100 A of line
hand fength

arnty of hands

Wrnist breadth index wrist depth x 100 A measure of wrst

wrist breadth
roundness
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head breadth
head length
of head most used in racial comparisons

12 Cephalic 1ndex < 100 A measure of roundness

Comparison of coronary and control groups

MEASUREMENTS The ages of the two groups compared very
closely the average age of the coronary heart disease group bemg
382 years and that of the unmatched control group 36 7 years
The difference of + 1 5 years in favor of the coronary group 1s
small and does not attam statistical sig Moreover chang:
due to age at this age level (35 to 40) are extremely small As
described 1 Chapter I the two groups were quite comparable 1n
socio economic status Therr differences lay mn factors considered
to pertamn especially to coronary heart discase

In addition to age and usual weight 24 measurements were
made on both the coronary heart disease group and the unmatched
control group One of these the biocular was not used 1n the
analyses that follow Of the remaimng 23 measurements 10 showed
significant difference between the two groups—that 1s cnitical Tatios
(of the difference between the means) exceedng 2 5—while 3 others
showed borderline sig ritical ratios equall 2025

The 14 measurements 1 Table 1 m which the control group
exceeded the coronary heart disease group reflect 1n general the
trend of the control group to be taller and more linear than the
coronary heart disease group This (ifference 1s best seen 1 height
(a difference of 4 5 cm ) span total face length hand length and
chest length Thus 7 of the 14 measurements 10 which the control
group exceeded are length measurements

In 9 measurements out of 23 (age usual weight and brocular
omitted) the coronary exceeded the control group although the
control group was taller and longer 1t 15 of real importance to note
that 8 of these 9 measurements relate to breadth the one exception
being nose length which shows 2 difference that 15 not sigmificant
The two most sig depth were those of the
upper chest and wrist Thus despute the tendency of the coronary
heart disease group to be shorter 1t was at the same time absolutely
broader Therefore wdices relatmg breadth to length would 1n
general show the relatively greater breadth of the coronary heart
disease group For the purposes of thus study 1t has been our policy

to keep such ndices at a oinumum
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TABLE Iv-1 Anthropometric measurements of coronary heart disease group of
97 males and unmatched control group of 146 males

Coronary group Control group
mean £ SE mean = SE
Age (years) 82 5 367x 6
Weight (1bs ) 1705 %23 1Mox20*
Tength measurements
stature (cm ) 17182 6 1763 7t
span (¢m ) 1765+ 8 1796 % 6%
chest length (cm ) 215+ 2 224% 2%
nose length (mm ) 567+ 4 562x 3
upper face (mm ) 6841 5 696 4
total face (mm } 121lx 6 1236% 61
hand length (mm ) 1912x 9 1938 6*
head tength (mm ) 1938x 8 19574 6
Breadth measurements
shoulder breadth (em ) 392 2 401x 2%
chest breadth (ecm ) 300 2 02x
uppet ¢hest depth (cm ) 195 2 1852 2%
lower chest depth (cm ) 230 2 225+ 2
hip breadth (cm ) 295 2 27x 1
waist breadth (cm ) 295 2 294 2
hand breadth (mm ) 888+ 5 830x 4
wrist breadth (mm ) 589 4 586x 3
wrist depth (mm ) 411x 3 399% 2
brpupitlary (mm ) 628+ 3 654x 31
nose breadth (mm ) 367 3 361 2
bizygomatic (mm ) 1411x 6 1410 4
bigomal (mm ) 1073+ § 10822 4
head breadth (mm ) 1538 6 1546+ 5

*Differenc smigmificant
Dafference hughly significant,

The two groups wete also compared with respect to their homo
geneity for these anthropometnic measurements that 1s their stand
ard deviations were compared No important differences were noted
except that the control group was more variable with respect to
height However when height was compared with weight (ponderal
index), there was no difference in absolute vanability

INDICES  Twelve indices were regularly employed 1n comparnng
the two graups In general they were chosen as having special utility
1n physique comparisons Two of the 12 however (nasal and ceph
alic indices) were selected as having the Ieast to do with physique
and refating rather to racial differences

The indices 1n Table 2 were denived by analyzing statistically
the ongnal mdices computed for each individual (that 1s they
were based on primary measurements not on group averages)



APPRAISAL OF PHYSIQUE 45

TABLE 1v-2 Anthropometrec indices tn coronary heart disease group of 97 males
and unmatched controt group of 146 males

-_—

Coronary g oup Controlg orp
Index mean & S.E mean = S E
Ponderal 1225 = 06 1243 + 05
Thoracie 768+ 6 744 = 51
Relative span 1029+ 4 1018+ 2
Hip shoulder 755+ 5 743+ 4
Vast up 999 7 983 4 41
Upper facial 487 4 95+ 5
Eye face 922+ 7 Mlx6
Nasal 651x 7 650 5
Shoulder 29+ 1 28x1
Hand breadth 4634 5 453 = 3¢
Wrist breadth 69610 682 7
Cephalic 793+ 6 790x 5

Difference sigmfi ant. $Borderline sigmficance

1Difference highly sigmficant.

Table 2 mdicates that the coronary heart disease group showed
a umform trend toward relatively greater depth and breadth Of the
12 mdices there were 4 with significant differences and 2 others
with borderhne sigmificance The coronary heart disease group was
hugher than the control group n 4 of these 6 indices and m 1
other mdex (ponderal) showed greater breadth by a decreased
wmdex In only 1 mndex (eye face) did the control group appear to
have the significantly ngher value If statistical sigmficance 15 dis
regarded 10 out of 12 indices showed a tendency to greater breadth
on the part of the coronary heart disease group

Two of the significant indrces are the ponderal and the thoracic
Their differences well illustrate the evidence that the coronary
heart disease group was relatively heavier per foot of stature and
that 1t showed central distribution of weight The distnbution of
the two groups according to ponderal mndex 1s grven 1 Table 3

The relative hand breadth and the relatie span also showed
important differences The difference 1n relative hand breadth con
firms the observational impress:on of lower hineanity in the coronary
heart disease group The control group had relatnely longer
narrower hands

The waist hip mdex shows that the coronary heart disease
group despite 1ts greater mass was not marked by a significantly
broader waist

In contrast to the t ) d above the
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TABLE Iv-3 Distnibution of ponderal indices mn coronary heart disease group of
97 males and unmatched control group of 146 males

CORONARY GROUP CONTROL GROUF
Ponde alindex No % No “

105-109 [ 00 1 07
11 0-114 4 41 4 27
115119 24 248 29 198
120-124 39 403 46 315
125-129 20 207 47 322
130-134 8 82 13 89
135-139 2 20 4 27
140-144 0 00 2 14

cephalic and nasal indices do not show sigmificant differences These
indices are 1 general of utility in racial analysis rather than n
physique analysis and help to confirm the evidence that the two
groups were relatively sumilar except in the respects noted
Indices are especially indicative of trends, for not being abso
lute measurements they elimmnate differences in absolute size be
tween the two groups Thus the difference m proportion continues
to be evident both centrally and penpherally
EVALUATION OF WEIGHT Because of the attention now given to
the term overweight and the concept of obesity especially as
they might affect the etiology and prognosis of myocardial wnfarc
tion 1t 1s well to review these terms before evaluating the weight
factors 1n the present study
Overweight 1s at best a statistical concept referring to gross
weight 1n excess of some standard selected for companson
Obesity 1s on the other hand a morphological concept
referning to softness corpulence and fatty deposits ( obese ex
cessively corpulent very fat —Websters New Internanional Dic
tionary) Although 1t 15 possible to set objective standards of
obesity so that individual judgments can be valhdated as by the
use of the McCloy fat calipers (McCloy 1936) ordinanly no such
standards are set and the interpretation 1s dependent to a large
degree upon the personal bias of the investigator which 1s 1n turn
a function of his expenience and chentele Despite this objection
to the term the concept of obesity has real pertinence 1 clinical
study for one can view direetly the encompassing fatty deposits
and dccide whether the subject 15 carrying more fat than 1s useful
Ths firsthand evaluation 1s far superior to any table of norms
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The difficulty of rating obesity and the even greater difficulty
of trying to make the rating on the cadaver or from hospital records
rather than directly have led to the practice of making determmna
tions of overweight as a measure of obesity Overweight ratings
may customanly mean (a) any value above an arbitrary norm
(b) some fixed value above a norm or (¢) some fixed percentage
above a norm Furthermore overweight must be considered i
terms of the mdividual and st 15 obvious that the simple word

overweight does not describe physique

McCloy states the same problem *

Thts normal weight must be mnterpreted n terms of the mdividual s
builld The slender hnear type of indvidual 1s and should be lighter
1n wesght for the same height than the stocky lateral type of mdividual
For purposes of predicting what thus normal weight should be some
standards must be devised These will be primarily measurements mvolv
1mg the size of the skeleton both as to dimensions of the thoracic cage
and hups and as to the thickness or coa.rseness of the long bones Only
when the standard weight has been puted from such fund
bases can under and overweight be considered sigmficant enough to be
used m drrecting the hygtenic regimen

The second measurement of nutritional status 1s the relative amount
of fat. The amount of fat underlymg the skin needs to be measured
and a norm or standard found to determune whether or not the fatty
depostts of any given mndividual are greater or less than the optimum
amount Fat also enters mto the problem of under- and overweight but
1t 1s partly a factor to be measured and interpreted separately

The third measurement used 1 nutritional status studees 1s that of
the normal development of muscle This will be considered under two
general headings (1) muscle as 1t makes up the general nutmtional
background of the body and (2) muscle as an organ for strength It

1s well established that 15 one of the factors deter
mmmg adequate weight for any gwen type and the lack of this muscular
5 d with chromsc poor nutrition

Sheldon writes on the problem of differential weight norms +

We do a great unkindness to those trusting people who still believe
in the divimty of the printed word when we allow the usual publications

*C H McCloy Appraiing Physical Status The Selection of Measurements
Unversity of Towa Studies in Child Welfare 1936 pp 33-34 Quoted by perm:s
sion of the publishers

tW H Sheldon § S Stevens and W B Tucker The Variefies of Human
Physique Harper & Bros New York 1940 p 2 6 Quoted by permussion of the
Ppublishers
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sitated a physique rating system marhed by the following £ anrs

1 It would follow the concept of morphologlcal consmunon-;aw
principle that the mdividuals bodily habitus 15 uacha ‘ﬂ
once 1t 1s established  (Williams, 1933}, disungustung &
habtus and nurture

2 It would be age corrected so that age and nutntional f:zt:“‘
would not be confused with constitutional duferences, nor ¥
one age be used as a standard for all ages ¢ ot

3 The mdividual would be rated numertcally and without
to types”

4 The ratings would show useful correlations’

Somatotype method

ch
While the vast majonty of physique rating systels (‘;::olﬂ
mers Violas and others) have employed bipolar of €& e
typologies thus necessitating a few extreme Of pure q:%mmz
alarge mixed category the Sheldoman system of somﬁd deste
makes use of three polar extremes only as durections anm ¢
nates the vasions combinations 1n terms of distance 3108 °
directions and 30Y
To quote Sheldon (1940) Physique 15 2 continuu f the 1%
system of rating must have as its purpose the location O ™ Toe
dividual on the three dunensional spectrum of physia® g that
numerical ratmg system in the Sheldonian method ped 1]
function Thus the rating 1n the Sheldonian sense &% oids '!?;x(wﬂ
though the terminology makes 1t possible to designate ¢ P
of the physique 1n words as well as 1n numbers ressed 1
In this system each individual 15 given a ratng P of ot®
three numbers, each representing the relatre dominonee resets
physique component or direction The highest numbel B pd21}
the dominant component the next hughest number the seCF The
component, and the lowest the least propunent €Om! Pone:md““l
three number rating thus immediately 2ssIgDS the X
fo his position on a tn coordmate physique spectr®
1940 1942 1949 Hooton 1945, 1946 Seltzer
1948 Seltzer and Brouha 1943 Bullen and Hardy 19 o gul
Accordmg to the conventions of the system the it ¢ st
ber for each component ys set at 1 (that 15 each Ccmponc; Thos
be represented to some degree) and the maximum 15 setat
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The difficulty of rating obesity and the even greater difficulty
of trying to make the rating on the cadaver or from hospital records
rather than directly have led to the practice of making determina
tions of overweight as a measure of obesity Overweight ratmgs
may customarily mean (@) any value above an arbitrary norm
(b) some fixed value above a norm or (c) some fixed percentage
above a norm Furthermore overweight must be considered 1n
terms of the individual and 1t 1s obvious that the simple word

overweight does not descibe physique

McCloy states the same problem *

This normal weight must be mterpreted 1o terms of the mdwvdual s
buld The slender limear type of indvidual 15 and should be Lghter
1n weight for the same height than the stocky lateral type of mdividual
For purposes of predicting what this normal weight should be some
standards must be devised These will be pimanly measurements nvolv
g the size of the skeleton both as to dimensions of the thoracic cage
and hups and as to the thickness or coarseness of the long bones Only
when the standard weight has been puted from such
bases can under and overweight be considered sigmificant enough to be
used m directing the hygiemc regumen

The second measurement of nutnitional status is the relative amount
of fat The amount of fat underlymg the skin needs to be measured
and a norm or standard found to determme whether or not the fatty
deposits of any given individual are greater or less than the optmum
amount Fat also enters 1ato the problem of under and overweight but
1t 1s partly a factor to be measured and mterpreted separately

The third measurement used 1n nutnitional status studies 15 that of
the normal development of muscle This will be considered under two
general headmngs (1) muscle as it makes up the gemeral nutntional
background of the body and (2) muscle as an organ for strength It

13 well establ that 15 one of the factors deter
mmmg adequate weight for any ngen type and the lack of this muscular
develop 15 frequently d with chrome poor nutrtion,

Sheldon writes on the problem of differential weight norms +
We do a great unkundness to those trusting people who still believe
m the dvamty of the printed word when we allow the usual publications
*C H McCloy Appraising Physical Status The Selection of Measurements
Unwversity of Iowa Studies 1z Child Welfare 1936 pp 33-34 Quoted by permus
ston of the publishers
W H Sheldon S S Stevens and W B Tucker The Varnefies of Human
Physique Harper & Bros New York, 1940 p 226 Quoted by peroussion of the
publishers
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of height weight age norms to go unexplamed 3t 1s sorrowful to hear
the lament of a [woman] who 15 already 30 pounds overweight, but who
reads daily on the printed .cales that she 15 30 pounds underweight And
the poor fman] who weighs 99 pounds reads with horror that he should
weigh 178 This kind of foolishness gives some of our best people i
ferionty complexes and then they have to be analyzed or sent to church

In order to study the problem of overweight’ we have fol
lowed the method of Levy et al (1946) and have computed the
deviation between a norm (for height and age for each person)
and the actual weight This has been accomplished for the coronary
heart disease group and for the unmatched group of 146 controls
as well

The comparison between the coronaty heart disease patients
and the unmatched controls was also made 1n terms of five year
age groups~—21-25, and so on—with reference to the appropriate
norms Both the coronary heart disease patients and the controls
showed evcessive wesght with reference to the Army norm The
amount of excessive weight vaned from age group to age group
bemg largest m the 26 to 30 year category However the pattern
of excess weight by age group was essentially the same m the
coronary heart disease group and in the unmatched control group
The average deviations from the Army norms were + 19119
pounds and + 185 = 21 pounds respectively (Garn Gertler
Levine and White 1951 )

Such criteria must be based on factors of age sex body build
and height The Army standards of age height and wesght par-
tially fulfill these req and the lting weight norms
can serve as a baseline with which any group or groups may be
compared If two groups have been thus compared with the base
Time 1t 1s then valid to compare them with each other This was
done 1n the present studv with the result that both the coronary
and the unmatched control groups showed approximately the same
degree of overwneight with tespect 1o the Army norms Since the
unmatched controls represented a good cross section of the Amen
can population the Jogical implication 15 that the whole Amencan
male population 1s overweight The unsatisfactory nature of norms
that suggest the deviation of an entire population from normal
3 evident However until more adequate cutena are developed

these norms serve as a vahid basehine for companson of data
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Rating of Physique

As mdicated previously a major problem for consideration
thus study 15 neither weight nor overweight nor even obesity itself
but rather 2 comparison of the physical charactenstics of two groups
to determine whether the differences or sumilarities m weight and
in weight indices may be due to different proportions of constituent
tissues In other words the problem 1s physique rating There are
three possible methods of rating (1) dividing the mdividuals into
discrete typologteal entities or types (2) dividing some single
continuum  such as that of height/cube root of weight into equal
mtervals or (3) employmng a new system forming a continwum

The first or typological classification 1s based on physique ap
praisal with or without the suppl y aid of anthrop 1C
measurements or wmdices kretschmers typologies (1925 1945)
are perhaps the best known example In the system of this Bavarian
clinician there are the following types (a) pykmc (&) athletic
(c) asthemc and (d) mixed The pyhmcs are robust and flond
the asthenics are lmear the athletics are well muscled but hinear
and the muxed category is what 1t imples Thus the system widely
used 1n medical studies presents mdividuals m terms of discrete
categories Its major disadvantage 1s that the mixed group usually
mncludes most ndividuals and the system makes no allowances for
age changes that 1s with advancing years and corpulence more
mdividuals end up 1n the first category at the expense of the athletic
asthenic and muxed categories Willlams wnting m Cowdrys
Arteniosclerosis (1933) asks pertmently whether some observers

have confused the appearance of good murture and obesity with

that of the sthenic habitus

McCloy (1936) and his have analyzed k h s
system (1925 1945) by means of mndices especially the herght/
cube root of weight mndex They find no evidence of bimodality
(which would be true if there were two populations one of
laterals and one of Linears) However although McCloy and his
o workers favor a constitutional apprasal based on the beight/cube
root of weight index they also hold to the 1dea of hinear and lateral
types with this addition—that due attentton and correction should
be made for fat and muscle Willoughby (1932) has devised ideal
weight standards stmilarly based on structure for the adult

It was apparent then that the requirements of this study neces

.
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sitated a physique rating system marked by the following features

1 Tt would follow the concept of morphological constitution— the
prneiple that the indviduals bodily habitus 1s unchangeable
once 1t 15 established (Wilbams 1933) distingwshing between
habitus and nurture

2 It would be age corrected so that age and nutnitional features
would not be confused with constitutional differences nor would
one age be used as a standard for all ages

3 The mndsvidnal would be rated numencally and without reference
to types

4 The ratings would show useful correlations *

Somatotype method

While the vast majority of phvsique rating systems (Kretsch
mers Violas and others) bave employed bipolar or even tripolar
typologtes thus necessitating a few extreme or pure types and
a large ‘mixed category the Sheldoman system of somatotyping
makes use of three polar extremes only as directions and desig
nates the various binations 1 terms of d along the three
directions

To quote Sheldon (1940)  Phvsique 15 a continuum and any
system of rating must have as uts purpose the location of the m
dividual on the three dimensional spectrum of physiqne The
numerical rating system 1 the Sheldonian method performs that
function Thus the ratmg 1 the Sheldonian sense avords typology,
though the termunology makes 1t possible to designate the position
of the physique in words as well as 1n numbers

In this system, each individual 1s given a rating expressed mn
three numbers each representing the relative dominance of one
physique component or direction The highest number represents
the domnant component the next highest number the secondary
component, and the lowest the least promment component The
three number ratng thus smmediately assigns the mdvidual
to s posiion on a tri coordmate physique spectrum (Sheldon
1940 1942 1949 Hooton 1945 1946 Seltzer 1943 1946
1948 Seltzer and Brouha 1943 Bullen and Hardy 1946)

According to the conventions of the system the mimmum num
ber for each component 1s set at 1 (that 15 each component must
be represented to some degree) and the maximum 1s set at 7 Thus
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each of the three numbers m the system may theoretically vary
between 1 and 7 However the components necessarly show inter

correlations such that a change 1n any one component usually shows
a corresponding  but not necessarily equal change 1 one of the
other two (for example 1if one man 1s more muscular than another

he 15 likely to be less linear) The order of components 1t the three

digit numbers 15 always the same endomorphy mesomorphy ecto-
morphy (these may be referred to as the first second and third
components respectively)

The names of the three components are selected to recall the
primary germ layers that are 1 part represented in them though
1t should be stressed that the names are largely mnemonic devices
and should not be taken to imply that a component refers entirely
to a particular germunal layer (Hunt 1949)

Endomorphy 1s the component of softness roundnmess and
smoothness but not necessanly fat An endomorph may be a
rounded smoothed-off individual without being frankly obese
though the extreme endomorph usually becomes obese Diagnostic
features mclude blunt chin neck angle deep round thorax pneu
matic appearance hamming of upper arms juxtaposition of thighs
and (usually) genu valgum small features and anteroposterior
diameters greater than transverse

Mesomorphy 1s the component of musculanity bone mass angu
lanty of outhne and contour A mesomorph has large bones and
Jornts (and 1s thus recognuzed even 1 age} a sharp chua neck angle
adeep thorax good shoulder muscles usually a tnangular shoulder

¢ to lup tapenng 1t both sexes hcavy leg muscles and broad hands
t Even bined with consid: d phy the ph 15
:& still easily distingmshable

Ectomorphy 1s the component of hineanty fragility elongation
The ectomorph has long fingers long toes long parrow hands and
feet along frequently shallow thorax longfemora often a pmched
waist The extreme ectomorph 1s distingwished from the merely
emacated wndividnal by these structural critena

Rating 15 p d from the dardized fully posed
photograph together with height weight data (usin,, a table for
certain age levels) data on the patients health history and pref
erably a view of the subject humself Research somatotyping has
as 1ts purpose the rating of the mdividuals potentral i physique
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and should not be attempted without available medical data This
1s especially important 1n the study of a disease group (such as the
present) where the patients are of varymng ages and where 1t 15
necessary to determine whether these patients have physique factors
1n common

After viewing the standardized photographs and the other data
the dominant component 1s first determined by ispection or (when
difficult) after referral to previously rated photographs Then the
secondary domnance 1s determmed Finally the numerical ratings
are applied Usually when the dominance 15 recognized, its degree
13 immediately apparent This 18 not always the case however the
subject may be a 7 (extreme)} in endomorphy, but the secondary
{mesomorphic) component may require further studv to determine
whetheritisa3ora?2

It will be seen that thus method of rating differs from others
used previonsly by noting not only the direction (domunance)
but also the distance along that direction to which the physique
extends A 7-1-1 and a 4-3-3 are both dommant endomorphs
but the difference 15 major Not always 15 one component clearly
domunant in some cases two components may be about equal, as
in the 5~5-1 the 4~4-2 and others In still other and rarer cases
all three components are about equal or balanced such s the 4—-4-4
a mean but by no means modal physique Typical ratings are

Dominant endomorphs 7~1-1 7-2-1 7-3~1 6-2-2 6-3-1,

5-4-1

Dominant mesomorphs 1-7-1 2~6-2 3~5-3 4-5-1, 2-5-4

Domimant ectomorphs 2-2-6 1-1-7 1-2.7 2-3-5, 2-4-5

Mid ranges 444 44-3 4-3-3 3-3-4 344

‘While the numbers immediately fix the position of the mdividual
on the tri coordmnate somatotype tnangle and it 1s possible to
visualize the approximate location of any physique agamst this
tnangle for convenience 1n speaking and wnting it has been agreed
to employ the principal dominance as a noun and the secondary
modifying dominance as an adjective Hence 1n the latter part of
this chapter we will call a person who has a 4-6-1 physique an
endomorpiuc mesomorph (meaning 2 mesomorph with endo
morphic modification) one who has a 6-4-1 physique a meso
morphic endomorph and so on
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Certain physiques are easy to rate at any age these mclude the
extremes—1-1-7 7-1-1 1-7-1—as well as the other polar phy
siques Other physiques are much more difficult for the mexpen
enced 1o rate at older age levels Tus 1s especially true of the endo
morphic mesomorphs and mesomorphic endomorphs Both are quite

round n the late forties But when one 1s compared with the
other the difference becomes quite apparent it 1s a function of
the strength of the second (mesomorphic) component The meso
morphic endomorph like the domimant endomorph 1s round pneu
matic and we find often a difficult subject for venrpuncture But
the endomorphic ph though p hy 1s high p hed
frequently stll rugged 1n outhne We mcfude examples of the differ
ences between these physique groupmgs * (See below under

Classification by Domimances or Types for other examples of
the coronary heart disease physigues )

The physiques 7-2-1 7-3-) 6-3-3 and the like are fre
quently difficult to distinguish 1o later age groups because they
are 2l fat and the supporting mesomorphy s difficult to assess How
ever 1 our coronary heart disease group such mesopenic endo
morphs are rare

Method used in present study

In the course of this study 1t has been possible to employ not
only the imformation provided by the immediate appearapce of
the individual but also all the valuable data provided by the inter
view the health listory and the information provided on occupa
tion and athletic interests Naturally far more data were obtamed
on the young coronary heart disease patients (who were sub
Jected to an intensive interview) than on the controls However
1n the unmatched control group records were made of the weight
at 21-25 years of age maximum weight occupation and athletic
imnterests therefore the final ratmgs were based on 2 more detaled
knowledge of the individual than s momentary appearance alone
would have provided

PROCEDURE FOR EXAMINATION With the available information
the rating was made 1n the following manner

*On the other hand 1t has been shown by Lasker (1947) that the accurate soma
totyping of starvation cases s difficult Luckily only one of the cases 1n the present
group comes under this heading
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1 The weight and height were taken
2 Anthropometric measurements were made
3 The patient s weight and health mstory were considered
4 Ratings of body configuration were made
5 The somatotype photograph was taken
6 The patient was Lept on the somatotype stand the spot points
were noted and, after palpation of the patient an impression
somatotype was made usually after a concurrence by the two
observers
After the printed photograph was returned, the mmpression s
matotype was corrected, if necessary Thus rarely required shuft
ng of component de and usually d of ad
between two closely related somatotypes eg  3-5-2 and 4-5-2
In the course of this work we learned that some of the mspec
tional critera used by Sheldon (1940) were apphcable to all age
Jevels Most conspicuous of these were
1 Trapezius development
2 Chin neck angle
3 Development of clavicles
4 Biceps and triceps form with the arms 1n the somatotype position
5 Toangular form of the torso (dorsal view)
6 Relative shoulder hup size
7 Sacral angle (back curve)
8 Relative torso-leg length
On the other hand cnitena that applied to  softness of outline
(endomorphy) were Jess applicable m our groups (which were
about twenty years older than lus) except for the somatotype low
n endomorphy
It has been our experience with the impression somatotype that
fairly good ratings of the second (mesomorphic) component are
possible since the general configurations—musculanty of legs
amms shoulders and back-—are all visible and palpable but that
the first (endomorphic) p 15 apt to be 1mated
especially 1n the older male Since a number of the refernng physt
cians were nterested in our rating System we were curious to see
how therr appr:nsnls correlated with our own The only marked
d with phic phs who were
ccmsxdered by them to be ectomorphs probably because they
were more familiar with the typology of Kretschmer (1945)

~r
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TaBLE v—4 Dominant physiques i coronary heart disease group of 97 males and
unmatched control group of 146 males

Coronary group Control group
o o
Endomorphs 257 299
Mesomorphs 422 198
Ectomorphs 73 211
Mid range 175 184
‘Two balanced 73 108

CLASSIFICATION BY DOMINANCES OR TYPES  As a first rough
sorting the mdividual ratings were divided into
1 Dominant endomorphs—6-2—2 6—4-1 5-3-3 and so forth
2 Domimant mesomorphs—2-5-3 4-5-1 2-6-2 and so forth
3 Dommnant ectomorphs—2-4-5 2-3-5 2-2-6 and so forth
4 Mid range physiques—4-4—4 3—4-4 4-4-3 and so forth
5 Two balanced somatotypes—5-5-1 2—4—4 and so forth

This prelimnary sorting was done to see if there was evidence
that major differences ewsted 1n one component It was especrally
important to see whether the coronary heart disease group showed
more endomorphs 1n view of the data presented earlier m this
chapter

As shown 1n Table 4 there was evidence that the coronary heart
disease group and the control group differed m the distribution of
therr dommant components The major differences (see Figures
1 and 2) occurred within the category of domunant endomorphy
the differences between the percentages showmng secondary meso
morphic and ectomorphic components were statistically significant
The percentages falling into the category of endomorphy as a whole
however showed no sigmificant difference

It was noted that the ectomorphs 1n the coronary heart disease
sertes were entirely mesomorphic ectomorphs that 1s well muscled
linear men

To summarize 1 companson with the control group the
coronary heart disease group showed
1 About the same proportion of dommant endomorphs
2 About twice as many domnant mesomorphs
3 Less than half as many dopunant ectomorphs
4 Abont the same proportion of mid range physiques
5 About the same proportion of two balanced physiques
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FIGURES 3-9 SHOW THE VARIETY OF
SOMATOTYPE RATINGS FOUND IN THE
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FIGURES 3—9 SHOW THE VARIETY OF
SOMATOTYPE RATINGS FOUND IN THE
CORONARY HEART DISEASE GROUP
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FIGURES 3-9 SHOW THE VARIETY OF
SOMATOTYPE RATINGS FOUND IN THE
CORONARY HEART DISEASE GROUP
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Figures 3 through 9 illustrate the vartety and range of com
ponent ratings observed 1n the coropary heart disease group

It 15 of some 1nterest to note also the physique of the 3 female
patients who are not mcluded 1 the rest of this discusston Two
women were dominant mesomorphs whose secondary dominance
was endomorphy The thurd was a dominant ectomorph with sec
ondary mesomorphy

DISTRIBUTION OF CORONARY GROUP  As mentioned before phy
sique 15 represented as a three dimensional continuum 1n the so
matotype system The method of dividing the somatotypes into
dommant endomorphs mesomorphs ectomorphs apd mid range
physiques may therefore be musleading for 1t forces more ngid
categorization than is absolutely necessary To the advanced worker
such a fourfold division smacks too strongly of the famuliar ngid
types and the defects of the Kretschmernian system In our present
study we can also see that the arbitrary separation of endomorphic
mesomorphs from mesomorphic endomorphs creates a dichotomy
not found 1n nature Thus the preceding section though illustrative
of the relative frequency of certain physiques mn the contmuum re
quires more careful mterpretation

An alternative method devised by Sheldon which 1s probably
super1or to the fourfold division 1s that of plotting the distribution
of cases directly on the somatotype triangle Here adjacent ponts
are related somatotypes whether the dominances are the same or
not As we mentioned earlier the components are directions and
the equal interval mcrements are distances along these directions
Thus for a two dmmensional surface the three components can be
represented as three equal length vectors and the resultant figure
18 shown fo be a thangle (Sheldon 1940 p 118} Oua this figure
any somatotype can be plotted according to 1is vector positton and
then read

When we plot the 97 young male pattents m the coronary group
we note a clumpimg mn the upper left sector of the trnangle an
absence of peripheral positions and a concentration 1n the meso-
morpluc  sector We see that the distribution of coronary heart
disease cases clumps 1n the massive muscular  northwest corner

In contrast our control group of 146 males shows a more
general distnbution a wider spread and a more equitable division
(though with some degree of skewing)
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SO TOPYPE D STR BUT ON SONATOT #E DISTRISUTION
YOUNG MALE CORON RY PATLENTS 1 CASE COMPAR SON MALES  E ECUTIVES  FLANT GROUP

FIGURE Iv-10 Somatotype distributtons of coromary heart disease group of 97
males and unmatched control group of 146 males The patients showed a marked
deficiency 1n ectomorphy and a deficiency 1n endomorphy The physique dis
tnibution 1n their group was more compact

The distribution m the lower region of the somatotype triangle
15 especially noteworthy while the endomorphs and ectomorphs
with low mesomorphy are well represented mn the control group the
comparable area 1s blank for the coronary heart disease group
(Figure 10)

Summary
There has long been speculation concerning the relation be

tween body build body weight and longevity The trends of thought
on this topic have always been concerned with an association be

tween (a) longevity and leanness and (&) cardiovascular disease
and obesity The defimtions of overweight leanness apd obesity
have not been enturely satisfactory Accordingly this study attempted
to delineate overweight and body build 1 a more defimtive
manner Body weight mn the coronary heart disease group and 1n
the control group was compared with a weight norm for age and
herght computed from Army standards From this comparson 1t
was demonstrated that the coronary heart discase group was not
overneight m relation to the control group By employing the
Sheldon system of physique classification 1t was learned that coro

nary heart disease 1s sigmficantly assoctated with a specific body



APPRAISAL OF PHYSIQUE 59

habitus rather than with body weight These body types were
further delineated by careful anthropometric measurements It was
clearly demonstrated that the endomorphic mesomorph—the fat
muscular person—1s most prone to coronary heart disease wile
the ectomorph—the lean person—is the least prone to coronary
heart disease
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CHAPTER V

Athletic Activity and Occupations

Athletic Activity

A NUMBER of previous mvestigators had reported that athletic hus
tories were common among those who experienced coronary heart
disease early 1n Iife (Levine and Brown 1929 White 1944 New
man 1946) Inorder to elaborate on these reports and to mnvestigate
athletic participation more thoroughly all the coronary patents mn
the study were questioned as to thewr previous athletic activties
Because athletics 15 an mtegral part of the American scene and the
mayority of males have participated n some sport at some time m
therr lives, the mterview was carefully conducted in order to sepa
rate casual players from regular participants mn organrzed athletics

First each man was asked whether he had participated in
athletics durmg grammar school If the reply was afirmative he
was asked what sports bad been jnvolved and to what extent and
whether the teams had been mtramura] or mterscholastic The same
questions were repeated for the period of secondary education
‘The men were asked whether they had been on regular lugh school
teams and whether they had won letters or stmilar awards Those
who had gone to college were queried i a sumlar manner Lastly
the question of 1 or semipr 1 athletics was
brought up

In the event of negative replies the mterviewer attempted to
discover whether the lack of particspation was wnvoluntary or volun
tary Involuntary non participation was recorded when the subjects
schoo! had no athletic programs when he had to work on the farm
or support the family or when non participation was forced by
chronic disease It 18 noteworthy that two men who had not been
allowed to partictpate 1n school athletic programs because of =
history of rheumatie fever later participated extensively m club
and local athletics

3
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TABLE V-1 Athletie records of coronary heart disease group of 97 males

Athienie genvity No of patients o
GRAMMAR SCHOOL
Went to grammar school but not beyond 20 100
highly athletie* 1 prammar school 3 15
not athletic 1 grammar school but athletie
1w later hife < 25
HIGH SCHOOL
Went to hugh school but not beyond 46 100
starred in major athlencst 23 0
starred m minor atbletics 12 26
unable to participate had to work 8 17
vnable to participate poor health 3 7
COLLEGE
Went to college 31 100
starred 1 college major athleticst 5 16
unable to parucipate had to work 2 6

*Partiipated in all the organized sports the school sllowed
Baseball and footbell

The men i the coronary heart disease group were divided mto
three categories () those who did not go beyond grammar school
(b) those who did not Lo beyond high school and (¢} those who
completed college Accordingly the atbletic histones were com
pleted for the highest educational Jevel, that 1s if a man went
through college he was not wncluded 1n erther the high school or
grammar school group The results are tabulated m Table 1

In the hugh school category, 50 per cent starred i major ath
letics thus proportion appears to be unusually ngh in contrast to
the total percentage of boys who received one or more letters 10
football at the high schools attended by many of the coronary heart
disease pattents 1 Providence and Boston In these schools 10 05
per cent from a group of 1 091 recewved letters At Harvard Unr-
versity 6 per cent of the students recenved letters m major sports
a somewhat lower proportion than the 16 per cent 1n the coronary
heart disease group who received letters for major athletics while
attending college

Six-of the total group of 97 p weat on to p
or professional athletics Another was a shilled competitive shaer
Many others remained iterested n athletics after thesr school days
and participated 1n soccer volleybail and other clubor YM CA

sports
Thara to be an between the coronary condt

1
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tron and the athletic particrpation It must not be concluded how
ever, that athletics and coronary heart disease are vausally related
It 15 not to be said that partscipation 1n athletics 1s responsble for
the myocardial mfarction Rather the athletic histones of these
individuals 1s 2 function of their mesomorphy and the large num
ber of ex athletes 1n the series 15 related to the disproportionate
number of mesomorphic wndividuals 1n the sertes In fact the most
athletic individuals m the group did have the highest average meso
morphy score 4 85

Thus 1t may be concluded that (a) among the patients in this
series there appears to be an unusually large proportion with athletic
hustorses as measured by regular participation and awards 1n the
contact sports (baseball and football) as well as m less orgamzed
indvidual sports (shing and soon) (&) the high degree of athletic
Pparttcipation 15 m accord with the pred of phic
individuals m the series and (¢) coronary heart disease and
athletic participation may well be related only through the common
factor of mesomorphy

Occupations
Vartous views are held about the possible relationship of eco
nomre position and occupation to the development of coronary
~ '~rosts These range from the view of Brock Chisholm
disease | renterates the commonly held rdea that diseascs of the

1o managet ., are disproportionately a disabthity of the rich to
frequency ol r1949) and Boas and Donner (1932) who have
observed howe. 1t disease to be surpnsingly frequent among
talents may aug e fact that these groups were Jewish may 1n
tions who are ar, smce 1t 1s known that the disease 15 more
mclude hereditary, population Unfortunately the many con
ances 1 ipid metg, complicated by the fact that the sorting

d that m some studies women are mn
s they are not Moreover racial data

';“5 EP C"";";’y q:;» ccupational groupings are made 1
ogAgs zFisl;.zalnsg 1?;32 ¢ -nof the hand of work mvolved
Crusorm B Soctal medic te (1939) surveyed 3 400 unselected
Gornon W H Buaxp E F chusetts General Hospital and found
wtlite , ™ A';; }i:,:"cl y  -clusion (but not of acute coronary
versely 3 « f‘ds;& 1929 10 private patients as 1o ward patients
we assume thy
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Thus a selection made for the most part on a purely economic basis
gave a highly sigmficant indication Master et al (1939) classified
938 cases of coronary heart disease on the bass of occupation and
concluded that there was no great occupational difference mn nc1
dence However the incidence was somewhat higher 1 the profes
swonal and busmess group than i the total series
Yaters study of a large senes of Army personnel (1948)
showed an association between the pre Army occupation, both
rural and urban and the disease state Qur group did not have the
opportumty to study any individuals with coronary heart disease
selected primarily because they were of rural ongin most of the
pauients were city dwellers
In the present study we have investigated the suggestion that
supervisory personnel are unduly prone to the disorder a sug
gestion that comes not only from Yaters series but also from
Dunbar s work and our own mterview data It was our impression
throughout the mterviews that these patients wanted to succeed m
anything they attempted and furthermore that they were able to
do so
The occupations of the 97 males 1 our series are given 1n
detail in Appendix E (Although 13 men were i the armed forces
at the time of their coronary episodes their pre service occupations
were listed since 1n all but three cases their peacetime activity
other than that of professional soldier ) The distnibution sj0r ath
pations 1s given 1n Table 2 according to the following brocontrast to
I Executive and managenal owner and operator ofpre letters 1n
prise with policy and executive function or otherzoronary heart
with the supervision of the activities of others _ schools 10 05
I P 1 phy lawyer arct andt Harvard Unt
employed and without general managena' furyn major sports
Il Semprofessional specialty salesman medscalt in the coronary

tramned factory techmcian lajor athletics while
IV Skiited machime worker
V Semuskilled h electn to sempre 1
VI Unskilled factory worker 4 competitive shaer

The major distinction 1n thus classificatiosfter thetr school days
(those m charge of others) and Classes II tofther club or YMCA

pations are not at a managenal and direc
poration lawyer with an active staff wouldken the coronary cond:
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1'A!!Lani V-2 Occupational classifications of coronary heart disease growp of 97
males
-

Class No of par ents
I Managerial 42
Il Professtonal 1
HI Semiprofessional 7
IV Skilled 4
V' Semishulled 30
VI Unskilled 3

lawyer without a staff would be 1n Class II A sales manager would
be m Class I a salesman 1n Class IIT

It 15 evident from the table that the coronary heart disease
group 1s not confined to any one occupational class The proportion
of cases falling mto the managenal and executive classes appears
to be very high 42 out of 97 cases (There has long been a clinical
mpression that there 1s a bias 1n this direction ) It 1s unfortunate
that we do not have available for purposes of comparison a sample
of the general male population selected m a manner smular to that
of the coronary heart disease group It 1s belteved that this mordi
nately large mcrease m managenal and executive groups 1s larger
than one sees 1n the general population

Thas analysts points to two tmportant facts (a) coronary heart
disease 1s not confined to any one occupational class and () those
1n managenial and executive posittons do exlubit a relatively high
frequency of appearance m ths series of patients It should be
observed however that factors other than executive and managenal
talents may augment the number of individuals holding such pos:
tions who are among the coronary patients These factors would
mclude hereditary mnfluences hormonal imbalances and disturb
ances 1n lipid metabolism
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CHAPTER VI

Findings on Masculmty

THERE 15 reltable evidence that human hife 1n males 15 more brittle
than 1n females (Clark 1786 quoted 1n Hamilton 1948) and
that mere maleness nfluences unfavorably the resistance of the
orgamsm to disease at all ages’ The selection of males for earlier
denuse 1s not restricted to human berngs alone for sumilar observa
tions have been made on many forms of ammal bfe (Hamilton
1948)

Not only 1s the male selected for demise at an earlier age than
the female but his greater susceptibiity extends to nearly all types
of alments except those of the endocrine system (Hamulton 1948)
This fact 15 remforced by the startling observations that m many
pathological conditions the predisposition of the male 1s over 85
per cent These conditions mclude common baldness thrombo
angutis obliterans hemochromatosis gout jejunal ulcer postopera
tive gastro jejunocolic fistula levcoplakia of the tongue and cancer
of the nferior portion of the oral cavity (Hamilton 1948)

In studies of coronary heart disease 1t which there are no com
phicating features like diabetes xanthomatosis or hypertension
the mcidence of the disease under the age of 40 1s twenty four
times as frequent mn males as i females (Glendy Levine and
White 1938 and present study) This ratio decreases with age
{Gordon et al 1939)

Since coronary thrombosis was not described as a chimcal
entity until 1912 and since accurate diagnosis and recording of
this disease as a cause of death was not done to any rehiable degree
until about 1940 acceptable data which could be of help m com
panng the incidence of coronary heart discase 1 men and women
are not available It1s however the impression of statisticians that
SIS oy onry discase has nereased to a greater extent 1n men

:":Sizmi"ﬂ?:n during the past 16(?] to 20 years (Moore 1953)
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Certain causal relations have been 1ovoled to explan the
ligher incidence of coronary heart disease among males These
etiologreal factors may be divided 1nto three groups (a) physical
differences (b) hormonal differences and (c¢) genetic differences

There are claims that the male temperament environment and
habits require 4 greater expendituse of energy and that this duffer
ence 1n energy output 15 primarly responsible for the hgher e
dence of coronary heart disease among males (Pearl 1931) Such
an assumption based on differences m physical energy alone 13
not supported by evidence Possibly the excess of energy ontput
18 an expression of other factors that would be harmfut mn them
selves even 1If the energy output could be controlied

Similarly not all the attnbutes of maleness that may govern
predisposition to coronary heart disease need be imputed to gonadal
secretions and sex hormones (see Chapter VII) These secretions
mamtain a mghly active state of function :n various ussues with
resultant increase m bodv metabolism and influence (a) male
behavior to some extent (Beach 1948) (b) steroid metabohism
with specific reference to cholesterol (Sayers et al 1943) and
(c) degree of mnumal permeability However there 1s no definite
evidence that the androgens exert any specific deletersous action
on the coronary arteries

In some individuals a relative change 1n certain charactenstics
such as degree of aggressiveness submissnveness and docility does
occur with the amount of androgenc material avadable Thus C
C Hawke reports 90 male castrates studied 1n hansas who were
ongmally docle agreeable submussive and cooperative became
recalcitrant  disagreeable ntractable and uncooperatne as the
dailv dose of testosterone was increased

The genetic mfluence 1s considered mn greater detait i Chapter
T It 1s sufficient to say here that the hereditary aspect probably
mncludes addiional factors which may be (a) autosomal, (b) auto
somal but hormonally mediated or (c) autosomal combined with
other sex linked factors that may or may not be hormonally
mediated The differentiation between sex linked and hormonally

diated disorders 15 difficult to determine and coronary
heart disease may be one of these borderline conditions Thus
the genotypes that govern predisposition to coronary hear

may be suppressed by gynogeme hormenes and evokesnary condi
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gemc hormones The Kansas study referred to above of 90 males
who were castrated at ages varymg from prepuberty to middle age
may shed light on the male predisposttion to coronary heart disease
for these castrates are males genetically but not hormonally

and F C

In evaluating masculine and femmine characteristics one could
employ several lmes of study such as psychological responses
physical characteristics hormonal assays and others For practical
purposes however none of these charactenistics will produce a
clear cut separation of the sexes even though the hormonal aspects
of masculimity and femuumty are faly well established (see
Chapter VII) and anthropologists have shown certam physical
differences to exust between males and females—body build vorce
harr distribution and pelvic measurements

The psychological characteristics of men and women overlap
to a very large extent Although 1t 15 undoubtedly true that the
traits of both sexes are infl d by physical diff 1t has
not been proved conclusively that any charactensstic 15 wholly
mnate unmfluenced by tramnmg and environment So complex are
the interrelations between brological and environmental factors that
1t 1s mmpossible mn the hght of present knowledge at least to say
more than that men and women m our culture respond 1n certain
general ways with statistical consistency (see Appendix A) Thus

men do react more ly with aggr and women
with docility but how far through inate or acquired responses we
cannot say

When 1t comes to definttely acqmred charactenstics the dis
tinction between the sexes becomes less and less apparent Thus
love of fine art and music 1s a common meeting ground enjoyment
of books dealing with intellectual mnterests rather than with ad
venture or homemaking 1s 2 mutual expenence

In an effort to provide some sort of rating scale for psychologt
cal differences exibited by men and women without attempting
to evaluate the of the traits led Terman and Miles
(1936) devised a test which 1s useful in determiming to what extent
an individual fits the typrcally masculine or femimne pattern of our

~udlCe 4 the coronary patients and their matched controls

versely 3 ooh oo part of this study
we assume thy
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Terman Miles test

The test 15 divided 1nto parts A and B * each of which contawns
seven sections Lach section contamns questions word associations
or other types of data that are considered to distingussh the typically
masculine or feminine characteristics of an individual of ether sex
The typically masculine elements are scored as plus the feminne as
mmus and neuter aszero [he average scores for male college ath
letes and engineers as studied by Terman and Mules are -+ 92 and
-+ 77 respectively while average scores for dressmalers and grade
school guls are — 104 and — 95 respectnely Women holdimg
MD and PhD degrees scored an average of — 34 The seven
exercises of the Terman Miles test are

1 Quadruple choice word associations

2 Tok blot associations

3 Information test

4 Emotional and ethical responses

5 Interests hikes and dishikes

6 Personages and opions

7 Introvertive responses

RISULTS The average scores obtmned by 70 of the 97 males
1 the coronary heart disease group and by a matched control group
of 70 males are summarized 1n Table 1

The coronary patient group scored significantly less (15 pomts
lower) on the average for all seven exercises than did the matched
control group In the individual exercises the coronary disease
group scored Iy less i E 3 and 6 Exercise 3 15
the general information test a multiple choice questionnare catling
for an exact knowledge of fact that 1s dependent upon the experience
and mterests of the subject The test revealed that the coronary heart
disease patients as a group were somewhat less aggressive, ad
venturous enterprising and self assertive than the control group
They were actively sympathetic and concerned with domestic affawrs
art and Iterature Exercise 6 has two sections one calling for ex
pression of attitude toward selected istorical personages and the
other for judgment concerning the truth or falsity of certamn state-
ments Generally spealing 1t may be stated that in prefernng

*Usually the average sum of the scores on test A and test Bas ¢
the final scors But this 13 Dot necessary since either test slon ary condi
Test A was employed throughout this study
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TABLE vi-1 Mean scores on Terman Mtles test made by coronary heart diseas
group and matched control group each of 70 males*

Exer No of Coronary group No of Control g oup
cise cases mean +3E cases mean + SE
1 70 — 53+10 70 — 7609
2 70 + 0203 70 — 603
3 70 — 0412 70 + 9406t
4 70 +266+28 70 +332218
5 70 +139+18 70 +125x15
6 70 + 14x10 70 + 5406t
7 70 + 04+07 70 — 10x05
TOTAL 70 436047 70 +512x28t

*27 tests i ea h group were not completed for diverse reasons
FSumuficantly greater

famous women unfortunate people and philanthropists rather than
successful generals sports heroes and defiers of convention and
by thus favoring kmdly sentiments that made allowances for dis
abilities such as their own our coronary patients agam showed a
more typically female pattern

INTERPRETATION These results may appear to be surprsing
m view of the fact that many of the coronary patients have been
described as tending to be hard driving and determined to succeed
The apparent contradiction however has several possible explana
tions The very fact that these men were able to push through to
success in therr enterprises may well have put them 1 a position
to parfictpate increasingly in the more cultural aspects of our so
ciety thereby modifymg their interests and attitudes i the direction
considered more typically fermmne Furthermore at the time of
testing most of the patients had experienced some degree of m
validism whueh m tself might lead to the adoption of mare sym
pathetic attitndes and more sedentary and intellectual interests

One may senously question \vhether the charactensucs usually

d with psychol 1 or fi

the susceptibility of the indrvidual to coronary heart dxsease Even
though we have found that the typical patient ongmnally showed
masculine tratts that were later modified toward the femmne can
we assume that mn general overt charactenstics of masculinity mn
2 healthy male are indicative of covert charactenistics which may
enhance his susceptibility to coronary heart disease? And con
versely 1f a healthy male shows overt feminine charactenstics can
we assume that these are md of covert ch 1stics which




72 CHAPTER VI

may confer protection agamnst the disease? Hamulton (1948) has
stated that he avoids the often tempting but nawve tendency to
ascribe all conditions associated with one sex solely to the tempera

ments habits or envir ts of the bers of that sex  How

ever whether or not such charactenistics as aggressiveness boldness

and love of adventure are causally related to coronary heart disease

they may possibly be expressions of some hormonal factor that may
be linked mtimately with the etiology of the disease

Relation of Morphological Findings to Aging and Mascoluuty

There were a number of suggestions that the young male prone
to coronary heart disease mught show (a) charactenstics of pre
mature aging or () excessive development of masculine character
1Stics O excessive response to androgenic stimuli In the first case
the assumption was that coronary heart disease 1s a concomitant
of age and that therefore the individual who shows this condition
at an unusually early age must be prematurely aged The second
hypothess 1s based on the known disproportionate rauo of males

* to females with coronary heart disease at this age level and it was

suggested that since coronary heart disease 13 masculine  those
who have 1t earltest are ¢pso facto more masculine Both questions
could be mvestigated by analyzing morphological findings Were
the first suggestion true—that the young patients i our seres were
prematurely aged—we could anticipate excessive balding excessive
graying and other concomutants of age such as arcus senilis tem
poral arteniis and calcification of the aorta If the second were
true—that the patients showed unusual responses to androgenic
stimuli or produced unusual amounts of androgenic substances—we
could anticipate excessive development of body hair musculature
and so forth and a mimmum of gynandromorphic characteristics
Accordingly the following charactenstics were rated
1 Hair graying balding, and body har
2 Body form size of gemtaha gynandromorphy pectoral develop

ment thigh interspace knee interspace hup roundness waist

cunvature and pectoral development

Rating methods and results
scALP mATR Each of the items (see Figure 1 and Table 2) was
rated separately on a 5 point scale ranging from a mimmum of zero
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FIGURE vi-1 Hair yanog five degrees of graywg (fop) frontal batding (center
and togsorsal balding (befow)

TABLE VI-2 Hair ratng

ttem Rating Deseriprion

no graying or a few gray hars
totally or mearly wfute

no frontal notch balding

frontal notch balding

entarged motch recession

near complete frontal

total frontal balding

no tonsonal balding

thinness aver occipseal whorl
defimte aircle balding

enfarged circle baldimg

tonsorial Hippocraue fringe™
Combrned balding 0-8 Total of frontal 2od tonsonal ratings

Harr grayg o4
Frontal balding 04

Toasortal balding =3

AUNRNOLAW Jmoho
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TABLE VI~3 Percentage of coronary heast disease group of 97 males z2nd of un
matched controt group of 146 males whose har rating was 1 or fnore

Coronary group  Control group
s -

Graying 40 45
Frontal baldng 95 95
Tonsoral balding 44 41
Cominzed baldimg 95 95

to a maumum of 4 Certamn items—total balding total har, and
total areas—are totals of others and thus may have more pomts
on the scale

Although the rating method 35 admuttedly subjectave the use
of a 5 pomnt system proved satisfactory and ghly reproducible
Certain ratings such as a zero or a 1 or a 4 m frontal balding can
be made by any observer without previous practice {see Figure 1
and Table 2) the majonty of the ratings showed igh correlations
between the two observers (Gam 195%)

As Table 3 shows there was no evidence of mcreased graying
in the coronary group The chi square test mdicated no differ
ence n the distnbution of graying Frontal balding tonsonal bald
g and combined baldsng showed no significant differences Hence
there was no evidence that the young coronary disease population
was either grayer or balder or more prematurely aged 1w these
respects

B0DY HAIR The rating employed for body har 1s given in
Table 4 Agan 2 5 point scale was used

In general findings revealed the body hair of the young coro
nary heart disease group was shghtly greater than that of the un
matched control group but thus diff was not n
most of the regions exammed In certamn regions (thoracie lower
arrn upper arm thigh leg sacral and upper back) the greater
hainness of the coronary heart disease group almost attasned sta
tistical significance by the chi square test Analysis of midphalangeal
hair patterns showed more ndividuals 1 the coronary than m the
control group who (a} had no such bawr (45 3 per cent versus 37 7
per cent) and (b) had more hair on the fourth finger alone {189
per cent versus 12 3 per cent) By and large however these facts
merely reflect a greater percentage of Mediterranean peoples 1 the
coronary group (Bernstesn and Burke 1942)
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TABLE VI-4 Body har rating

75

Item

Description

Beard

Abdomnal

Thoracic

Lower leg arm

Upper leg arm

Gluteal

Sacral

Lower back
Upper back
Midphalangeal
Total haxr
Total areas

BUE O AUNRO LWL O RLUNED BWNMO AW D AW -

absent

mustache chin beard

mustache chin beard cheek beard
mmstache chin beard cheek beard (heavy)
extends to intraorbital region
absent

Linea alba triangle

spread

over rectus to costal angle

coverng rectus obliques to sides
absent

circunt areola or sternal

spread over chest nearly to deltonds

axilla
total fo dultords and axilla

absent

over dorsal aspects only

spread lightly

dorsal same ventral hands

total all aspects feet and hands
absent

shght dorsal

marked development

nearly to hups shoulders

total coverage to deltoids and gluteal region
absent

anal cleft

extended

skim nearly covered

total dense

absent

few haurs.

marked

marked tnangle

dense

same ratiogs as for Sacral

same raungs as for Sacral
mdrvidual fingers noted

total of all above Fatings (0-40)

no of areas rated 1 or more (0-10)
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TABLE Vi-5 Body har in coronary heart disease group of 97 males and un
matched control group of 146 males

CORONARY GPOUP CONTROL GROVP Differ  Sgmf Ch
Mean £ SE Wod Mean .SE  Mode ence  cance  sguare

Total of bady

haic rattngs 1280 7 12 11307 R 10 4150 t5ns ¢
No «of areas

wmwh hhar

was observedt 690 % 2 6 6102 6 + 80 28

Nt —Not significant
*Sgrufieant
4Beard abdomunal thoracie lower srm, upper arm thugh leg, gluteal sacral, Jower
back, and upper back.
When the scores for all ten areas were totaled the average was
12 80 for the coronary heart disease group and 11 30 for the un
matched controls (see Table 5) The difference 15 suggestne but
not clearly sigmficant
Of the ten areas exammed the average number scoring 1 or
more 1 the coronary heart discase group was 69 and for the
control group 61 Apgun the difference was suggestive but not
clearly significant
BsopyY rorM In distinction to the ratng of hair, the character
1shics of body form were rated on a 4 pomt scale

TAME Vi-6 Body form ratng

ltem Des ripeon
Gynandromorphic 1ndet Feminoid appearance in gene al configuraions
Texture wdex (See Sheldon 1940}
Ttugh interspace Degree of thngh juxtaposibon
1 no space
4 manumum $pace
hanee interspace 1 nospace
4 maximum space
Hip youndness 1 parrow or straight hups
4 broad roung hips
Waisy curvalure Tncurvaton of wast
1 mmmum
4 maximum
Pectoral development Fatty development over pecioral regon
1 no fatty devefopment
- 2 shght softaess

3 mammasy development
4 disunct breast formation




FINDINGS ON MASCULINITY 77

There were a number of diff m detailed morpholog;
characteristics between the coropary heart disease group and the
unmatched control group but these differences which appeared
to be spotty and form no regular pattern tended to be explamned as
partial functions of the somatotype

In the broader aspects of body form significant differences be
tween the two groups were found in the following vanables texture
index thigh mterspace knee mterspace hip roundness waist curva
ture and pectoral development These findings are summanzed
Table 7

The coronary heart disease patients were found to have shightly
finer texture and shghtly rounder lups The shight excess of hip
toundness they displayed may be explawted by the marked defi
ciency in ectomorphy and the excess of endomorphic mesomorphy
m the coronary group

Smlarly the lower degree of ectomorphy 1n the coronary heart
disease group can account for less knee and thigh interspace as
compared with the control group It 1s the ectomorph and the meso-
morphic ectomorph who have the cowboy legs

The ncreased mesomorphy 1n the coronary group apparently
also resulted 1 Iess waist curvature than was shown by the control
group

Hence the following differences may be attributed to hugher
mesomorphy 1n the coronary heart disease group (a) less thigh
wterspace (&) less knee wnterspace (c) more hup roundness and
(d} less waist curvature

Taste vi-7 Body form 1 coronary group of 97 males and mnmatched control
group of 146 males

Coronary g oup Cont ol g oup
mean = S.E mean + SE
Gynandromorphi  mdex 129+ 07 119+ 04ns
Tevture mdex 226+ 10 201 = 06*
Thigh nterspace 143 = 11 176+ 07
Kaee imterspace 14l 11 21.= 07t
Hip roundness 138> 08 117 04
Waist curvature 77x 09 110+ 03t
Pectoral devtlopment 95+ 08 137 = o5t

N's—Not sigrificent.
Siguficant.
tiighly s pruficant.
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Summary

Why 15 the male more prone to coronary heart disease? Does
masculimtv predispose toward the disease” If so, how 15 masculinty
to be assessed? The problem 15 compl d by the of
choosing charactenstics which will permut comparison of discern
1ble degrees of difference Is the appraisal to deal with hormonal
mahkeup that 15 the excess of testosterone i the male? Can the
evaluation be based on body buid”? Or can masculinity be meas
ured 1n psychological terms by determimng differences 1 attitudes?
These questions were considered in making our study No definitive
answers emerged but several findings are noteworthy

In relation to hormonal makeup there was no evidence that
excessive androgens predispose toward or produce coronary heart
disease

In morphological makeup the study ndicated the coronary
patients were more masculine than the controls

Psychologically the coronary group showed atutudes that ate
considered more typically femmne than those of the contro! group
A possible explanation for the apparent confuct of this finding
with the mascohmty of physique 15 that both the cultural milieun
mto which the typical drive of these men may take them and the
physical spactiity enforced by thewr iliness may modify their out
look 1n 2 more cultural and svmpathetic direction

Thus 1t may be suggested that the coronary mndwvidual studsed
m thys group 1s a male with a lagh component of physical mas
cuhmty that 1s probably due to inhertted characteristics but whose
mentaf attitudes are tempered exher by illness or by the accultura
tion to which he 1s exposed by virtue of ks daving psychiological
makeup
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CHAPTER VI
Endocrme Findings

THE hormonal aspects of masculnity have been the subject of broad
and ntenstve studies by Allen (1934) Hamilion (1948) and
others The present study at first aimed smply to assess the hor
monal aspect of masculumty by a survey of urmary 17 Letosterord
excretion Althongh this was known to provide 2 very crude est
mate of androgenic activity 1t was beheved that any deviation from
the expected norm 1 the amount of daily excretion might suggest
a parallel change 1 androgenic secretion by the adrenals and the
testes This 1s discussed at greater length later i the chapter

In addiion however another aspect of hormonal appraisal
was carried out determination of thyroid status This was appraised
by means of (a) basal metabolic rate (k) radioactive sodine uninary
excretton and {¢) various serum Iipid interrelations Since coronary
heart disease 15 more common 1n mdividuals with hypercholestero
lema and since hypercholesterolemia and hypothyrowdism are often
associated 1t was decided to determune the degree and extent of
thyroud nfluence on this elevated level of serum cholesterol

17 Ketosteronds

The measurement of androgenic and estrogenic material by
biologeal tests 15 not sufficiently specific to be entirely satistactory
(Fraser et a1 1941) Howeser this difficulty was partially over
come by Callows modification of the Zimmerman techmque of
deterrmining 17 hetosteroids Tt should be emphasized that not ali
androgens are chromogeme and conversely, not all chromogene
matenals possess androgentc activity For example etiocholane 17
one 3c ol 1s a 17 ketosteroxd but not an androgen while testos

terone 15 an androgen but not a 17 k d The chr
reaction and hence ct 1 specificity of the 17 X ds de
pug (CH CO) an

pends upon a property of the g
20
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active methylene group on the carbon at positton 17 of the steroid
nucleus namely the ability to produce m the presence of meta
dinitrobenzene a red color which may be analyzed quantitatively
by the use of a photoelectric colormmeter with a green filter having
a maxumal transmission at 5120 A

The 17 ketosteroids (sterone) are part of the metabolic prod
ucts of both the adrenal and testicular glandular secretions excreted
1 the urme The values considered normal for male adults vary
from 6 mg to 22 mg of sterone per 24 hour unnary excretion
while the values for females are lower (5 mg to 15 mg of sterone
per 24 hour urmary excretion) The most difficult problems 1n this
determination today are (a) fractionation of all the steroids ex
creted mn the urine that possess androgenic actvity and (5) differ
entiation of the amounts of androgens excreted by the adremal
cortex and by the testes

No attempt was made m ths study to fractionate the urine
euther into androgemc materzal or the alpha and beta ketosteroids
as has been done by Salter et al (1946) or Hapulton and Hamilton
(1948) Accordingly this study will give no msight into the adrenal
as compared with the testicular contribution of the 17 ketosteroid
excretion

The values of the urmary sterone of 87 males who had expent
enced coronary heart disease are Iisted iz Table 1 The nfluence of
chronic debility on 17 ketosteroid excretson 1n the coronary heart
disease patients 1s probably not an important factor since these
patients are not debibitated n the usual sense of the word and
are not the usual chrontcally 11l type Although they have expen
enced an 1illness they have made a good recovery so far as muscle
tonus and general physical welfare are concerned (Barrabee 1950)
The sterone excretion 1n the coronary heart disease group 1n Tables
1 and 2 and Figure 1 1s compared with that of a healthy group
compiled by Dr Fuller Albnght and Dr Anne P Forbes in the
Massachusetts General Hospital These controls were laboratory
assistants physictans normal sofdiers and several members of the
mantenance staff of the hospital The data are comparable with
ours the determinations having been made by the same laboratory
The average age of the 87 men 1n the coronary group who had
17 Letosterord deternunations was 36 4 years and of the 50 1n
Albnight and Forbes control group 28 4 years
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From the data included 1n Table 1 1t 1s 1nteresting to note that
the difference between the mean 24 hour unnary sterone excretion
of the coronary group and that of the control group s not sigmfi
cant 1n spite of the difference of approximately ten years i1n average
age If the data for the coronary heart disease group were corrected
for age using the mformation 1 Table 2 the difference between
the means would be even less

Relation to age

There 15 evidence to suggest that the 17 ketosterord urinary
excretion begins to decrease at the age of 30 (Hamilton and Hamil
ton 1948 Venming and Kazmin 1946) Furthermore Hamulton
and Hamlton state *

The major part of this dechne 13 due to a loss of alpha ketosteroids
which accounts 1n general for over 90 per cent of the total quantity of
unnaty ketosteroids The curve of decrease in alpha ketosteroids paral
Iels closely that for the total output of ketosterowds

Qur resuits shown in Table 2 are consonant with these ob
servations there 18 a sigmficant decrease 1n 17 hetosteroid excretion
during the course of the fourth and fifth decades

Relation to other varniables

The 17 ketosteroids are closely mnvolved with many other var
ables 1n the human orgamism both 1n the normal and 1n the diseased
state (Dobriner et al  1948) It seemed advisable to establish 1f
possible the relations of the unnary ketosteroids to other varables
examined dunng the course of this study The correlation coeffi
clents ranged from — 19 to 4 19 None were statistically sigmifi
cant They mcluded correlations between 17 hetosteroids and age
height weight ponderal index endomorphy mesomorphy ecto
morphy urnc acd phosphohpxds cholesterol basal metabolic rate
and g d phy Those approact fi were age
{— 19 = 11), basal metabolic rate (+ 19 11) and gyn
andromorphy (— 19 %= 11)

The correlation between 24 hour urmnary 17 ketosterond excre
tion and endomorphy mesomorphy and ectomorphy was further
investigated by companng the 24 hour urmary sterone excretions

#Howard B Harmlton and James B Hamuton “Ageing in Apparendy Normal
Men™ J Clin Endocrinol 8 451 1948
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TABLE VII-1 24 hour unnary sterone excreuon 1n coronary heart disease group of
87 males* and control group of 50 healthy males (Albnght and Forbes senes)

Sterone
mt Co onary g oup Cont ol group
Mo No

2 1 0

3 4 0

4 5 1

5 5 3

6 4 3

7 6 2

8 8 7

9 13 7

10 10 5

11 9 5

12 8 3

13 3 3

14 1 3

15 1 2

16 2 3

17 3 2

18 1 0

19 1 0

20 1 0

21 1 1

Ste one mg Sterone mg

Mean 99 11
Standard deviation 42 37
Range 24210 49-216
Standard error 044 054

Urmary excretion of sterone was Dot measured m 10 male patients
‘tAmounts are given to the last whole milligram,

TABLE vn-2 24 hour unnary sterone ex-retion by ape decades in coronary heart
disease group of 87 males  and control group of SO bealthy males (Albright and

Forbes series)

Az STERONE, MG
decade No of cases Ran ¢ Mean = SE
2029 Coronary 6 39-185 115236

Control 27 54216 122085

30-39 Coronary 49 41-210 107057

Control 19 49-196 1611
4049 Coronary 32 24150 86056
Control 4 56-185 112190

Unnary excreton of sterone was not measured 1 10 male patients.
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TASLE VI3 24-hour unnary sterone excretion by physiqte m coronary heart
disease group of 87 males*

Predomnant No of Ste one mg
Physque cases man o+ SE
Endomorphy 21 9982095
Mesomorphy 39 1056 = 066
Ectomorphy 8 888135
Mid range 19 9255077

Unnary escretion of sterone was not measured 1 10 male patients

for the individuals 1n these three classifications However as might
be anfictpated from the other correlations no significant dufferences
were found The exact values are listed 1 Table 3

Relation to death 1n coronary patients

‘The values of urmary 17 ketosteroids were obtamned 1 9 men
and 1 woman approximately two to four months prior to thewr deaths
The woman patient had a 24 hour 17 ketosteroid excretion of 2 2
mg The values for the 9 men are listed 1z Table 4 (see also
Frgure 1)

It 15 noteworthy that m the coronary heart disease group the
difference between the means of the surviving males (101 == 42)
and of the males who died (7 68 =+ 1 02) 15 just barely significant
The decrease m 17 ketosteroids 15 1oteresting and ments further

The exact h of this decrease will be unknown
until better methods are available for distinguishing whether the
components of the 17 ketosteroud fraction are adrenal or testicular
1 origm

TABLE vII-4 24-hour unpary sterone excretion of 9 males who died from coronary
heart disease

Case o Ste one mg
17 125
31 78
38 39
47 73
49 ns
63 41
64 58
69 93
7 66

Mean = SE. 763102
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Summary

The average 24 hour unnary sterone excretion in 87 young coro
nary patients was found to be lower anthmetically but not to a statis
tically sigmficant degree, than that of 50 healthy controls who were
on the average ten years younger the means and standard errors
being 99 = 044 mg per cent and 1112054 mg per cent
This fact 15 interesting m that one would expect a sigmficantly
lower 24 hour sterone excretion 1n the coronaty group on the
basis of age alone for 1t 15 fairly well accepted that sterone excre
tion decreases with age On the other hand, if any true alteration
1n sterone excretion accompanied coronary heart disease the aver
age differences would be even greater with the coronary heart dis
edse group showing an even lower daily sterone excretion This
point should not be dismissed hghtly m pite of the age difference
between the groups the average dailv sterone excretion of both
groups was nearly the same

Those m the coronary group who died revealed a lower mean
daily sterone excretion than those who were Iiving at the time of
this apprassal 768 == 102 (p=005) asaganst 101 = 42mg
per cent

These findings may be of some value 1n providing an objective
basis for the assessment of the status of the patient following a
myocardial infarction If these data are substantiated by further
follow up and study the method may prove to be much more ob
jective and useful than any now employed A routmme pemodic
survev of 24 hour urnnary sterone excretion would enable the
phvsician to follow changes in the excretion pattern and if it
showed a perceptible decrease then it theoretically should be pos
stble to mstitute replacement therapy even if the classical ommous
symptoms of coronary heart disease were not apparent

The ntetrelations between daily unnary sterone excretion and
other attributes such as age basal metabolic rate various physical
components and biochemical vaniables were found to be statistically
nsignuficant on the basis of coefficient correlation data although
certamn coefficients of correlation approached significance namely
those of age gynandromorphy and basal metabolic rate which
were found to be — 19 = 11 — 19% 11, and + 19 11

respectively
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Thyroid Functron

There has been Ittle published in medical Iiterature concern
ing the thyrord status m coronary heart disease Blumgart et al
(1933 1950) have attempted to produce a state of hypothyroidism
by means of total ablation or radtoactive 1odme 1n order to 1m
prove the cardiac status in coromary or myocardial insufficiency
by decreasing the cardiac output and hence the work of the heart
In 1946 T Lerman and P D Wihte suggested that the thyrord
status of coronary heart disease patients under the age of 40 tends
generally to be m the dtrection of a low basal metabolic rate Since
therr sertes was small and further tests confirming this wnttial 1m
presston were desired by Lerman and White addittonal studies
on the thyroid aspects of coronary heart disease were mcorporated
1n the present general study Starr et al (1934) studied 8 patients
(3 of whom were females all i the seventh decade) but their
sertes 15 also too small to ment evaluation

The thyrord status may be gauged by means of various tests
The question of which 15 the best test has not been answered clearly
Probably Means (1948) has best epitomrzed the situation *

To say that any one of these procedures s better or worse than an
other as an index of thyroxd functron 1s meaningless They measure
different thungs Each throws hight on thyroid functton but from different
angles

ansal metabolic rate may be said to be an mdex of the total impact
of thyroid hormone upon all its end-organs Level of protem bound
10dme 13 an expression of thyroid hormone concentration m the blood
Uptake of Jabeled 10dmne 1s an index of the thyroid gland s avidity for
that element
The values of the blood lipid levels in hypothyrodism and
hyperthyrordism have been the subject of discussion for many years
In general 1t 1s stated that serum cholesterol nses during hypothy
roidism and decreases during hyperthyroidism (Mason et al
1930) However the observation on this point by Peters and Man
(1943) 1§ noteworthy They accept but modify Mason's dictum
Although cholesterol nises when the thyrord gland 1s removed and

J H Means The Thyroid and Irs Diseases 2nded J B Liprncott Co Phila

delphia 1948 p 167 Quoted by permussion of the publishers
1Joha P Peters and Evelyn B Man *The Interrelabions of Serum Lipids ta

Patients with Thyroid Disease ™ J Chn Imest .2 719 Sept, 1943
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falls when active thyroid preparations are given normal concentrations
of cholesterol may be found m the serum of patients with hyperthy-
roidism or with thyroid deficiency because the level to which cholesterol
falls or nises with these disorders is roughly related to the normal cho
lesterol concentration of the affected subject

An excellent work on the mterrelation of the Lipids n hyper
thyroidism and hvpothvroidism 1s that of Foldes and Murphy
(1946) In general they confirmed Masons observations and ex
tended them to include other liptds Thus plasma cholesterol cho
lesterol esters and phospholipids were found to be significantly
ncreased 1n hypothyroidism The cholesterol esters/total cholesterol
and total cholesterol/lipid phosphorus ratios were sigmficantly in
creased In hyperthyrowdism these changes were not so constant or
significant The plasma phospholipids were decreased significantly,
cholesterol and cholesterol esters were decreased absolutely

This study has adopted Means principle 1n assessing thyroid
function namely the use of multiple tests of which the following
were employed basal metabolic rate radioactive 10dine unnary
excretion and serum lipad constituents mcluding serum cholesterol
(total and esters) serum hipid phosphorus total cholesterol/liptd
phosphorus ratio and cholesterol esters/total cholesterol ratio (dis
cussed 1n Chapter VIII) The use of the lipids as an index of
thyroid activity 1s open to question for 1t 1s not known whether the
changes 1n serum lipids are solely charactenistic of individuals prone
to coronary heart disease or whether they are 1n part the result of
change 1 thyroid function For these reasons less reliance was
placed on the serum lipids than on the basal metabolic rate and
radioactive 10dne excretion

Basal metabolic rate

The basal metabohe rate was obtamed 1n 87 coronary patients
on the morming after admission to the hospital Thus all rates were
determined under the most favorable conditions using standardized
procedure 1n the metabolic Jaboratory at the Massachusetts General
Hospatal

Table 5 shows the percentages by which the basal metabolic
rates of the 87 patients vaned from a standard mean

The mean basal metabolic rate 1n the coronary heart disease
Broup1s certainly shown to vary on the low side of accepted normal
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TABLE V-5 Percentage of vanation from standard mean basal metabolic rate 1
coronary heart disease group of 87 males*

Percentage of No of

ar ation panents
—30 to —26 4
—25 to —21 1
—20 to —16 14
—15t0 —11 20
—10to — 6 17
— Sto— 1 14
+ o+ 5 4
+ 610+ 10 2
+11 10 +15 1

Mean + standard error — 12+ 9
Range —30 to +12

In 10 males and 3 females the basal metabolic rate record was unsatisfactory or 1
complete

values for the general population It 15 possible for a low metabolic
rate to result from (a) depressed secretion of the thyroid gland
(thyroun) (b) depressed secretion of thyrotropic or other endo
crme hormones or (¢) failure of the end organs 1n either the body
or the thyroid to respond to thyroun or to thyrotropic hormone
respectively It must be considered however whether the Iow
values recorded for the coronary group actually reflect a low meta

bolic rate or are the result of the method of calculation The basal
metabolic rate—the amount of energy expended under basal con

drtions—1s expressed 1n terms of body heat as measured by oxygen
consumption 1in relation to time and to surface area The standards
of oxygen consumption agamst which individual rates are meas

ured have been determmed empinically taking into account the
variables of age sex and surface arez i a Iimted nvmber of
normal persons Of these variables the major one 1s surface area

to which there are several theoretical objections Since surface area
1s computed from hetght and weight there 1s bound to be some
error especially m the shortest and tallest individuals whose
weight 15 often out of proportion to their height This fact has a
beanng on our data for m the coronary heart disease group heght
was significantly Jess and lateral measurements were greater than
n the general population (see Chapter IV) resulting mn weight
disproportionate to height We believe therefore that the vanation
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of — 12 per cent from the standard basal metabolic rate shown
by these patients may be normal for thewr type of physique

The coefficients of correlation between basal metabolic rate
and vanables such as unc acid unnary 17 ketosterowds, and
vartous lipwds ranged from + 09 to ++ 19 none were statisically
sigmficant ‘The coefficients of correlation between basal metabolic
rate and age and wesght were — 10 and — 16 respechvely, also
not sigmficant

Radtoactive iodine

As stated previously the uptahe of adminstered radiwactive
wodine measures the avidity of the thyrord gland for 1odine Hertz
Roberts and Evans (1938) showed that fabeled 1odime 1s con
centrated by the thyroid 1n amounts many times greater than by any
other tissue of the body Tlss principle has been extended to the
study of abnormal thyrord physiology and, speerfically to the
hyperthvroid ard hypothvrord states

Essentially the techmque adopted m the M; husetts General
Hospital and employed m the study of 21 of our patients 15 as
follows The patient 15 given 160 cc of a solunon contammg 106
microcurtes of radioacttve wodine 131 (half Iife 8 days) and 100
mcrograms of sodium rwodide (as a carrer) A small aliquot 15
taken as a standard Urme 15 then collected for 48 hours Usually
two 24 hour sp are ok d I we have collected
the specimens for 48 hours m two 6 haur specimens one 12 hour
specimen and one 24 hour specumen

The three extreme ranges of thyroid function are given as
follows (Rawson et al, 1949}

1 EButhyroid 53-84 per cent excretion in 48 hours

2 Thyrotoxic 8-32 per cent excretion m 4§ hours

3 Myxedematous 74-93 per cent excretion in 48 hours

Radioactive iodine excretion by the 21 coronary patients re
vealed 2 shght downward change from the euthyroid state (see
Figure 2) The percentage of racdwactive 10dine excreted 1 the
wrine in 48 hours ranged from 47 to 80 with an average of 60
While 1t 1s known that thus test 15 not as critiéal m evaluating the
thyroid status as an anafysss of the blood 10dine levels it 15 never
theless satisfactory and mformatsve for the purpose of the present

study
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% RADIOAGTIVE IODINE EXCRETED

MYXEDEMATOUS 21CORONARY DISEA E PATIENTS 15 EUTHYROID PATIENTS
PATIENTS.

FIGURE vII-2 Per cent of radroactive 10dine excreted m the unme 1 48 hours by
6 myxedematous patients 21 coronary heart disease patients and 15 euthyrod
patients The coronary patignts showed a pattern simular to that of the euthyroid
patients both these groups showed lower radicactive 10dine excretion than the
myxedematous group (Modeled after Rawson et al )

Serum hpid constituents

The study of serum cholesterol (free esters and total) serum
hipid phosphorus and total cholesterol/liptd phosphorus ratio sub
stantintes the evidence of the low basal metabolic rate that there 1s
a shight change from the euthyrosd state 1 coronary heart disease
toward the hypothyrond state

The average serum total cholesterol 1n coronary heart disease
i our sertes was 286 mg per cent serum cholesterol esters were
177 mg per cent and serum liprd phosphorus was 12 6 mg per
cent While these values are significantly Iower than the values re
ported 10 known hypothyrord states by Foldes and Murphy (1946)
they are sigmificantly higher than normal values (see Chapter VIIT)
The total cholesterol/hpid phosphorus ratio 1s significantly hugher
1 the hypothyrord state than in the euthyrord state 1n this respect
the coronary heart disease group was again mtermediate between
euthyroidism and hypothyroidism

It 15 1nteresting that the three factors—serum total cholesterol
serum lpid phosphorus and total cholesterol/lipid phosphorus
ratio—are mncreased in both the hypothyroid and the coronary heart
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dusease states The essential difference 1s the degree of increase In
hypothyrotdist  the serum total chol 1 rises to ds
high levels while the serum hiprd phosphorus does not rise propor-
tionately a fact which accounts for the high total cholesterol/lipid
phosphorus ratio In coronary heart disease, the serum cholesterol
1s moderately increased and the serum hipid phosphorus s shghtly
sncreased resulting in a moderate elevation of the total cholesterol/
lipwd phosphorus ratro

It 13 of further isterest that there was no significant correlation
between basal metabolic rate and serum total cholesterol This fact
could be interpreted a8 meaning that serum total cholesterol and
basal metabolic rate are independent vanables m the presence of
the serum lipsd abnormalities 1 coronary heart disease In hypo
thyrowdism there 15 2 high negative correlation between basal
metabolic rate and serum total cholesterol

The nse and fall of serum total chol 1n hypothy
and hyperthyroidism respectively suggest that there 1s an wmverse
relationshup between serum total cholesterol and oxygen consump
tion (Bpstemn and Lande 1922) In suck conditions as Addisons
disease and starvation when oxygen consumption 15 low however
it 1s found that, contrary to expectation low values of cholesterol
are found in the serum Cutting et al (1934) showed that
normal mdviduals whie dinstrophenol raised the basal metabolism
(oxygen consumption), 1t did not affect the serum total cholesterol

ely

PR 1 1,

b of 17 X d and Thyrowd Studies

Since coronary heart disease 15 predomnantly a male disease,
and since ketosterowds are a crude estimate of androgensc actrvity
1t was thought that the coronary heart disease group mught show
an mcreased unmary sterone excretion On the other hand since
coronary heart disease 1s sometumes considered a chromc dis
ease 1 the sense that once an ndwidual has experienced it he
15 advised to curtald hus usual activities 1t would not have been
surprising to find a lower 17 ketosterord excretion

The results of the study suggest a decrease in unnary sterone
excretion 1n the coronary group It 15 noteworthy that the sterone
excretion was decreased to a greater degree m those who died from
coronary heart disease This observation raises two questions (a)
Would a periodic follow up of the unnary sterane excretion be
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worth while 1n the coronary group? (5) If during a follow up study
the sterone excretion decreased would 1t benefit the patient to re
verse this trend by androgen replacement therapy? Further study
15 needed on these points

The study of basal metabolic rate mdicated that 1t may not
provide a basts for definite evaluation of the thyroid status of the
coronary group The rate 1s lower than that considered normal,
but 1t has been shown that this apparent deviation may be m large
part assocrated with the physique of the patients rather than waith
any d m oxygen ptron due to disease The study of
urmary radioactive 1odine excretion interrelations of the lipids
and coefficients of correlation between various factors however
suggests that there 1s some degree of functional alteration m the
thyrord gland i the diection of hypothyroidism The bearmng
of this alteration on the genesss of coronary heart disease 1s not
mmediately apparent but m view of the known virtual absence
of the disease m hyperthyroid states 1t 1s reasonable to suggest
that the thyroid probably plays a role albeit mmor in the genests
of the disease
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CHAPTER VIII

Bioch I Findings The Interrelat of
Serum Lipds

HisTorIANs claim that Pouletier de la Salle circa 1769 first called
attention to a substance m gallstones that 1s soluble 1 alcohol and
that forms crystals upon evaporation (Bills 1935) Chevreul
1824 repeated these experiments and named the substance cho
lesterol (chole bile steros sobd) Dems (1830) s credited with
bemg the first to report that blood serum contams cholesterol

Although the chemical formula of cholesterol C ;HeO was
suggested by Remmtzer mn 1888 the molecular structure has been
a subject of controversy for many years (Schoenhemmer 1926)
However through the efforts of many investigators the structure
has been accepted subject to change as a phenanthrene cyclopen
tane or cholane form of sterol ring

Possibly the earliest association between cholesterol and athero
sclerosis was Vogels observation 1 1847 that cholesterol 1s
present 1 atherosclerotic Jesions Windaus analyzed various dis
eased aortae 1 1910 and reported six times as much cholesterol
and twenty tunes as much chol ol ester 1o ath lerotic aortae
as were observed 1n normal aortae Schoenhemmer (1928 1934)
and others extended these observations and concluded after per
formung chemucal analyses of many aortae that the proportion of
lipids 1n the aorta mcreases with age and atheroscleross

From these observations 1nvestigators both chinical and expent
mental almost concurrently began to study the interdependence of
the level of serum cholesterol and the degree of atherosclerosts
Exper 1 led by A ow and Chalatow (1913) pro
duced atherosclerosis 1o the rabbit by feeding the ammal Iarge
quantities of cholesterol Clicians attempted to learn whether
the d of atheroscl n the popul with hypercho-
lesterolemia was higher than 1n the normal population Thus indi

95
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viduals with hereditary hypercholesterolemia (Boas et al 1948),
nephrosis (Bloor, 1917), hypothyrmdxsm (Epstein and Lande,
1922) xantk (T} 1940) and diabetes mellitus
(Rabmowitch 1935 Josin et al 1917) were studied 1n order to
ascertain the incidence of atherosclerosis
Both methods of approach have had their strong opponents and

proponents Duff (1935) objected to Amitschkow s conclusions on
the grounds that cholesterol an anumal sterol may have an effect
as an unnatural factor in an herbivorous det that 1t would not neces

sanly have in the diet of human beings which commeonly 1ncludes
ammal sterols Leary (1949) on the other hand disagreed with
Duff and came to the same conclusions as Amtschkow after 1

peating and confirming Amtschlow s experiments and after study

ing human autopsv matenial with a polarizing microscope

There 15 no satisfactory evidence that entirely confirms or denues

a causal relation between the state of hypercholesterolemia and
atherosclerosis Lande and Sperry (1936) maimntained from their
clinieal analysis of human autopsy matenal that no relation exists
between hypercholesterolerma and atheroscl The association
between hvpercholesterolemia and cardiovascular diseases has been
dented by several mvestigators (Page Kirk and Van Slyke 1936

Ellot and Nuzum 1936) However the bulk of the evidence 13
n favor of an association (Mjassmhow 1926 Davis Stern and
Lesnick, 1937 Barker 1939 Poindexter and Bruger 1938 Mor

nison et al 1948 Stemner, 1948) Nevertheless the evidence for
the existence of a higher mcidence of atherosclerosis in individuals
who have diseases that fest a hyperchol I cannot be
accepted as concrete evidence of a causal relation, there 15 the

possibility that atherosclerosis and hypercholesterolemia are both
the end products of an altered bolic state This possibility 15

further strengthened by Lerman and Wiute s observations (1946)

that 1n those who have expenienced myocardial infarction prior

to the age of 40 the serum cholesterol 1s higher and the basal

metabolic rates are lower than in smitable controls Stemer and

Yoendall {1946) extended this finding and expenimentally produced

atherosclerosis 1 dogs by the addition of thiouracil and cholesterol

to their usual diet Steiner s work confirmed Shapiro s observations

that thyrodectomy and o&her alterations of the glandular state

favor the develop of i! (Shapiro 1927} Thus
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1t 15 reasonable to suggest that atherosclerosis may be the end result
of the bination of altered biock and hormonal metabo
Iism probably caused by a local vascular fault or stran and not
necessanly the result of any one factor such as an elevated serum
cholesterol Blumgart (1950) has found upon examnation of
human cases of long standing hypothyroidism (created by subtotal
thyrordectomy 1n 1933) that the degree of atherosclerosis 15 not
significantly greater than 1s usually obtained for those 1n the same
age group This observation causes one to question the clical
beltef that hypothyrowdism predisposes to atherosclerosis However
Blumgart s particular cases perhaps have not hved long enough to
develop atherosclerosis i spite of hypothyroidism In addition
Blumgart s cases usually recerve some thyroid medication which
may 1 iself be protective agamst atherosclerosis

Lapid ‘Values

In the present study m addition to the determmation of the
absolute level of serum total cholesterol m the coronary heart dis
ease group and a matched control group of healthy men the question
of the influence on the level of serum total cholesterol of such
factors as age weight, body build and diet was considered and
mterpreted with particular reference to the range of the normal
Ievel and 1ts etiologic relation to coronmary heart disease Since
cholesterol has been shown to be only one of the vanables concerned
1n the etiology of coronary heart disease other ipids such as phos
phohipids were also determmed m both groups Furthermore the
nterrelations of the various ipids were also constdered because of
the current viewpont that the colloidal state of all the substances
within the serum 15 more important than any one individual
substance

The blood samples were drawn at any tume during the day not
only for expediency but also because fasting specimens offer no
particular advantage msofar as accuracy 1s concerned (Bruger and
Somach 1932 Tumner and Stemer 1939) The Bloor methods
(Bloor, 1917 Bloor and knudson 1916) for determming total
cholestero}l and cholesterol esters were employed throughout the
study In this laborntory Miss Margaret Rourke found that they
give ns pendable and ble results as the
Sch -Sperry que (1934) Scrum phospholipids were
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TABLE VIi~1 Serum cholesterol (free esters and totaf) and phospholipids (Tec:
thin*} in coronary heart disea- e group and matched control group each of 97
males

CORONARY GRQUP CONTROL GROUP
No of Range Mean=SE  Noof Range Mean=SE
cases  mg % mg & cases  mg © G

Free cholesterol 941 37-227 1104339 97 45-216 100939
Cholesterol esters 94 88-376 176655 97  70-260 141039
Total cholesterol 97  167~490 2865+66 97 155455 241955
Phospholipids

(lecithun) 61 177414 316467 90 221397 305742

*Pechin which comptises about 80 per cent of the phospholipids s estimated by
muluplying the value of the deternured lipid phosphorus by a factor of 2

tWhenever the number i either group for any vanable is less than 97 st shows a loss
10 deternunations due to (a) laboratory wa tage or (5) baving started late in the study
to determune this vanable

determumed by the Fiske and Subbarow techmque (1925) In our
determmations lecithin was expressed as 25 times the lipid phos
phorus value (lipid phosphorus 1s the amount of phosphorus 1n the
total lipids of the serum)

The range and the values assumed by the mean of the four serum
hipids (cholesterol—free esters and total—and lipid phosphorus)
m the coronary heart disease group and m the 97 matched controls
are listed 1n Table 1 * The average serum levels of cholesterol esters
and total cholesterol were greater to a ighly sigmficant degree 1
the coronary heart disease group than 1n the matched control group
While the average serum levels of phospholipids and free cholesterol
were higher 1n the coronary heart disease group as compared with
the matched control group the difference did not attan sigmfi
cance

The distnbutions of the two groups for serum total cholesterol
are plotted i Figure 1 The degree of overlap 1s apparent 1n spite
of the sigmficant difference 1 the means It 15 obvious that within
the coronary heart disease population there were many dividuals
whose value of serum total cholesterol equaled that found within the
healthy matched control group Furthermore the extent of the
varation hardly ever exceeded one standard deviation in cither

«Although the patients and controls were matched for vanous factors such s
age weight hesght occupauon and ethnic ongm the matching did not extend to
serum phospholipids and serum cholesterol (free esters and total) valuct Con
sequently 1n respect 1o these values the dufferences between the two groups are
signfficant 10 the same wav 23 for any unmatched groups
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FIGURE vI-1 Level of serum total cholesterol in coronary heart disease group
unmatched control group and matched control group The distnibutions withun
the histogram are not discontinuous however there were more individuals with
coronary heart disease whose cholesterol exceeded 300 mg per cent, while
there were more 1 the control groups whose serum cholesterol was less than
210 mg per cent

direction as the following data show It was calculated that 15 per
cent of the matched control group (22 mdividuals) exceeded the
mean value of serum total cholesterol (286 mg per cent) of the
coronaty heart discase group However only 2 individuals
the matched control group had a serum total cholesterol greater
than 352 mg per cent (the average of the coronary group plus
otie standard deviation) Conversely 27 members of the coro
nary group had a serum total cholesterol below the mean value of
the matched control group (241 mg per cent) But only 2 coronary
patients had a serum cholesterol below 181 mg per cent {the mean
value munus one standard deviation of the matched control group)
As 1n the case of the serum total cholesterol there 1s consider
able overlap of the ranges of the two groups for cholesterol esters

Vs
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It was calculated from the data that 20 per cent of the matched
control group (29 mdividnals) exceeded the mean value of serum
cholesterol esters (177 mg per cent) of the coronary group How
ever only 2 mndividuals 1n the matched control group exceeded
the value of the mean plus one standard deviation (230 mg per
cent) of the coronary group

Age Changes and Serum Cholesterol

1t 15 generally conceded that serum total cholesterol, cholesterol
esters and free cholesterol are lower 1n infants than 1n adults, how
ever the change in these vanables from mfancy to matunty 15 2
disputed subject Several studies have concluded that there 1s prob
ably a nse 1 serum total cholesterol level after puberty 1 the male
(Parhon and Parhon 1923a Ward 1931) while other reports
have claimed that there 18 no such relation (Blix 1926, Foldes
and Murphy 1946) Before puberty however the serum total cho
lesterol level scems to be lower than m adult hfe (Boyd 1936)
and the evidence appears to support Sperry (1936) who asserts
that the level 15 Iowest during the neonatal period 1 (full term)
nfants and approximates adult levels 1 late prepuberty and early
puberty (Sperry 1936 Offenkrantz and Karshan 1936) Page has
concluded that no comparable nse exists postpuberally (Page et al
1935 Hodges et al  1943) Our calculation from his data how
ever 1 not ¢o with his concl {Gertler Garn and
Bland 1950) and Keys et al (1950) have recently confirmed our
results Data for ages above 65 have recentlv been presented (Gert
ler and Oppenhermer 1953)

Sampling errors technigue vanations and so on may account
for some of the discrepancies several studies (Foldes and Murphy,
1946) were conducted on groups too small to yield results that
were statistically sigmficant Also individuals hospitalized for dis
orders presumably not related to cholesterol metabolism were m
cluded 1n some of the so called normals (Foldes and Murphy
1946) although no evidence has yet been offered that systematic
errors do not appear n such procedures Furthermore the influences
of race dict occupation and socio economic status though dis
cussed 1n theory (Wilber and Levine 1949 Boas and Adlersberg
1945 Corcoran and Rabmowitch  1937) have not n general
been considered . previous studies
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TABLE vIlt-2 Serum fotaf cholesterol 1n coronary heart disease group of 97 males
by a.e decades

No of Range Mean + S.E
4ge cases mg © mg <
20-29 7 194-400 245027
30-39 53 167490 2860x 9
4049 35 208450 301011
50-59 2 218-301 259

The evidence from the present study concerming the change m
the Jevel of serum total cholesterol with age 1s not quite clear
(Tables 2 and 3) While the marked upward trend of cholesterol
with age 1s close to sigmficance for the coronary heart disease group
the slight rise for the matched control group 1s certainly not signifi
cant It will be noted that the elevation of the serum total cholesterol
for the coronary heart disease group over the matched control group
discussed above (see also Table 1) 1s apparent at each age level

For the senes of 146 unmatched controls the mean showed a
rather marked mise from 195 mg per cent 1n the 20-29 year age
group to 254 mg per cent in the 50-59 year age group a trend
that 15 highly significant (Gertler Garn and Bland 1950)

If there 1s 2 rise 1n serum total cholesterol with age as may be
suggested by these data then the climcian must consider the factor
of age if he 15 to derive much meaning from @ patients level of
serum total cholesterol In addition as wilf be shown below under
the heading of Physique and Serum Cholesterol  the factor of
physique must be considered

There 1s some evidence that beyond the sixth decade of bfe no
further elevation of cholesterol occurs (Keys et al 1950) there
may even be a drop i cholesterol level after this tme (Gertler
Garn and Bland 1950 Gertler and Oppenheimer 1953) While
TARLE VI3 Serum total cholesterol 1 matched coptrol group of 94 males by

age decades

No of Range Mean + S.E
Age cases mg < mg
029 7 167425 230012
30-39 53 155455 2270 §
4019 32 175-350 2460 8
50-59 2 214-270 242

No data were recorded for 3 controls m this age group
¢ Tt

T e
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TABLE VHI-4 Serum total cholesterol levels m those of Jewish ongin and of non
Jewssh onigwn 1 coronary heart disease group and unmatched control group

ENTIZE GROUP JEWS NON JEWS
No of  Afean No of  Cholesterol No of Cholesterol
cases age cases  mean - S.E cases  mean = SE
mg < mg
Coronary
group 97 3835 27 B176x 1454 70 28875750
Controt
Eroup 97 384 27 25696 %1254 70 236671561

thus has been interpreted by some as evidence of debility’ 1n age
1t 15 possible that 3t 15 a statishical or selective phenomenon due to
the differential mortality of low cholesterol and migh cholesterol
wdividuals Thus 1f elevated cholesterol 1s associated with de
creased life span the longer hived individuals 1 an older group will
be simplv the low-cholesterol surviving population The data though
scanty may pomt to basic factors i human survival (Dublm
1948)

Race and Serum Cholesteral
‘There are unconfirmed clamms that atherosclerosis 1s pracucally
' unknown among peoples like the Chinese Eskimos and Ohinawans
! whose diet 1s purported to contain very httle cholesterol and whose
serum total cholesterol 1s smd to be lower than that of the Amencan
population However a survey made by the Coronary Research
| Laboratory did not substantiate any relation between ngested cho-
{ lesterol and the level of serum total chalesterol (see Chapter X)
It 15 apparent that coronary beart disease occurred 1n our study
with greater frequency 1n mwdwnduals who might be classified as
the mid Mediterranean ethnic group We did not investigate this
question completely but we did analyze the findings n tn0 groups
of indiiduals the Jewish and Itahan Since individuals of Jewish
ongm Wwere NUMerous 1n the senes the Ievels of serum total choles
terol were determined both for them and for the non Jewish popu
1ation of the coronary heart disease group and the matched control
group ‘The results are summasnzed 1n Table 4
In the coronary heart disease group there was a small and not
statistically signuficant difference in the level of serum tatal choles
terol between the Jews and non Jews In the matched control group
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the difference was somewhat larger but m the opposite direction
and also not statistically significant Although the cholesterol levels
1 the Jews of the coronary heart disease group exceeded those of
the matched control Jews the difference was not statistically sigrifi
cant but between the non Jewish coronary and control groups there
was a significant difference

The 6 Itahans 1n the coronary heart disease group were com
pared mn a sumlar way with the 6 Itahans i the matched control
group The average serum total cholesterol for those with coronary
heart disease was 278 15 mg per cent while for the 6 m the
matched control group 1t was 253 0 mg per cent In a group so
small this cannot be said to be a significant difference

Liprd Indices
The ratios for total cholesterol/lipid phosphorus cholesterol
esters/total chol ol and free chol ol /ct ol esters are

summarnized in Table 5

It has been stated that the deposition of cholesterol and 1ts esters
does not ily mply the exastence of hyperct olemia
The abihty of cholesterol to remain 1zt solution 11 the blood requires
a collord stabihizer which will prevent its bemg precipitated and
1t has been postulated that the phospholipids act as such a stabilizer
to a cholesterol suspension m vitro (Ahrens and kunkel 1949
Thannhauser 1949) This 1s borne out by the fact that lecithun
constituting about 80 per cent of the phospholiptds 1s known to
be antagonsstic to cholesterol mn certamn brological and chermcal
reactions and hence probably would prevent deposion It was
TABLE viz-5 Values of lipid indices in coronary heart disease group and matched

control group

CORONARY GROUP CONTROL GROUP

No of Range Mean=SE Noof Range MeanSE
cases  mg % mg < cases  mg © -

Total cholesterol
Epid phosphorus
Cholesterol esters "
2 614106 97 390- 790 385 90
total cholesterol 94 360-842 6
Free cholesterol
cholesterol esters

60* 145- 330 224+ 51 90 129- .87 194x 33

94 30.3-1459 682309 97 360-1338 769299

*A number less than 97 mdicates laboratory wastage ete
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suggested by Peters and Man however that 1t 18 not so much any
ndividual Lipid as the nterrelation of all the lipids, therr relative
ratio that 35 important to stabihzation of cholesterol An expen
ment reported by Ladd et al (1949) showed that rabbits fed with
cholesterol and Tween 80* did not 1n fact, develop atherosclerosis
The explanation gwven was that the serum phospholipids were 1
creased to high levels and mstituted a protective mechanism

Cholestercl deposition may on the other hand, sometumes result
from hypercholesterolemia  Popjak (1945) suggested that free
cholesterol regulates the mobihzation of fatty acids and the rate
of phospholipid synthesis Thus 1t may be reasoned that an excess
of free cholesterol may decrease the biood phospbolipids and that
this 1 turn may lead to depositon of cholesterol

The evidence accumulated by Ladd et al (1949) Browder
{1915) Popjak {1945) and Akrens and Kunkel (1949) are
consopant with the findings mn this study on serum hpids in the
healthy control group and in the coronary heart disease group
There 15 as stated elsewhere considerable overlapping of the serum
cholesterol m both groups (see Figure 1), withont any mdication
of a threshold level of serum total cholesteral that 1s causally re
lated to coronary beart disease

The coefficients of correlation between serum cholesterol and
serum phospholipids were deternmned -+ 51 and + 55 for the
coronary heart disease group and the matched control group e
spectively Both coefficients are lighly sigmficant demonstrating
that total chol bl and phospholipids are correlated to 2 high
degree in both groups and strengthening the thests that the wter
relations of sesum Dipids are more 1mportant than exther single lipid

The correlation between serum total cholesterol and lipid phos
phorus 1s practically unaflected by ehminating by a partial correla
tion technique any commonality or effect that age might have on
cach of the two vanables The scattergram depicting the relation
between serum total cholesterol and hipid phosphorus for each
group 1s gnven m Figure 2

The relaton of total chol 1 to lipid phosphorus normally
15 3 one as d ated by Peters and Man (1943)
Formulae for calculating liprd phosphorus when serum total cho
festerol 15 known derised from our data are

feate

fene sorditan

Polyoxy
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Lipd phosphorus = 0 025 total cholesterol + 6 38 {(matched

control gronp)

Lipid phosphorus == 0 016 total cholesterol 4 7 96 (coronary

group)

The degree of mutability of the cholesterol/ipid phosphorus
ratio may be obtained from Figure 3 Jt 15 evident that an elevation
or depression of either total cholesterot or hpid phosphorns or both
may not necessanly produce an abnormal cholesterol/Tipsd phos
phorus ratio The cholesterol/ lipid phosphorus ratio wall vary under
a number of circumstances (see Table 6) 1t will be mcreased (@)
when the serum lipid phosphorus 1s rising at uts expected rate mn
the presence of serum total cholesterol that 1s nsing faster than is
expected rate (b} when the serum Iipid phosphorus 1s nsing slower
than its expected rate mn the presence of an expected nse or a faster
than expected nise 1n the serum total cholesterol value

Swnce the tume at which the writimg of thus report was begun
severat mportant contributions bave been made to the analysis of
thus problem The first development came when John W Gofman
made 1t known that mant molecules (designated S, 10-20) are
found 1n excessive amonnts ;n patients with atheroscleross and m
those who expenence illnesses which are thought to be predisposmg
to atherosclerosis These findings have been confirmed by several
groups Additional research done by David P Barr and hss asso
crates disclosed the fact that patients who have survived coronary
occiusion exhubit 4 reduction of alb and alpha hipop and
a relative and absolute increase in beta hpoprotein While thest
two new findimgs are provocative from the evidence presented #t
has not been shown that they are able to assist 1 pre selectng the
coronary prone mdividual to any greater degree than 1s the total
cholesterol/liprd phosphorus ratio

Physiqoe and Serum Cholesterol

Determnation of the differences between the levels of the vanious
hipads for the various & physiques 15 wmp not only to
establish the meaning of normal ipid levels but also to determine the
difference if any that exists between (a) the physiques within any
one group and (b) simdar physiques in any two groups Since the
physical constitution 1s predetermuned to a large degree 3t 1s yeason
able to suppose, without postulstng any degree of assaciation or
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VALUE OF RATIO

TABLE vii-6 Effect of vartous combmnations of serum cholesterol and serum lipid
pid rato

vatues on

Serum Serum 1 pid Chol /1 pid phos
chalest ol pha phorus ato
elevated normat clevated
elevated elevated need not be elevated
elevated decreased clevated
normal normal unchanged
normal elevated decreased
normal decreased elevated
decreased normal decreased
decreased elevated decreased

decreased decreased need not be decreased




108 CHAPTER VII

causal relation that the chemical attributes suck as serum cholesterol
and serum unic acid hkewise may be genetically determmned Hence
an attempt to associate physique with serum hiprds has certain the
oretical justification

Thus has been done 1n the past in studies that correlate the
hpid levels with vanous physigues (Galdea et al, 1936 McQuame
et al 1933 Mjassmhow 1927) The rebiability of these studies
15 necessarily lmited by thear hapt i system of physique classy
fication and their 1l defined terminology (see Chapter IV) Some
observers have used the terms obese and ‘lean (Bruger and
Poindexter 1934) Others presented a tripolar svstem with
defimte poles— obese medmm and lean (Labbe and Hettz
1924) Sull others have followed Kretschmer s termunology (1925)
but not his anthropometry with a tnpolar classification of pyhmc
wmtermediate and leptosomatic (Gildea et al  1936) At best, the
systems are not strictly comparable, at worst the mdvidual vana
tions 1 standards curtad the accuracy of the interpretations and
make comparative ratings difficult However 1t 15 important to
emphasize the fact that despite these drawbacks consistent and
meamngful conclusions have emerged As descuibed mn Chapter IV,
n order to avord as far as possible the imtations described above
without placing undue stress on ratios or index scales of build
the Sheldoman system of body buid rating has been selected for
use i this work (Sheldonetal 1940)

The first mndication that a differental relation exists between
the vanous Iipids and the physiques for both the coronary and the
unmatched control groups was shown by the coefficients of correla
tion wiuch ranged from — 21 to -+ 23 While a few of these
coeflicients reached the level of sigmficance they were so small that
they did not contribute anythung to our understanding of any basic
trends Some of the more pertinent correlattons are (a) between
phospholipids and ponderal index (— 15 % 13 and — 21 = 08
for the coronarv heart disease group and the control group r¢
spectively) and (b) between scrum total cholesterol and ponderal
mdex (— 11 = 10 and — 13 = 08 for the coronary heart dis
ease group and the control group respectively)

In Table 7 the values of the four lipds—free cholesterol cho-
Jesterol esters total cholesterol and phospholipids—are listed under
physical groups which hase been classified into primary domi-
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RELATIONSHIP OF LEVEL OF CHOLESTEROL
L. N THE SERUM TO VARIOUS PHYSIQUES
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FIGURE VIg-4 Serum total cholesterol levels 1n coronary heart disease graup 2nd
unmatchied control group Within the coronary growp the mesomorphs had 2
tugher level of serum total cholesterol than the endomorphs or ectomarphy
‘Within the contrel group endomorphs had a higher Jeve) of serum total choles
terol than or hs A of the coronary wath the
controf group shows higher levels m the coronary group for all physiques tht
largest difference occurring i the category of mesomorphy

nances for the coronary and unmatched control groups Com
pansons were also made between the means of the four major
phystcal categones both within and between the matched controf
group and the coronary heart disease group (See also Figure 4 )

In evaluating the relation of morphological characteristics to
the level of serum total cholesterol it should be kept 1n mind that
1n an average population the levels 1 endomorphs, mesomorphs
and md range mdwviduals exceed the level mn the ectomorphs
At the age of 35 the mean levels of serum total cholesterol fos the
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ectomorphs and for the other groups combmed would be 207 mg
per cent and 224 mg per cent respectively Abnormal levels would
assume the values of 207 = 74 mg per cent and 224 == 82 mg
per cent while high but not abnormal levels would assume values
of 207 + 37 mg per cent and 224 + 41 mg per cent (Gertler
Gamn and Bland 1950)

The further interrelation of age and morphological character
sstics with the level of serum total cholesterol 1s now apparent
Whle these figures do not include enough mdividuals for a com
plete age morphological survey 1t 1s reasonable to suggest that an
ectomorph at any age would possess on the average a lower level
of serum cholesterol than would individuals with other physiques
(see Figure 4) The assessment of age corrections and physical
corrections 15 important before any inference 15 made concerming
the level of a determined serum total cholesterol

Conclusions

A coronary threshold of cholesterol does not appear to exust
1f such a threshold had to be reached before coronary heart disease
manifested atself the differences between physiques would be wiped
out and endomorphs mesomorphs ectomorphs and mid range i
dviduals would all conform to thus threshold The fact that such
a conditron does not exist confirms the findings of ths study namely
that coronary heart disease can and does eust well below the ac
cepted Iimits of hyperck olemia although hyperchol
Iemia 1s undoubtedly an assocsation of coronary heart disease among
the patients as a group

If then absolute serum cholesterol values are not the answer
what explains the constantly lugher liprd levels 1n the coronary heart

disease p:ments physique by physique and at the same time the
of between physiques within the

two groups?
The answer to both questions comes in part from an examma
tion of the magnitude of the differences 1n Table 7 and Figure 4
For all liptds the differences between the coronary and unmatched
control endomorphs the coronary and unmatched control ecto
morphs and the coronary and unmatched control mesomorphs are
of the same order of magmtude This suggests strongly the same
concluston that we have previously considered namely that m
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coronary heart disease there 1s a specific predisposition to the dis
ease tn additon to any disturbance 1n Lipid metabolism Smce the
predisposition to the disease may further augment the hipid levels
many workers have decided that 1t 15 the absolute ipid Jevel that
1s unportant However, the evidence here suggests that a high
absolute liprd level 15 mmporttant only i that it may reveal the
presence of the predisposition to coronary heart disease that 18
hypercholesterolemia of familial type but that with constitutionally
low cholesterol levels the predisposition factor 15 fudden Thus coro
nary heart disease 1s found m ndividuals with low hipd levels
because 1t 15 the predisposition constant that 1s ymportant not the
absolute level

The predisposition factor need not anse primanly from a dufer
ence 1 serum hipids but may be due to several independent addi
tional factors One factor mght be the yet unproven concept of
the differcnce i the thickness and permeability of the coronary
arteries between mesomorphs and the other physiques Thus it may
be that the muscular layer of the patients with coronary heart dis
ease (particularly the mesomorphs) 1s thicher thereby producing
a narrower Jumen which s more easily obhterated by egual amounts
of plaque formation Or one may postulate the theory that between
the coronary heart disease patients and the control patients there
15 a diff m the permeabiity of the coronary intimal tissue
which will permut an easier penetration by the cholusterol or macro
phages m the coropary mhma

Cholesterot by stself 1s doubtless an important etiological agent
1n coronary heart disease but 1t 15 to be emphasized that 1t 15 only
one of the links m the cham which includes such endocrne factors
as the thyroid and adrenal thickemng of artensal wall wtuna, col
Joidal stability, which 1s partially controlled by the ipd phosphorus
and rates of anabohksm and catabohsm of cholesterol within the
artenal walls Moreover witamuns such as pantothenc acid and
ascorbic acid have recently been shown to mfluence the metabohsm
of cholesterol
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CHAPTER Ix

Biochemical Findings The Role of Serum Unc Aad

URIC acid 15 the prmeipal end product of the catabohsm of the
purme and pynmdine bases in man (Peters and Van Slyke 1946)
Unte acid may be synthesized from the various constituents of the
metabolic pool as Shemin and Ruttenberg (1947) have demon
strated 1n that the amno acid glycme 1s incorporated mto uric
acid The bulk of the evidence (Minkowsk: 1886 Schoenhemer
1942) suggests that this synthesis takes place i the hver

Chimical Observattons

The association between an abnormal uric actd metabolism and
gout dates back to 1797 when Wollaston demonstrated that the
deposits surrounding gouty jomts are composed of uric acid to a
large degree Garrod in 1848 was probably the first to suggest
a causal relation between gout and an increased content of uric
acid 1n the blood Since Garrods observations there has accumu
lated a volununous hiterature which confirms (Jordan and Gaston
1932 Jacobson 1938) and modtfies (Schmtker and Richter 1936
Adlersberg et al 1942) his viewpornt

Hyperuricemia may exist as a result of renal failure (Brgchner
Mortensen 1938) increased cellular breakdown (Isaacs 1923)
or gout Inr g many factors with gout one finds
that it 1s pimarnly an adult male disease prepubertal and adolescent
females and males are practically spared (Scudamore 1823)
Bauer and hlemperer (1947) state that slightly over 95 per cent
of all patients afflicted with gout are males  Persons of large frame
and vigorous appetite with a tendency to corpulence may be said
to have a natural proclivity to gout (Roberts 1900} Scudamore
reported from a study of 515 cases of gout that hus youngest case
was eight years old Thirteen cases appeared m the first two decades
of life and the majonity of his remaming cases occurred in men of

n7
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the fifth sixth and seventh decades of hfe These factors of male
prevalence, large frame and age distrbution along with farmlial
tendency (Smythetal 1948) are common to both coronary heart
disease and the gouty diathesis (Huchard 1899)

A causal relation between the gouty diathesis and arteriosclero
sis has been a clinical concept at least since the early part of this
century Roberts observed chinically in patients with gout the syn
drome of the runaway heart m which the palpitations were
severe and necessitated rest on the part of the patient Occasionaily
angina pectons and other chest pamns sumulating angmna pectoris
are associated with gout In addiion Roberts stated that gouty
persons exhubit a marked proclivity to the formation of such clots
[thrombt causing thrombophlebitis] 1n the veins of the lower ex
tremuttes* Sumlar a tute chimcal observations were made by Hu
chard (1899) who said

The nfl of gouty diath on the devel of artertosclero-
sis and arterial atheroma has been well established and 1t would appear
mefiectual to dwell upon this Gout is to the arteries what rheumatism 1s
to the heart and this 1s why presence of artersal degeneration appears
to a greater degree 1n certam famulies of hereditary gout Accordingly
artenosclerosts and vascular atheromata are to be found 1n certamn sub
jects as the only mamfestation of this diathesis Thus one sees 1 thase
of familial gout, the slow development of artenosclerotic lesions con-

y with joint

It was such a climcal suggestion of an association between gout
and coronary heart disease that led to the study of the content of
unc acid 1n the serum of the young coronary patient In addition,
the problems were undertaken of (@) establishing normal values
for the content of uric acid 1n the serum () studymg the effect of
differences of physique and (c) considering the mfluence of age
on the serum unc acid content

The serum unc acid values for 92 men with coronary heart
disease and 96 matched controls are given 1 Figure 1 and Table 1
The average level of serum uric acid 1n the coronary heart disease
group was significantly hugher than that of the matched control
group Forty eight per cent of the coronary patients had levels of
50mg per cent or over compared with 41 per cent of the matched
controls At levels of 6 0 mg per cent or over the difference was
much greater 22 per cent of the coronary group as against 6 per
cent of the matched controls The interpretation of the higher fevels
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FIGLRE 1X-1 Frequency distribution of vric acid in coronary heart disease group
unmatched control group and matched control group It 1s to be noted that 22
Per cent of the mdnnduals within the coronaty group had serum uric acid values
greater than 6 0 mg per cent while only 6 per cent of the uamatched or matched
control groups had serum urnc acid values greater than 6 ¢ mg per cent

TARLE X-1_Serum uric acid levels® in coromary heart discase group of 92 malest
and matched control group of 96 malest

Level mg o Coronary group Cont ol oup
Mo No
30-34 5 .
3539 9 H
4044 15 24
4549 1 23
50-54 14 20
55-59 0 13
60-64 [ 4
65-69 & 2
7074 s 0
7579 3 [
Level mg < Level mg &
Range 30-78 31-69
Mean+ SE. S13% Lo 4852 07

Normal range of seram unc acid 18 2.0.5 0 mg. per cent.
1Several values were not obtuned owing 1o sampling errors or | boratory wastage ete,
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1 the coronary group wiil be discussed 1n the sections that follow

Both the coronary heart disease group and the matched control
group were subdivided by age, and the average serum unc acd
levels were calculated It was obvious that there was no change of
serum uric acid with age This contrasts with the change 1n serum
total cholesterol which showed a small but sigmficant nise with
age 1n both groups

The CUP Index

It 15 evident from the discussion i Chapter VI that there ate
factors other than the level of serum cholesterol responsible for the
deposition of cholesterol 1n the intima The colloidal stability the
quantity and quality of the surface active agents and the mtimal
permeabiity may play a role 1n the extent to which cholesterol 15
deposited m the mtima It has been shown (Chapter VIIT) that
the ratio of serum total cholesterol to lipid phosphorus 1s probably
more umportant than the level of ether component Lecithun (80
per cent of serum phospholipids) may act like a catiomie surface
active agent Uric acid i its Jactam state contarmns three free hydroxyl
tons and theoretically could act as an amomc surface active
agent

Because of the possibility that the phospholipids and ure acid
may oppose each other as surface active agents and because of
the theoretical possibility that actual temoval of cholesterol to the
mtma may be brought about by the force of the entre combina
tion of surface active agents (of which lecithin and unic acid are
only two) 1t was decided to combime the uric acid value with the
total cholesterol/tpsd phosphorus ratio Thus 1f K represents the
CUP 1ndex or numerical value of tius total relation

serum total cholesterol mg_per cent

K = serum urie acid mg per ceat X serim Lpid phosphorus mg per Fent

The additional abnormal factor of serum unic acid may prove 10
have some enhancing effect on the deposition of serum cholesterol
1n the intimal tissue by alteration of the permeability as do some
of the surface active agents

In Figure 2 and Table 2 are gwven the CUP indices for the
matched control group and coronarv heart disease group It will
be shown that a consideration of all three variables known to be



BIOCHEMICAL FINDINGS SERUM URIC ACID

121

“—CONTROL GROUP

=MATCHED CONTROL GROYP

AN

A —= CORONARY DISEASE GROUP

/a

/2

2z

£33z

35%

gs

£2

8

33

i3 §
I N, SRV
S e 4o 45 0 185 9 185 10

VALUE OF CUP INDEX

200

FIGURE IX-2 Frequency distribution of CUP tdex ta coranary heart disease group
of 59 unmatched control group of 146 and matched control group of 83 The
polygons of the two control groups are practically identical while the polygon
of the coronary group shows signs of distinct separation at the higher levels

TABLE 1x-2 CUP index* 1n coronary heart disease group of 59t males and matched

control group of 83 males

Index
level Coronaryg oup Co tolgo p
No No
40-59 1 2
60-79 > kN
80-59 1 32
100-119 19 19
120-139 3 7
140-159 7 1
160-179 s 0
180-159 1 [
Index level Indexlevel
Range 49_188 58151
Mean = SE =4 9.2
© below 119 o below119
5008 9045

Serum totat cholesterol mg
Senim 1p d phosphorss mg
1For 33 pauents ¢ ther unc acid or 1 pd phosphorus was not determ ned
4For 14 controls ether ur _acid or 1p d phosphorus was not determs ed.
$At least 50 per cent sre alnays below the me n

X serum vrie acud g, <
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associated with coronary heart disease 15 more meanmgful than any
one vanable considered individualiy

The mean CUP index of the coronary heart disease group was
significantly ligher than that of the matched control group It s
interesting that 90 4 per cent of the matched control group were
below the mean value of the coronary heart disease group Of the
83 matched controls only 1 exceeded 147 whuch represents the
value of one standard deviation above 119 (the mean of the coro
nary heart disease group)

The CUP index was also determined for the larger group of
uanmatched controls The dictribution of the index was essentially
sumlar to that of the matched control group, the mean was 87 (see
Figure 2)

Unie Aad and Morphological Charactenstics

Since 1t had been shown that the highest levels of serum total
cholesterol occur 1n the mesomorphs who experience coronary heart
disease 1t was decided to study the relations between serum uric
acid and morphological charactenstics i both the matched con
trol and coronary groups Consequently coefficients of correlation
were determined between serum uric acid and height weight and
ponderal index

Certam 1nformation may be gathered from the coefficsents of
correlation (Table 3) (a) there were insignificant correlations be
tween uric actd and height 1n the coronary heart disease group and
the matched control group (b) although the positive correlations
between weight and unc acid were farly small they did attam
statistical sigmficance for both groups (c) there were small but
sigmficant negative correlations between ponderal index and unc
acid 1n both groups

qapte x-3 Unc acid coefficients of correlation 1n coronary heart disease grovp
and matched control group each of 92 males®

Correlation with serum uric acid Coronary group Control group
Height + 102 10 + 05% 10
Weight + 23> 10 + 26 101
Ponderal index —22x 10 — 25 10t

Owsng to sampling ervors laboratory wastage €tc S samples were not obtaned
{Diference 18 signuficant,
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FIOURE 1x-3 Serum unc acid levels by physiques 1n coronary heart disease group
2ad unmatched control group A comparison of the phystques withug the coron
ary and unmatched control groups shows that m both the endomorphs had a
Rugher level of serum tnic acid than ectomorphs A comparison of the coronary
group wath the unmatched control group shows higher levels 1n the coronary
xrouphfor all physiques the largest differeace occurmng 12 the category of endo-
morphy

Thus lmear measurement per se 1s unrelated to serum uric acid
but as the weight and body mass of the 1ndiv 1dual mncrease as re
flected by the ponderal mdex the serum uric acid has a tendency
to be elevated Such rough estmates of physique suggested that
domimant ectomorphs would have lower levels of uric acd 1n the
serum while dominant mesomorphs and endomorphs would have
higher levels of serum unc zeid To evaluate these suggestions
more cnitically correlations were made (see Figure 3) between the
Sheld 1 phy mesomorphy and ecto

/
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TABLE ©—4 Serum unc acid by physiques in coronary heart disease group of
92 males* and unmatched control group of 146 males

SERUM URIC ACID MG %

No of
Physigue cases Range Mean . SE
ENDOMORPHS
Coronary 23 36-76 561x 23
Control 51 31-69 487 12
difference t
MFSOMORPHS
Coronary 41 3277 498 % 18
Control 34 3654 459 £ 09
difference ns
ECTOMORPHS
Coronary 9 39-61 480+ 23
Control 34 29-58 4342 12
difference ns
MID RANGE,
Coronary 19 32-78 501+ 27
Control 27 38-62 465+ 12
difference ns

*In 5 cases serum ure acid was not determined owing to samphng errors and labora
tory wastage etc

Highly signsficant.

N's—-Not ssguficant.
morphy) and serum uric acid It was thought that these correlations
would be more meammngful than the correlations between height
weight and ponderal index because the actual make up of the
body mass could be defined more accurately (see Table 4 and
Figure 3)

Several strikang features 1 the distribution of serum urnc acid
among the physiques of both the coronary heart disease group and
the unmatched control group are these (a) endomorphs possessed
the highest level of serum uric acid (b) ectomorphs possessed the
Jowest level of serum uric acid (¢) this contrast was statistically
sigmficant The only other contrast between body types which was
sigmficant was within the coronary heart discase group where the
endomorphs differed statistcally from both the mesomorphs and
the ectomorphs

The only comparison between the coronary heart disease group
and the control group which was sigmficant was that for the endo
morphs From such observations it 1s reasonable to suggest that
byperuncemua endomorphy and coronary heart disease are inter
selated 1n some as yet unexplamed manner
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Conclusions

The presence of an elevated serum uric acid 1 coronary heart
disease m the absence of renal damage or any other conventional
cause such as excesstve protemn catabolism poses an mteresting
question Ts the excessive unic acid 1 the serum due to a posttive
uric acid balance with an excessive endogenous production as the
dominant factor? Is this mechamsm a genetic phenomenon? There
1s evidence that hyperuricema 1s due to an autosomal domtnant
gene but only a portton of the heterozygotes develop gout (Smyth
etal 1948)

The uric actd~endomorphic relation permuts further 1nsight mto
the relative importance of endomorphy or fatty tissue m coronary
heart disease It has been shown that the coronary physique 1s
mesomorphic (muscular) with endomorphy (softness roundness)
as a secondary characteristic It was also shown that the level of
total cholesterol 1n the serum 1s on the average ugher i coronary
heart disease and that tius higher level appears greatest in the
mesomorphic group The uric acid studtes in the coronary beart
disease group revealed that serum uri acid 1s highest i the dom:
nant endomorphs Thus 1t may be possible to relate the meso
morphic component 1n coronary heart disease to the maximal Jevels
of serum cholesterol and the endomorphic component to maxtmal
levels of serum uric actd

The significant difference of the mean levels of serum uric acid
between those of the same body build 1 the matched control group
and the coronary heart disease group ndicates that additional
factors other than body build are contributing to this difference
the cause of which 1s unknown at present

‘What harmful effects on the mtima may be attributed to hyper
uricemia? Does uric acid act as an tunal ccudmomng agent {sur
face active agent) which 1s d to

s y 1if there 1s an y 1n the dal state of (he serum
lipids? These problems have not been adequatcly studied and can
not be discussed at this time

The CUP 1ndex may or may not prove to be especially useful
1m pre selecting those who are prone to coronary heart disease It
does separate the normal group from the coronary heart disease
group more effectively than any other index we have at the present
time

-
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CHAPTER X

Diet Cholesterol Ingestion and Atherosclerosis

DIETARY factors have been implicated in the pathogenests of athero
sclerosis A general relation of the disease to nutmtion has been
claimed on the grounds that atherosclerosis 1s more frequent mn
mdviduals who are overweight (Wilens 1947) and that it 1s
decreased 1n the population during periods of famine (Aschoff
1924 Keys 1953) Whether there 1s a causal relation between
atherosclerosis and notntion however 1s open to considerable
questton The relation of wesght to coronary heart disease has
already been discussed m Chapter IV where 1t was shown that
m the present study the patients were actually not overweight as
compared with the controls And as far as malnutrition 15 concerned
(see below under Studies by Other Investigators ) the presence
of many variables makes 1t uncertain whether this condition leads
to death from atherosclerosss there 1s eg the fact that susceptt
bility to other diseases 1s lowered by poor nutrition with the result
that fewer undernourished people live to the age at which degenera
tive disease sets 1n

A major topte of mvestigation 1 this study was the relation of
cholesterol ingestion to atherosclerosis Claims have been made
that atheroscleross 1s less frequent 1 countries where cholesterol
15 mgested 1 small quantitie than in those where amounts of cho
lesterol ingested are greater (Dock 1946 Snapper 1947) These
specific questions will be discussed later 1n the chapter

Source of Chalesteral i Atherosclerosis
It 1s well known that serum total cholesterol 1s frequently ele
vated in coronary heart disease It 15 also well known that athero
sclerottc plaques which are responsible for coronary heart disease
contain cholesterol and cholesterol esters to a greater degree than
does the surrounding artenal tissue These two known facts are
127
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thought by many observers to be caunsally related They reason
that (a) where cholesterol 18 ingested m large quantities 1t produces
an elevated serum cholesterol, and (b) an elevated serum choles

terol will eventually produce atherosclerosis Chapter VI has
reviewed two aspects of evidence that opposes these contentions

(a) the serum cholesterol distribution curves of both the control
group and the coronary heart disease group overlap to a consider

able degree and (b) the nterrelations of the other lipids such as
phospholipids are as ymportant m the deposition of cholesterol as
cholesterol itself Furthermore, no one has demonstrated satisfac

tonly m human bemngs the source of the cholesterol mn the athero

sclerotic plaques Does 1t come from the cholesterol that eusts
the serum” If <o 1s the source mamly exogenous or endogenouns?
Does cholesterol anse from the degenerating mtimal cells? Is 1t
svnthesized bv the mnbmal tissue 1n sufficient quantities to produce
atheromatous plaques? Is 1t brought to the plaques by the Kuppfer
cells or by some other means? These questions were considered 1
the course of the present project

P :

Relation of d chol ol to seruym !

DIET RECORD In order to obtain data on which to base our
consideration of these questions a diet justory was compiled for
90 males with coronarv heart disease and for an unmatched control
group of 139 healthy males * covenng the peniod at Jeast 10 years
prior to their myocardial infarction Information designed to reveal
mtake of cholesterol and uric acid stressed not only the foods that
obviously contamn cholesterol and uric acid but also those that
contain the greatest percentage of amio acids which are thought
to be cholesterol precursors (Duncan 1947) Accordingly, the
diet record was adequate so far as proten and fat intake 15 con
cerned

The total daily fat and protem mntake calculated from the dict
cards (see Appendix D) 1s recorded sn Table 1 The difference
between the means of the two groups 1s significant The information
however does not indicate the total calonc intake of either group
which should also wmclude calortes supplied mn the form of carbo

#All data 1n this chapter are based on thesc numbers of patients and unmat bed
controls In each group records were lacking for 7 men
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TABLE ¥-1 Fat and protemns ingested by coronary heart disease group of 90 males
and unmatched control group of 139 males

CORONARY GROUP CONTROL GROUP
Meandaly Meandaily
wntake gm Celories intake gm Calories
Fats 66 594 90* 810
Proterns 52 208 62* 248

*Difference 15 sigificant.

hydrates consequently 1t 1s not known whether the coronary heart
disease group had a greater or lesser caloric mntake than the control
group Although the diet record thus affords an madequate assess
ment of carbohydrate mtake 1t may be reasonably assumed that the
total amounts of carbohydrates were proportionate to those of fats
and proteins and hence like them were not excessive 1 either
group

FINDINGS BASED ON DIET RECORD Because of the claims that
mcreased ingestion of cholesterol will produce an elevated level of
serum cholesterol 1t was decided (a) to determine the average
amount of cholesterol ingested per week for both the coronary heart
disease group prior to nfarction and the control group and () to
correlate the amount of cholesterol mgested with the level of cho-
Iesterol m the serum for these two groups The results are summar
1zed 1n Tables 2 and 3

The control group on the average ingested sigmficantly more
cholesterol than the coronary heart disease group (18 per cent
more) but had significantly less cholesterol m the serum than the
coronary group (224 4 mg per cent as agawnst 286 5 mg per cent
see Chapter VIII Table 7)

TABLE x-2 Mean cholesterol 1ntake in coropary heart disease group of 90 males
and unmatched control group of 139 males

Gt FER WEEK
No of cases Ra ge Mean o SE
=15
Coronary group %0 6-66 3=
Control group 139 694 39x I

S gruficantly greater
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TABLE X-3 Ingested amounts and serum levels of cholesterol for 10 indwiduals
with highest and 10 with lowest cholesterol mgestion 1n coronary heart disease
group and unmatchied control group

Coronary patients Controls
mean + S E mean & S.E
10 WITH HIGHEST CHOLESTEROL INGESTION
ngested amount (gm per week) 56Tx 15 698+ 31
serum total chofesterof (mg %) 288 %219 213 =114
10 WITH LOWEST CHOLESTEROL INGESTION
1ngested amount (gm per week) 134+ 10 137+ 13
serum total cholesterol (mg %) 271 *142 222 =156

As a further check on the degree of correlation between cho
lesterol mgestion and serum cholesterol it was decided to determine
the level of serum cholesterol 1n those who ingested the most and
the Jeast cholesterol in both coronary and control groups The
results are summarnzed m Table 3

It 1s clear that 1n the coronary heart disease group in spite of
the lower average mngestion of cholesterol, both the individuals who
ngested Jarge quantities and those who took small guantities have
an ge serum total cholesterol 1y higher than that of
the control group Furthermore the level of serum total cholestesol
within the coronary group does not change appreciably with these
large diff 1n ch f

From these results it 15 apparent that a factor or factors m 280
tion to ingested cholesterol 15 important This conclusion gamns
further support from the small and not significant coeffictents of
correlation between the amount of mgested cholesterol and the
level of serum cholesterol for both groups + 05 for the unmatched
control group and — 09 for the coronary heart disease group
The lack of correlation 1s well shown m Figure 1 There 1s thus
practically no correlation between the amount of cholesterol
gested and the level of cholesterol 1n the serum

Ths fact, 1n combmation with the finding that serum cholesterol
was hugher 1 the coronary than n the control group suggests that
a major source of cholesterol could possibly be endogenous This
viewpomnt 15 currently espoused by Gould (1951) and Bloch

(1954) Blochs work with labeled acetate and squalene has given
much information on steroid biogenesis
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FIGURE X-1 Scattergrams with regresston lines showing relation of mgested total
cholesterol to serum total cholesterol in coronary beart disease group of 90
males and unmatched control group of 139 males The coefficients of correlation
were not signsficant being — 09 == 08 and + 05 = 1! for the coronary group

and the control group respectively
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FINDINGS BASED ON TEST MEALS The relation of ingested cho
lesterol to serum cholesterol was studied not only by means of the
dset record, but by test meals No attempt was made to solve all
the numerous problems that may anse from variations of diet, but
the tests were designed to determune the effects on the levels of
serum total cholesterol and cholesterol esters of coronary patients
that will be produced by

Test 1 Fat ingestion of 25 gm of butter and 3 shices of white

toast with a cup of plan tea

Test 2 Fat and cholesterol wgestion of 25 gm of butter and 5

gm of cholesterol m the form of egg yolk

Test 3 Cholesterol mgestion of 5 gm of cholestero] 1n the form

of egg yolk mixed as an eggnog

Test 4 Low cholesterol diet over a period of 6 to 30 months

In all tests deternunations were made of changes m serum total
cholesterol cholesterol esters, and cholesterol esters/total choles
terol ratio

The first three tests were performed on coronary patient No 049
On successive days his total cholesterol and cholesterol esters were
determuned after an ll mght fast then he was given a test meal
on the first day at 11 A M on the second and turd at § Ad The
results given in Tables 4 5 and 6 show that in Tests 1 and 3 the
levels and ratios of serum total cholesterol and cholesterol esters
were practically unafiected bv the test procedures whereas in Test
2 they were increased to a shght degree

The conclusions dertved from these three experiments are con
sonant with the observation that ingested chol fnp log!
cal amounts will best be absorbed when absorbable fats (usuaily
unsaturated fatty acids) are present in quantitative relations Sumlar
observations have been made by Stemner and Domansks (1941) and

Cook (1936 1937)

Test 4 conducted on coronary patient No 052 sndicated that
when the ingested cholesterol 1s restricted to approximately 150 mg
daily there 15 a Tapid dechine 1m the Jevel of serum total cholesterol
and serum cholesterol esters which reach their mummal fevel 1n
abont 10 to 18 days (see Figure 2) This mimmal Jevel 1s usually
from 25 10 40 per cent lower than the original cholesterol level and
30 to 50 per cent lower than sts onginal estenfied component How
ever the levels do rot remamn statronary 1 spite of a contnued low




DIET CHOLESTEROL INGESTION

TABLE X—4 Serum cholesterol levels after Test 1

133

Fastng
betore
s 1745 245 445 645
ad e b [ Py
Total cholesterol (mg %) 630 585 537 489 489
Cholesterol esters (mg © ) 354 345 270 — put
Cholesterol esters
Total cholesterol 36 8 30 - -
TABLE X5 Serum cholesterol levels after Test 2
Fasting
before
9G0as 100 1720 20 430
P PECO 4 4
Total cholesterol (mg %) 693 708 729 663 651
Cholesterol esters (mg ) 347 32 67 35 a2
Cholesterol esters
oo esterol esters 56 6
Total cholesterol 5 8 0
TABLE X~6 Serum cholesterol levels after Test 3
Fat g
b0 e
gobam  I14s 210 510
meal AM P M
Total cholesterol (mg ) s7 s 1S3
Cholesterol esters (mg © ) 39 336 47 366
Cholesterol esters o © pe P

Total cholesterol
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RESTRICTED CHOLESTEROL INTAKE AND SERUM CROLESTEROL
328
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FIGURE X-2 Record of patient hospitalized for a period of 2 weeks and then fol
lowed very closely for 10 months at home While 1n the hospital the patent
was placed on a low cholesterol diet which was continued for 10 months The
serum total cholestero! fell from 310 mg per cent to 235 mg per cent 1 7 days
and remained at that level for approvmately a month Thereafter the cholesterol
:—gse steadily reached its former level within 4 1/2 months and rematned at

at level

cholesterol diet and when the patient 1s studied for longer periods
aslow nise n total cholesterol and cholesterol esters 1s observed The
levels attan their onigmal values m 7 to 12 months and then remain
high
Thus 1t may be concluded that the effect of a low cholesterol
diet 15 to produce an immedrate lowenng of serum total cholesterol
and estenfied cholesterol But this trend ceases withm a fortnight
and even 1f the diet 15 continued the tendency reverses itself and
the levels of total cholesterol and esterified cholesterol tise slowly
and reach their ongmal values within a year

One mught presume that the onginal lowenng of cholesterol 15
due to restriction of the exogenous source However since serum
cholesterol 1s derived from both exogenous and endogenous sources
1t 15 probable that when the former source 1s removed the latter
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becomes more active and eventually restores the equiibrium It 1s
noteworthy that there was no sigmificant fluctuation 1n weight durnng
the course of these expermments

Simular observations were made on 6 other coronary heart dis
ease patients and 1n each case the pattern was the same (See Figure
3 for a summary of these 6 cases ) On the basis of this evidence
one may seriously question the merits of a low cholesterol diet and
1ts role 1n lowering the serum cholesterol However sice the rela
tion between an elevated serum cholesterol and atherosclerosis 15
not entirely clear one must reserve judgment on the capacity of
the low cholesterol diet to prevent the discase The mngestion of
lipids may play a role m cholesterol deposition as suggested by
Moreton (1948) Walker (1953) summarized the effects of dietary
restriction on serum lipids and has demonstrated that weight reduc
tion reduces serum bipids

INGESTION OF CHOLESTEROL PRECURSORS Schoenheimer and
Ius school have demonstrated by the use of deuterium labeled pre
cursors that cholesterol may be synthesized i the mouse (Schoen
heiner and Breusch 1933) Furthermore 1t has been shown that

™
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FIGURE x-3 Effect of of dietary ! summary of

data on 6 patents After 2 transicat drop the Jevel of scrum total cholesxerr:;
gradually increased (presumably by endogenous means) to s former point an
remasped there while the patients were on the low cholesterol dict
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cholesterol 1s synthesized from ammo acids such as leucine and
afanme from acetic acid, and from fatty acids such as mynstc and
butyric acids (Duncan, 1947, Ruttenberg and Bloch 1945 Ponts
corvo et al 1949) In all probabity sumilar mechanisms of syn
thesis exast it man, despate the faiture to demonstrate all of them as
yet Inourstudy analysis of the diet records revealed no correlation
between the amounts of these substances 1 the diet and the level
of serum cholesterol

Relation of serum cholesterol to atherosclerosis

The phospholipids 1m a manner as yet unknown, may act as a
collosdal stabilizer by mamtaiming the serum cholesterol i suspen
sion and preventing its tendency to be attracted to the mntimal tissue
and thus to be deposited there (see Chapter VIII Ladd et al )
Moreton (1948) brought out an mnterestng theory supported by
experimental evidence, of the etiology of atherosclerosis He demon
strated that fat particles (chylomicrons) appearing in normal plasma
durmg, alimentary hyperhpemia are of collordal size and upon
ultracentrifugation, are shown to consist of manly neutral fats and
Iipid phosphorus m addition to minute quantities of cholesterol and
other substances (Gofman 1950) Moreton suggests that the cumu
lative effect of fatty meals over a bfetime by producmg transient
showers of large lipid particles 1n the plasma 15 the underlying cause
of atherosclerosts 11 normal humaun bemngs Following this observa
uon Becler and his associates (1949) showed that hyperchylo
micronenua occurs at any age followang fat contaimng meals
However the mtensity size, and duration of the chylomcron state
sncreases with the age of the indvidual The abnormal postabsorp
tive chylomicron state m older human bemngs 1s restored to the
normal state by the use of detergents and Itpases

These three separate observations by Ladd and hus ca workers
(see Chapter VIII} by Moreton and by Becker and lus assocates
are mterrelated and suggest that a disturbance m the colloidal state
of the blood may be one of the most importaat factors mn athero

1 These af ned studses support our observation that
cholesteral ss not the only factor imvolved in atherosclerosis {Gertler
and Garn 1950) In add they d ate the ty of
increasing the rapidity of hipid absorption and utrlization 1n older
sndividuals The Moreton hypothests still does not clanfy the ques
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tion of cholesterol ingestion and 1ts relation to atherosclerosis It
does not explaimn the mechamism of atherosclerogenesis particularly
when there 1s practically no cholesterol available in the hyperchylo
micronemic state

Gofman and hus co workers (1950) have shown that the blood
of mdividuals with atherosclerosis contamns an increased concentra
tion of large cholesterol molecules of the class S¢ 10-20 By the use
of a low fat low cholesterol diet the concentration of this large
molecule Se 10-20 was decreased to normal values On ths bass
Gofman recommends the use of a low cholesterol low fat diet
Further study of this moot pomnt 1s 1n progress by various groups of
nvestigators (see Walker 1953)

General R of C] 1 to A

Duet in other countries

A possible assoctation between a low incrdence of atherosclerosis
and a low ingestion of cholesterol has been suggested by various
reports stating that atherosclerosts 1 the Chinese and Okinawans
1s uncommon presumably because of a diet which 15 normally low
m cholesterol However there 15 no conclusive evidence that the

d of erther ather »s1s or coronary heart disease 1s lower
i China than elsewhere Hospital records in China are not so well
kept as they are mn the Umted States and local terntorial and
national death records are not so accurate there as m this country
Even if they were extensive corrections of the statistrcal data would
be tequired before the mterpretations could be considered valid
For example there 15 a smaller percentage of the Chinese than of the
Amenican population falhng into the age groups in which athero
sclerosts 1s common because of the high rate of mfant mortality and
the high death rates from other causes such as tuberculosis and
other wfectious diseases m China (Snapper 1947) Consequently
a confirmed lower death rate from atherosclerosis i China might
reflect merely the fact that the age distibution 1s lower

Similarly the purported low incidence of coronary heart disease
or atherosclerosis 1n Okmawans has been considered to be causally
related to the diet which 1s said to contan hittle or no cholesterol
Inreviewing P E Stemner s matenal on autopsies performed on 150
Okinawans (51 males and 99 females) from 1to 100 years of age
1t 15 evident that 7 mdividuals (6 males over 55 years and 1 female
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of 91) had wisible aortic atherosclerouis (P E Stewer 1946)
Thus 6 males out of 51 who were exammed (12 per cent) showed
atherosclerosts In another senes of autopsies performed on about
200 Olapavnans duning World War I the wmcidence of athero
sclerosis 1 both men and women abmost approuimated that ob-
served 1n the United States {Zymmerman 1954)

Studies by other im estigators

Further support of the dietary causatron of atheroscleross is
offered by those who quote as evidence (a) the decrease i athero
sclerosis 1o Germany immediately following World War ¥ (Aschoff
1924) (b) the lower mceidence of atherosclerosis in chromce alco
hohies (Wilens 1947) and (c¢) the decrease of atherosclerosts 1m
i nourtshed and lean mdividuals (Wiens 1947) The common
denominator i all three categones appears to be a low fat mtake
due to dietaty restriction Critical examination of the data reveals
that the authors clums are based upon the assumption that 1 these
groups the fat and hence the cholesterol intake 15 decreased thereby
decreasng the propenstty of the sndisidual to develop atherosclero
sts There 18 no further evidence howeser to support these assump
tions Actually 1l nounshed mdsviduals and chrome zlcoholies are
more prone o ather diseases at an early age and hence do not always

attam the age at which d e d fest themselves
However much more complete world wide study 15 seeded
Other evidence for a rel betneen chok ol ingestion and

atherosclerosis 1s based on expertment There are data to wmducate
that excessive cholesterol feedings may produce atheroscleros:s 10
the rabbit {Anstschhow and Chalatow 1913} or dog (Stemer and
Kendall 1946) Such evidence has been accepted as apphoable 10
man by some observers (Leary 1949) Others are reluctant 0
make this acceptance because (a) the amount of cholesterol em

ployed 1 these expeniments far exceeds the Inghest physiological
fevel of ingestion by man and (b) the lesions are distributed mamly
m the distal artenies and to a lesser degree imvohve the coronan
artenes Duff (1935) has questroned whether the disease process
n man and 1 rabbits 15 comparable

Summary
¥t has been clmmed from evidence based on (a) ammal ex
penments (B} statistical studies m \anous sections of the world



DIET CHOLESTEROL INGESTION 139

and (c) human studies that dietary ntake particularly low choles
terol diet, influences atherosclerogenesis However 1n a cmtical
analysts of the data 1t 15 observed that the statistics on the reportedly
low incidence of atherosclerosis m countries such as China are
probably distorted greatly The ammal feeding expeniments reveal
an d d of atheroscl 1n those amimals which are
fed cholesterol m large quantiies These experiments however
may or may not be applicable to man In man 1t has been shown
that the amount of cholesterol ingested has little bearing on the
level of serum cholesteral Although 1t has been demonstrated that
an associatton exists between the level of serum Lipids and clmical
atherosclerosis there are no studies available which demonstrate
a causal relation between ingested hpids lud ) 1
and atherosclerosis either from a climcal viewpomt or a pathologic
viewpomt There may however be other detary factors such as
ngestion of fat or of cholesterol precursors which do relate to
atherosclerosis The whole question of dietary relation to athero
sclerosis still remarms an area for mveshigation for there 15 good
supportive evidence on both sides
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CHAPTER XI
The Oxidation Reduction Potentials of Saliva

17 15 known that a solution contaimmg oxidizable or reducible sub
stances shows a characterstic electrical potential In all solutions
the electromotive force (EMF) 1s dependent upon the concentration
of the solute the pH and the temperature But 1n body fluds oxt
dation reduction potentials (Ec*) are dependent not only on phy

sical varables but also on the relations of enzymes coenzymes
and substrates and their interaction with electrolytes (inorgamec
and/or orgamic salts) The potentiometer readings 1 mullivolts
of solutions of the latter type show a change with tume which 1s
referred to as dnft i pose This 1s the result of the change
oxidation reduction potentials and may be altered easily by the
addition of oudants or reductants For further details concerning
the mechamsms of enzymatic oxidations and reductions 1n cellulas
metabolism the reader may consult LuValle s and Goddard s excel

lent review paper (1948) and books by Michaelts (1925 1930)

Hewitt (1936) and Lardy (1949)

Michaelis (1925) has reported on the 1mutial ouidation reduction
potential 1 whole blood Fisenbrandt (1943) studied the salivary
potentials of five adults and found that the mitial oxidation reduc
tion values of hus subjects did not vary significantly from each other
1 dally observations Eisenbrandt dealt pnmanly with the mitial
EMF values but did not emphasize them 1n relation to time

In a study to determme the degree of association between dental
canes and the values of oudation reduction potentials of fresh
salva (obtamned without the use of physteal or chemical stimulants)
as a function of time 1t was found that among the children examuned
at Forsyth Dental Infirmary m Boston several dropped rapidly 1
their salivary potentials toward negative values These children
appeared to fall mnto a distinct group and 1t was beliey ed that further

Ec readings are the EMF readings taken directly from the Beckman potentio-
meter with the calomel platnum electrode combization, expressed in mulhvolts
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mvestigation was mernited Since the case hstortes were readily
available, they were studied caretully It was found that among these
children were some whose parents were particularly prone to de
generative cardiovascular disease This fact was made known to the
members of the present project who then made further studies

Precedure

The studies dealt with 66 wdviduals who had had myocardial
nfarction and a group of 73 healthy working males roughly sumlar
m age ethnic ongm body burld and mouth condition drawn from
the matched control group Those taking the test had not eaten
drunk, or smoked during the previous two hours Approumately
15 ml of salna were collected from each person directly mto a
5 ml beaker Thss freshly collected sample was placed immediately
1n a Beckman potentiometer (laboratory model G) wath the stand
ard Beckman calomel platinum electrodes mserted i position 1/16
1nch apart 1n the saliva The door to the room was closed to ensure
uniform atmosphere Readings were made directly from the desig
nated scale on the anstrument The sahvary sample was kept wside
the chamber with the electrodes fixed 1n the solution Readngs were
made first after 15 seconds and then at I mmnute intervals up to
§ nunutes and followng that at § nunute mtervals up to 30 munutes

In order to ensure experiments that would be rehable over a
reasonable period of tme and that could be duplicated repeated
tests were performed on 6 ‘normal persons and on 3 patients who
had had myocardial mfarction

Duplicabulity of Patterns of Oxidation Reductson Pofentials

Various patterns were found m the saliva The patterns differed
1 the numercal Jevel of the oxidation reduction potentials and sn
the rate of change of the level with tme Of the various possible
combmations of starting p t and rate of change, the four 12
Figure 1 represent both the cxtreme and the modal patterns

The questson anses immedsately as to whether such diferences
as those shown m Figure 1 are stable Are the patterns charactersstic
of an sndwvidual can they be duplicated sn that indvidual? In order
to determune the rebability of the sahvary oxidation reduction poten
t1al pattern several persons both normal and with coronary heart
disease were tested over various periods of time
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FIGURE XI-1 The four most common patterns of oudation reduction patentials
of saliva observed over a period of 30 munutes The majority of cases started at
-+ 300 mullivolts but the final readings on the Beckman potentrometer vared
from + 100 mullivolts to — 600 ulhvolts
A High positive at 15 seconds (> 300) to low negative at 30 muautes (—- 600)
12pid change

B High posiive at 15 seconds (3> 300) to moderate negative (— 150) at 30
minutes moderate change

< High pasitive at 15 seconds (3> 300) to approumately 0 at 30 munutes slower
change

D Madgrate posttive at 15 seconds (> 200) changmg slowly but stll positive
after 30 munutes slow change

Coronary subject
A male marned who had experienced a myocardial infarction
at the age of 40 was exammed on February 11 1949 and subse
quently on May 24 1949 three weeks after an operation for a
detached retina The test of the oxidation reduction potential of his
saliva was repeated under oil on October 5 1949 This case allus
trated the duplicability of results m the coronary population 1n that
both the rate of change and the total drop were repeatable The
indvidual minute readings matched less well Relabihity and the
Possibility of duplication are necessary criteria for the application
of the oxidation reduction potential testng procedure to salna a
medium that has been hittle surveyed by this technique The reha
7

o
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TARLE Xi-1 Potentiometer reachngs wn mulhivolts of coronary subject {Year 1949)

Time 2 5724 10/5
15 see + 240 -+ 248 —
Imn + 140 +1222 —
2mn + 70 +192 + 162
3 mn 0 +17 “+ 140
4 mn -~ 40 + 156 + 130
3 mun - 50 -+ 138 + 112
10 aun -~ 205 + 20 e 100
5man ~ 570 ~— 134 -~315
20D mn ~ 576 261 438
28 pun -~ 576 377 ~-451
30min ~ 578 —451 —471

bility of the techmque under conditions similar to those outlned
1 tius report 18 as good as may be expected w biologieal work
This degree of rehabisty s weil iHustrated 13 Table 1

Control subject

A healthy male aged 24 was tested tnice on 2 successive days
given a respite for § days and then retested tiree times on 3 succes
swve days followmng these five repeated tests the subject was further
tested at weekly mtenals for 3 weeks and finally after a months
freedom from testing was retested Al tests were sdmumstered at
10 00 A In Table 2 the mean value and the actual values for
each test time are histed Note that the potentiometer values are
relatively constant during this persod of S8 days (March 15 to
May 12)

Taste X2 Potentiometer readings 1 aulhvolts of controf subject (Vear 1942}

Feme 5 38 N 22 323 3531 4/60 4113 3/ Maen

15sec 280 282 294 4 300 4-298 4 296 + 286 - 290 + 290 290
1oua, 272 3274 4278 4290 4286 + 274 278 + 282 -+ 284 + 219
2mm o+ 262 4+ 262 + 274 + 280 + 281 - 256 -+ 265 + 477 + 276 + 270
Fmun 254 + 256 +272 +27¢ 4273 + 246 4+ 249 4272 + 269 262
dmiz 250 4245 262 + 261 266 -+ 239 + 253 + 362 + 261 + 1355
Smun o+ 244 4242 4+ 261 + 252 266 231 4+ 248 4254 4254 4250
10mn 4228 + 228 4242 + 238 4233 + 242 223 + 232 230 +229
{5mun 4212 5 212 4233 £ 224 4227 £ 200 208 4 10 194 4212

+ 201 + 206 + 225 + 211 +218 4+ 192 + 198 + 189 A 180 +.02

20 mun
a4 192 4152 +-221 + 197 + — 172 + 190
gg::n + 178 <+ 348 + 212 4 182 +203 + 169 + 18’ + 136 4+ 164 + 174
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TABLE X1-3 Potenttometer readings in mullivolts of coronary heart disease group
of 66 males*

Time No ingroup Range Mean =S E
15sec 66 +340 to + 100 42705+ 593
1mm sot +330 to — 80 +2390= 818
2mun £0 +292 to —138 +2130= 967
3min 57 +284 t0 —170 + 17952 1240
4mmn 61 +278 10 —204 + 1570+ 13 90
5mm 63 +272 to —233 + 1335167,
10mun 60 +250 to — 550 + 05x2877
15 mun. 62 +232 to —632 — 9853376
20min 61 +225 1o —642 — 1565+ 3680
25 min 61 +220 10 —642 — 1805 % 35 89
30 mn 62 +210 to —648 — 24653670

*Tests were not attempted on 31 males

fOceasionally readings were not cbtaned.

Oxrdation Reductron Potentials i the Coronary and Control Groups

Oxtdation reduction potentials were determned at intervals of

from 15 seconds to 30 mmutes 1 saliva from 66 males who had had
myocardial infarction before the age of 40 and whose ages ranged
from 25 to 52 at the time of examuation and a control group of
73 healthy working males (mean age 1 both groups 1s 39) The
mean results for each time mterval are given for both groups in

Tables 3 and 4
A statstical analysis of the data revealed 2 sigmificant difference

starting with the 2 mmute value and extending through the 30
munute value

TABLE x1-4 Potentiometer readigs 1n millivolts of ¢ontrol group of 73 healthy
males

Time No ing oup Range Mean £ S.E _
15 sec 73 4352 to +200 +2800= 514
1mmn 70* +332 to + 150 +Zsmf 541
2ma 6 +312 t0 +100 +230= 619
3mun 67 +300 to [] +2D_0: s'Is
4min 63 +289 to — 50 1950 811
S mun 73 + 28. to — 100 + 1715: 923
10 min 73 + 262 to —358 + us=10
15 mun. 7 4252 to —46” + 235 bt 1
20 min 71 + 246 to — 516 —_— 355',:‘909
25 mun 6 3240 to — 530 — Bszow
30qun 70 +240 to —554 St e o

O cas onally readimps were not obtamed.
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FIGURE X1-2 Oxidation reduction potentials of saliva im coronary heart disease
group of 66 males and control group of 73 males The ordmate represeats
mihvolts the abscissa, tme e punutes The black dots and the aicled dots
represent the means at the vanous time watervals for the control group and the
coronary group respectively

The data for both sertes have been put 1nto graph form 1 Figute
2 Included are the mean values for each group at vanous time 18
tervals and the == 1 standard deviauon humuts for both graups
Approximately 68 26 per cent of esther group s sncluded between
these two hots

From the data plotted sn Figure 2 several Jharactenstics are at
once apparent The general trend over a period of time for both
groups was downward from a mean starting oudaton reduction
potential of approumately + 280 muthwolts to potentials of — 152
and — 246 sullivolts respectively at 30 mmuntes The coronary
heart disease group was distingiished by bewng below the control
group at all intenvals, hence the difference was systematic Further
more the absolute difference between the two groups tended to be

Jarger with elapsed time
In spute of the significant diflerences tn the means there was 2
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broad overlap of the two groups as 1s evident from inspection of
the ranges of values n Tables 3 and 4 The smallest overlap existed
m tume periods of from 4 to 15 munutes mnclusive Infact durng this
interval the control mean munus two standard deviations was lower
than the coronary mean minus one standard deviation with the
result that only 2 27 per cent of the controls but 16 per cent of
the coronary heart disease group fell below this pownt

The continual dnift to negative values was common to both
groups (Figure 2) Since the two groups started at approximately
the same level and since the coronary heart disease group was much
lower than the control group at 30 munutes 1t follows that the over
all rate of change was greater in the coronary heart disease group

The total change duning the 4 to 15 munute time nterval was
computed for each ndividual and the frequency distribution of this
value was drawn for the coronary heart disease group and the con
trol group Both distributions were markedly asymmetrical but the
healthy control group was concentrated at smaller total changes
(50 to 100 mullivolts) whereas the coronary heart disease group
showed no marked concentrattons and 1 general showed greater
changes

Interpretation of findings

How can the gross differences between the reducing mtensittes
of the two groups as evidenced by the mean values of the oxidation
reduction potentials be explamed? The over all rate of change 1m
activity was faster 1n the coronary heart disease group Such changes
may be the result of absolute differences i concentration of various
organic 1ons and/or bination of or to
gether with accelerators or mhubitors that may be present m the
sahiva

Van Potter (1949) has listed the following eight vanables re
sponsible for the 1n vitro control of enzyme activ ity temperature
PH substrate concentration co factor concentration  product con
centration inhubitor concentration owudation reduction potential
and 1onic strength Certam of these vanables may be excluded from
our consideration The temperature 1 these expenments remained
at 22 % 15 degrees centigrade thus the possible differences due
to temperature are neghgible The range of pH values of vanous
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salivas tested was between 6 3 and 7 8 and v/hle this may make
some difference 1n the individual instance 1t was thought unlihely,
became of the excellent buffermg capacity of saliva that changes
m pH produced the observed changes for the duration of these
procedures
It has been shown that the coronary heart disease group differed
from the control group m physique and i several bsochemical prop
erties When the physique and other factors were controlled through
the use of the matched paw techmque, the biochemical differences
still exssted The present chapter confirms the obsen ations made i
the previous studies that showed a basic biochemucal difference
between the two groups and 15 perhaps, more defimtive 1n that the
approach may mvolve basic enzyme systems
Using as the statistict lower humrt of normahty the comventional
two standard deviations below the mean of the control group 1t was
found that 16 per cent of the coronary heart disease group and only
2 27 per cent of the control group fell below this level 1 the 4
to 15 minute time interval Accordingly it was felt that apparently
normal mndividuals whose sahvary oxdation reduction potentials at
4 5§ 10, and 15 mmutes fall below +~ 485 + 05 2225 and
360 5 mullnolts respectively may show other characteristics of
the coronary heart disease group and mertt further study
Smce the magmtude of the differences shown to ewst in the
sahvary oxsdation reduction patterns are of the same order as some
of the other biological attributes of coronary heart disease thi
pheromenoen may perhaps be considered to be as 1 as the
other brotogical attributes in distinguishing, the person with coronary
heart disease More concentrated study 35 indicated 1n order to
isolate the differences n specific enzyme systems or inorganic 1008
of both groups of indniduals
It should be empt d that the reproducible pk of
oudation reduction potentials of salna cannot be exp}nmtd satis
factonily with the evidence at hand No attempt 15 made here to
explam 1t 1 terms of specific oudation reduction systems or other
phenomena which are Lnown to affect these potentials Howeser
that there 1s a difference 1n these potentials of saliva between the
coronary heart disease group and a healthy control group 1s apparent
from the changes that occur in the potentiometer readings of salina
under the conditions described herein
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CHAPTER XII

Summary and Conclusions

Twis monograph presents the findings of a three year research pro
gram on coronary heart disease i young adults conducted at the
Massachusetts General Hospital in the search for significant etio
logical clues The study represents the combined efforts of many
mdwviduals on diverse aspects of this disease entity In addition to
100 coronary heart disease patients under the age of 40 who had
experienced myocardial infarction (at least six months pnor to
admission for the mmmal 24 hour study), there were 146 un
matched controls A group of matched controls for the 97 male
patients was also made up consisting of 74 men from the unmatched
control group and 23 additional men

Chmcal Apprassal
It 1s noteworthy that the clinical findings were not impressive
Several items do however ment attention Only 5 patients (5 per
cent) had arcus semlis this incidence 1s much fower than that re
ported by certain other ivestigators (Boas 1949), but 1t 1s 1n
keeping with other observations of our own (Gertler and Garn
1950) Cardiac arrhythmias comsisting of premature contractions
only were observed 1 but 1 instance Paradowical pulsations or
diminished apical pulsations were observed 1n only 10 cases a
much lower mcidence than that reported elsewhere (Dack et al,
1940 Garland and Thomas 1948) Another nteresting clinical
mapression was that as a group the patients appeared about 10 years
older than their chronological age
Although the coronary patients consumed some forms of alcohol
and used tobacco m statistically larger amounts than the control
group the findings do not warrant any conclusions as to a causal
relation between the use of alcoho! or tobacco and coronary heart
disease
150
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Famuly Incidence

Heredity

The study of hereditary factors in coronary heart disease has
disclosed several mteresting facts The strong nfluence of heredity
on coronary heart disease cannot be demed but the mode of gene
transference or mhentance and the degree of penetrance have not
been clanified by this study

The study of parental mortality revealed that at the time of
the last mterview 61 per cent of the parents of the unmatched con
trol group were alive 1 contrast to 47 per cent of the parents of the
coromary heart disease group Fuity eight per cent of the mothers
and 35 per cent of the fathers of the coronary heart disease group
wete alive as compared with 73 per cent of the mothers and 48 per
cent of the fathers of the control group Age difference n the
parents was shown not to be the cause of this differentsal mortahty

It 15 noteworthy that proportionately more parents of the coro
nary heart disease group than of the control group died of cardio
vascular disorders 51 3 per cent of the deceased mothers and 64 4
per cent of the deceased fathers of the coronary heart disease group
as against only 35 9 per cent of the deceased mothers and 46 2 per
cent of the deceased fathers of the control group

There were more deaths due to coronary heart disease i the
families of the coronary heart disease group than those of the
control group Thus 9 8 per cent 37 1 per cent and 8 6 per cent
of the mothers fathers and siblings respectively of the coronary
heart discase patients died from coronary heart disease 1n contrast
to 77 per cent 18 5 per cent and 1 0 per cent respectively of the
mothers fathers and sblings of the control group

Race
Ethmc ongin as an onginal factor tn coronary heart disease was

also consdered 1n this study There were 27 patients of Jc\ﬂs}]
ongm (26 men and 1 woman) 13 were stnctly old Americans

19 were various British Isles muxtures 12 were pure Insh 6 were
pure Englsh and 2 were Negroes The predominance of Jews

1n thus senies 1s 1n keeping with the observations of other investi
gators the reason for 3t however 15 not clear It 1s known that Jews
are particularly prone to discases imoling abnormal ipid metabo-
Iism such as Tay Sachs disease Gaucher s disease and I\lcmann/m.‘
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Pick's disease This hugh mcidence may 1n part be due to the igh
degree of endogamy in Jews Whether these observations may be
extended to coronary heart disease cannot be answered by this
research

Physique and Morphological Charactenstics

The coronary heart disease group differed mn certan special
morphological charactenistics from the control group These by and
large with the exception of genital stze (which 1s larger 1n the coro
nary heart disease group) may be attnbuted to the presence of
mesomorphy (texture and a lower waist up mdex) and a paucity
of ectomorphy (less thigh interspace less knee interspace and
more hip roundness)

There were sigmificant differences between the coronary heart
disease group and the control group 1n certain anthropometric meas
urements Generally the coronary heart disease group showed a
decrease m vertical measurements an ncrease 1n horizontal meas
urements and an increase in depth measurements as contrasted with
the control group The differing measurements may be summarized
as follows (a) vertical-—stature span total face length, hand
length and chest length (&) horwzontal—hand breadth and nose
breadth (c) depth—upper chest depth and total chest depth One
should be cautioned however not to define a ‘typical coronary
heart disease patient from anthropometric measurements alone

The somatotype findings 1n this study are 1lluminating and add
greatly to our understanding of those further phenotypic expres
sions which are only bv biock 1 analysis Hence the
somatotype 1s invaluable 1f employed as a frame of reference to
relate and correlate the biochemical findings (see below  Biochem1
cal Findings ) The concept of such brochemical characteristics as
a chemotype 15 another step n the defimtion of the normal
physique 1ts mplications mn disease have been discussed (Gertler,
1950) The coronary heart disease patients as a group were 44 per
cent dommant mesomorphs and 6 per cent dormmnant ectomorphs as
compared with the controls who were 22 per cent dommnant meso-
morphs and 18 per cent donunant ectomorphs It1s noteworthy that
the coronary mesomorphs were mainly endomorphic mesomorphs
while the few coronary phs were -phic ectomorphs

The finding that the young coronary heart disease pattent 15




SUMMARY AND CONCI USIONS 153

usually an endomorphic mesomorph permuts certam corollary ob
servations and conclusions since the endomorphic mesomorph be
haves differently physiologically and psychologteally from other
resomorphs and other somatotypes (Sheldon 1940) Mesomorphs
generally appear prematurely aged owmg 1n part to their coarse
heavy wrinkling Thus the clintcal observatton that the young coro
nary heart disease patients appear one decade older may be due
o part to the normal older appearance of mesomorphy This
tenet 15 reinforced by the observation that mesomosphs reach pu
berty 1 to 1 1/2 years earler than wdividuals with other somato
types Accordmgly 1t 1s reasonable to suggest that mesomorphs at
all ages are physically 10 per cent older than their chronological
age (assuming that puberty occurs at 12 to 14 years)

According to published data there are a selected group of tem
Perament traits and occupations which are associated with coronary
heart disease The coronary patient 1s described as bemg a hard
dnving  goal directed ndwidual whose monodurective personality
suggests refuge 1m work (Dunbar 1943) Some investigators have
1atimated that there 1» an éxcess of executive managenal and plan
ning petsonnel m the young coronary heart disease group {Boas
1949) while sull others have suggested a causal relation between
occupation and coronary heart disease (Master et al 1939) Sev
eral questions may be raised on the ments of such a nigid classt
fication and categorization Most reports on coronary heart disease
come from urban centers where doctors arc more accessible for
any acute 1iiness Accordingly, the medical records are apt to be
mfluenced because (a) better records of patients are avajlable to
orgamzed study groups and (b) few farmers or rural employed
indviduals are likely to be avaiable to the urban physician and
hence their medical tecords are rarely available for an organized
study group and are likely to be excluded from anv statistical analy
sis of coronary heart disease

If one employs the psychological and pational correlates
of mesomorphy adopted by Sheldon (1940) Hooton (1945)
Seltzer (1945) Morns (1948) Fishe (1944) and Gam and
Gertler (1950) one 1s impressed by the fact that many of the
aforementioned descriptions of the young patient with coronary
heart disease could easily fit the mesomorph ‘The mesomorph enjoys
participation 1n dangerous and strenuous undertalungs he loves
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speed he 1s hard driving and goal directed All these characteristics
may account for the non conventional behavior pattern in the
formative years of the coronary heart disease patients The meso-
morph has a deep desire to be important 1n tius world and to wield
power over other beings and environment Such a trait may assume
many garments of ambition such as those of executives man
agers army officers and the hke Finally the stnking preponder
ance 1n athletic abihity 15 not surprising 1n the coronary heart disease
group for there can be little athletic prowess n an mdiwvidual who
15 not well endowed with the mesomorphic component

Athletic Activity and Occupations

The mvestigation of the relation of athletics and occupatrons
to coronary heart disease yielded interesting information The coro
nary group scored higher m therr athletic ratings than did com
parable controls This fact might well be attnibuted to mesomorphv
for 1t has been established that athletic prowess requres at least
a rating of 5 in mesomorphy (lughest rating possible 15 7) It
cannot be stated therefore that athletic participation 1s causally
related to coronary heart disease for the presence of excess meso
morphy 1s merely the common denomrmator to the two character
1stics mamely athletics and coronary heart disease The study of
occupations as related to the disease revealed a preponderance
referred to above of individuals (42 per cent) 1 the managenal
capacity Again 1t cannot be stated with certainty whether the
nisks mental strain and preoceupation of individuals 1n managersal
posttions are responsible for coronary heart disease or whether the
ambitious  dnving nature which culminates 1n a managerial post
1s actually an additional causative factor

Masculbimty

The question of masculinity 1n coronary heart disease has been
considered at great length Several older observations have been
confirmed several clinical impressions have been analyzed and
quantified, others have been refuted and sull others have beent
modified The ratio of 96 men to 4 women observed 1 a study of
100 cases of coronary heart disease under the age of 40 years by
Glendy ¢t al (1935) was essentiafly unchanged for in the present
series of 100 cases there were 97 men and 3 women Thus the pte
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dominant male element 1 this disease group under the age of 40
1 the outstanding etwlogical clue The robust young male (White
1944) has been delineated as a male whose physical structure 1s
that of an endomorphic mesomorph a heavily built bony mus
cular and sturdy male A final apprassal of young males apparently
most masculine  will necessarly be postponed unt!l further studies
bave been made Suffice 1t to say that these men were not psychologt
cally the most masculine according to the Terman Miles test the
coronary heart disease patients were Jess masculme 1 their final
scores than the matched control group The coronary group actually
achieved scores which were comparable to those of men ten years
their semor and this according to Terman and Miles would 1ndy
cate 2 trend toward the typically ferimne for as men become older
thetr scores tend to assume the distribution usually ascribed to hugh
feminne scores

At first 1t appears paradoxical that the coropary group as a
whole appeared to be the most masculine according to physical
attributes such as body build and secondary morphologrcal char
actenistics Itke hip roundness thigh interspace and harr distnibu
tion and yet did not appear to be highly masculine according to
psychological apprasal It should be emphasized however that

the physical and psychological aspects of Tty are msigmfi
cantly related to each other As measred by the Terman Miles test
psychol and y Tepresent a comp of

!
athitudes which stem from heredity social background and accul
turation during life One must always keep 1m mund that the scores
achieved by the coronary beart disease group could have been
modified by (a) education and/or cultural Jevel of the group and
(b) the expenience of bemng 1l Accordingly the scores reported
herein must be evaluated with some reservation at this juncture

It had been suggested from chnreal observations that the young
coronary heart disease patient 15 grayer balder and more hursute
1n regions other than the scalp There proved to bu no evidence
however of mncreased graymng 1n the coronary heart disease group
frontal tonsonal and combined balding showed no sigmificant dif
ference from that in the control group There was no evidence
furthermore of a sigmificantly greater amount of body harr 1n the
coronary heart disease group as compared with the control group
The study did not te on the of androgens to
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hirsutism and no conclusions on this pomnt may be drawn from the
findings

The relation of urinary androgen exeretion to masculinity has
been studied by a number of mvestigators and has given r1ze to a
great deal of speculation The evidence of lower sterone excretion
1n the 17 ketosteroid urinary studies cannot be interpreted as mean
1ng ‘less mascolmity 1n the coronary heart disease group for (a)
the lowered sterone excretion may be a result of the myocardial
wnfarction, and (b) there 1s no defimtive evidence that the urmary
sterone excretion 15 associated or correlated with masculimty

Fndocrine Findings

Endocrine studies were hmited to a thyroid and a testicular
adrenal survey based on 24 hour urinary sterone excretion The
thyroid status was particularly studted in this young coronary heart
disease group because of the possible mnfluence of the thyroid on
the course of coronary heart disease either through a causal relation
with the abnormal blood liprds or through other unknown metabolic
factors After studying thyroid influences with the aid of (a) basal
metabolic rates (b) radioactive 1odine uptake and (c¢) blood Iipids
1t was concluded that there appeared to be a shight alteration 1n the
thyroid activity from the euthyroid state 1n the direction of hypo
thyroidism Again 1t 15 not known whether this 1s a post hoc or a
propter hoc phenomenon

The procedure of basing the testicular adrenal survey on the
24 hour urmary 17 ketosteroid (sterone) excretion 1s admuttedly
crude for 1t does not differentiate between secretions of the two
glands but any alteration would be of nterest as a point of refer
ence There was however essentially no difference between the
means of the daily uninary sterone excretion in the coronary heart
disease group and 1n the control group Nevertheless certamn find
ngs are noteworthy There were fewer individuals 1n the coronary
heart disease group whose dailv urimaty sterone value exceeded
14 mg while twice as many (17 per cent) of the coronary heart
disease patients excreted less than 6 mg of sterone daily 1n their
vrine Furthermore the coronary heart disease patients who later
died showed significantly Jower daily utinary sterone excretions
than either the rest of the coronary group or the unmatched control

group
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Biochemical Findings
The biochemical findings are to be evaluated m two ways first
as etwological factors m coronary heart disease and second m rela
tion to the somatotype findings

Cholesterol

The question of the causal relation between the level of total
cholesterol 1 the serum and coronary heart disease was restudred
and re evaluated The mean levels of serum total cholesterol 1n the
coronary heart disease group the matched control group and the
unmatched control group were 2865 =66 2419255 and
22435 mp per cent respectivelv While the mean values are
sigmficantly different the distubution curves are markedly con
tinuous From this observation 1t is reasonable to infer that a thresh
old level of serum total cholesterol for coronary heart disease does
not exist and that addstional factors probably play a role

Lipid phosphorus and cholesterol/lipid phosphorus ratio
One of these additional factors appears to be the serum phos

pholipids ‘The relation of the serum total cholesterol to the serum
phospholipids seems to be an important factor 1 the etology of
coronaty heart disease When the ratio of total cholesterol to lipid
phosphorus was being studied 1t was found that 1n the coronary
heart disease group the matched control group aud the unmatched
control group the mean values of the ratios were 224 & 5

194+ 3 and 187 = 2 respectively In view of the increasmg
evidence that the colloidal stability of the cholesterol 1n the serum
1s dependent partially upon the ratio of total cholesterol to lipid
phosphorus 1t was considered that this ratio had greater meamng
n studying coronary heart disease than esther of the components
considered separately An additional confirmation of this hypotbe

§13 arose by deduction from the study of age changes and serum
liptds Tt was revealed that both serum total cholesterol and serum
phospholipids nse with age m both the coromary heart discase
£roup and the control group However on analysis by the techmque
of partial correlations it was shown that when the mfluence of

the phospholipids 1s removed 1n both groups the correlation be
tween age and ct ol disappears Moreover when the mnfluence
‘hal.

of 1 s d the phospholipid to show 2
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correlation with age 1n the normal group but do not Leep pace with
age 1n the coronary heart disease group Thus a fundamental dif
ference may exist 1n the two groups namely that m the coronary
heart disease group cholesterol deposition 1n the intima may be
enhanced by the lack of a colloidal stabilizer which may be due to
a failure of the phosphohpids to nse with age and hence to alter
the total cholesterol/lipid phosphorus ratio

Une acid

The question of the level of unic acid i the serum was con
sidered It was found that the average value of serum unc acid m
the coronary heart disease group was 5 13 &= 12 mg per cent m
the matched controls 4 85 == 07 mg per cent and m the un
matched controls 4 64 == 06 mg per cent The differences between
the averages of the coronary group and the two control groups were
statistically significant 1t 1s of further interest that 22 per cent of
the coronary heart disease group showed serum unc acid above
60 myg per cent while only 6 per cent of the unmatched control
group showed serum unc acid above that level

Broch ! morphol 1 rel

How do these chemical findings fit 1 with the concept of the
morphological structure of coropary heart disease patients pre
sented mn this study? It will be recailed that the individual most
fikely to expenence a myocardial mfarction prior to the age of 40
1s structurally an endomorphic mesomorph In relating vanations
1 the levels of serum total cholesterol and serum une acid to vari
tions 1n physical structure several patterns were observed in the
two groups

In the control group the highest absolute levels of cholesterol
and uric acid were associated with the endomorphic phystque and
the lowest levels were associated wath the ectomorphic physique
The differences were statistically sigmficant There was no signift
cant difference between the endomorphic and mesomorpluc phy
siques in respect to these Jevels

In the coronary heart disease group however two important
changes were observed

1 The level of serum uric acid increased significantly over the

control level 1n only one physique the endomorphic
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2 On the other hand the level of serum total cholesterol 1n
creased aver the control level 1 each phy sique reaching ats
hughest value m the coronary mesomorph m contrast to the
lowest value 1n the control ectomorph

These two observations confirm and emphasize the original

data on somatotypes The levels of serum total cholesterol and
setum uric acid have their highest correlation with the mesomorphic
and endomorphic dommances that are most typrcal of young adult
coronary heart disease patients Accordingly 1t 1s reasonable to
suggest that a metabolic relation 15 mvolved that 1s a tendency
toward more frequent alteration 1 the metabolism of these two bio
chemical factors m the mesomorphic and endomorphic physiques

Daet

The question whether dietary factors are causally related to
coronary heart disease was mvestigated by studymg the weekly
ingestion of foods contaiing cholesterol and the relation of the
Ingested cholesterol to the cholesterol level m the serum of both
the coronary heart disease and the control groups It was found
that the patients with myocardial mfarction had mgested on the
average 33 == 15 gm and the control group 39 == 12 gm of
cholesterol weekly Tt will be recalled that the average levels of
Serum total cholesterol for the coronary heart disease group and
the control group were 286 mg per cent and 224 mg per cent
respectively Thus the coropary heart disease group ingested less
cholesterol than the control group but possessed more cholesterol
1 the serum It appears that the end < source of chol !
Plays a definite role 1n the etiology of coronary heart disease

Oxidahon Reduction Potentials of Saliva
The study of saliva led several pt
The coronary heart disease group m contrast to the matched con
trol group showed a faster rate of change per munute during the
entire test procedure which lasted for 30 munutes but this was
Particularly noticed during the terval between the 4 munute testing
and the 15 minute testing The average potentiometer readmgs of
the coronary heart disease group at 4 munutes 5 munutes 10
Minutes and 15 mumutes were + 157 =139 + 1335167
+05288 and —98 5 = 33 8 millnolts respectively These

P
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values are statistically lower than those observed in the control
group which were 195081, +1715%92, +935*
16 5, and 23 5 %= 227 muilivolts for the 4 minute 5 mnute
10 minute, and 15 minute tune ntervals respectively

Conclusions

A great deal has been achieved with modern methods 1n the
dragnosis of the acute or subacute phase of coronary heart disease
which terminates in myocardial infarction However, the increasng
death toll from coronary heart disease suggests that still another
form of approach to the problem should be studied namely pre
vention It1s obvious that before preventive measures are instrtuted
recogmition of the individual most prone to coronary heart disease
will be necessary Efforts should be made to determine which 1
dwiduals have the greatest tendencies to myocardial mfarction
How can we recognize these presumably abnormal people 1n the
entire population?

The ability to prevent disease 1s generally proportional to the
knowledge of the etiological factors and pathogenesis of a disease
1t 15 for these reasons that the problem of preselection of men prone
to coronary heart disease from presumably normal males has been
difficult 1 the past However mn this study of persons who had
experntenced a myocardial mfarction prior to the age of 40 certain
leads were uncovered which may prove helpful m the recogmition
of those 1n whom myocardial infaretion 1s most likely to occur

‘The suggested techmques are based upon evidence accumulated
m this study which bears out the oniginal thesis of the Coronary
Research Project that coronary heart disease 15 caused not by one
etiological agent but by many factors The multdiscipfimary nature
of the study has been most useful 1n that 1t has made 1t possible to
select those charactenstics which occur 1n the hughest degree m
coronary heart disease patients and to recognize them as potentially
dangerous to any individual who possesses them (see Gertler et af
1951) By taking into consderation sex body build morphological
characteristics heredity serum total cholesterol serum uric acd
serum total chalesterol/scrum hipid phosphorus ratio CUP mdex
and salvary redox potential 1t should theoretically be possible to
preselect coronary prone mdwiduals from the population Since the
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mnterrelations of many factors are involved n this method 1t prob
ably has more merit than reliance on any smngle factor A long
follow up study of the control groups should give us more evidence

It 15 hoped that as a result of the advances 1 preselection 1t may
be possible m the near future to mstitute some form of Ppreventive
therapy to delay the episode of coronary attack At present there
15 to our knowledge no defimte form of replacement or adjuvant
therapy wluch has proved to be effective 1n ths respect The diffi
culty stems partially from wadequate understanding of coromary
heart discase and partially from lack of concerted effort m this
aspect of preventive medicine We hope that clues to the solution
of these two important problems will soon be found
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APPENDIX A

Terman Miles Mascuhmty Fermmmty Test

THE Terman Mules test was one of the tools used m the assess
ment of masculimity in this study The following excerpts are taken
from the book Sex and Personality by Lewis M Terman and
Catharine Cox Miles* to aid the reader 1n evaluating the test

Exercise 1 Quadruple choice Word Association

the subject s task 1n Exercise 1 15 to underhme that one of the
four given associates following a stimulus word which seems to
0 best with the latter Each form of the M F test contans 60
stimulus words makmg 120 m all

In this and all the other exercises with the exception of Exercise
3 the present study of sex temperaments 15 based upon the weighted
scores of the individual items which are given mn Appendix 1V
[of Terman and Miles book} The weighted scores were used rather
than unit scores 1n order that m de as well as d of
the sex differences could be taken into account

The population groups used n the denvation of weights for
Exercise 1 mecluded roughly 125 pupils of each sex in grade scven
100 of each sex 1n the junior year of high school and 50 college
students of each sex 1n all about 550 subjects These are the sub
jects who furmsh the data for our sex compansons on Exercise 1

For purposes of convemence and also because they appeared
more promusing of results the responses to Exercises 3 4 and 5
were exammed before those to Exercises 1 and 2 When Exercise 1
was taken up a number of hypotheses had already been reached with
regard to the nature of some of the more important psychological
differences between the sexes These hypotheses based upon an

v Lewss M_Terman and Catharine

By permussion from Sex and Personal 1v b
6 M i Co fnc New York Pp 373-374

Cox Miles Copyrigh
ght 1936 McGraw Hill Book
380-381 384 390 416 434 438 443450
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ex 1on of the resp of male and female groups to Exer
cises 3 to 5 were utiized as a basis for f g the sex pref

of associattons 1n Exercise 1 It will be interesting to see how
adequately the explanatory hypotheses empincally armnved at from
the responses in certain exercises explamn the sex differences n
exercises of a very different type

Exercise 2 Ink blot Associatron

In each form of the M F test 18 ink blots or drawings are pre
sented and the subject 1s asked to underline one of the four words
followmng each ( the word that tells what the drawing makes you
think of most )

The populations used 1n the analysis of to
2 were the same as for Exercise 1 We have tabulnted the responses
of the subjects 1n two ways one the less illuminative taking the
associations absolutely the other by considening the more sharply
contrasted associations in relation to one another and to the sumulus
object The first tabulation which 15 self explanatory serves the
former purpose

=

Exercise 3 Information Test
Each form of this exercise consists of 70 sentences (1e 140
mn all) to be completed by underlining that word out of four supplied
that gives the correct information required It 15 a quadruple choice
nformation completion exercise success i which calls prmarily
for knowledge of fact and would seem therefore to depend upon
the experience and interests of the subject Responses were analyzed
for the same populations as 1n the case of the two previous exercises
We shall briefly summarize the results of our scrutiny before
considening the detail
Within the range of the 140 1tems set and the subjects who
responded to them a companson of the sex preference scores ind1
cates that
1 Females show more knowledge
(a) About domestic occupations
(b) About matters of petsonal or household decoration
adornment and etiquette
(<) About hiterature (fiction) mus:c (or rather musical
) and 1 taste 1n colors
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(d) Where the topic 1s one that appeals to one s active sym
pathy or feelings of tenderness (including m particular
the maternal emotions)

2 Males show more knowledge

(a) Of extradomestic facts and events political social
economic and business

(b) Of physical and scientific facts

(c) Of exploit adventure nvention whether 1 fact or
ficton

(d) Where the topic 1s one that appeals to the pugnacious
aggressive or vigorously active tendencies

Exercise 4 Emotional and Ethical Response

Exercise 4 falls into six sections of which four concern occa
sions of anger fear disgust and pity respectively the fifth considers
occasions of moral reprobation and the last compares preferences
for alternative situations or types of occupation The analysis of
Exercise 4 was based upon data from the followmg populations
148 boys and 172 girls 1n the seventh grade 116 boys and 128
girls 1 the juntor year of high school and 50 college students of
each sex 1 all 664 subjects

Exercise 5 Interests Likes and Dislikes

Exercise § 1s divided 1nto esght series of likes and dislikes 1n
the first five of which the subject has to declare whether he Iikes
dishkes or 1s indifferent to

A Vocatonal occupations

B People with certamn characteristics

Cand D Certain forms of pastime entertainment occupations
or situations

E Certamn books

The last three series ask him which items from a given program
he would ike dishike or neither like nor dislike

F To draw (if an artist)

G To report on (if a newspaper reporter)

H To do or visit (if on 2 period of travel}

If the nformation exercise 15 an indirect this one 15 a darect
inquiry 1nto individual interests and to that extent would appear
to obtamn 1ts results less from the accidents of expenience and more
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from the emotional dispositions of the subject and so to reflect
more directly his actual temperament and personal habuts of mund
By actual we do not necessanly mean innate for our Ikes and
dishikes are also influenced by environment

Our discussion 1s based upon data from 158 subjects wn the
grade school 200 i Ihugh school 52 in college and 80 non
academic adults 590 i all Each group has an equal number of
males and females

Exerctse 6 Personages and Opinions
This exercise has two sections one calling for expression of

atutude toward selected historical p ges the other for judg
ment of truth or falsity of certain statements Responses to both
sections were lyzed for the foll g subj 121 boys and

122 guls m the seventh grade 102 boys and 118 gurls 1 Ingh
school and 50 men and 50 women 1 Stanford University a total
of 563

Fxercise 7 Introvertive Response
The exercise contains 42 questions 1 each form with Yes
or No answers on tastes habits emotional and imagmative
tendencies facts of experience and a few other topics many of
the answers demanding self scrutiny In general they are of the
type commonly used 1n tests of mtroversion or neurotic tendency
The subjects were the same as for Exercise 6 except that the numb*t
of ugh school girls was 102 nstead of 118
We may amve at an index of preference (for an affirmatine
answer) by adding the figures under Yes and No and attaching
to the sum the sign under Yes since the weights for Yes and
No responses are nearly always the same and never differ by
morethan [ eg
Do people ever say you talk

too much? +2 Yes — 1 No gwvesaPI + 3 (male)
“Are you happy most of the
time? —3Yes +3No givesaP1 — 6 (female)

SUMMARY AND CONCLUSIONS OF TESTS
Before concluding this mquirv with a brief discussion of the
outcome 1t 15 desirable even at the misk of seeming tiresomely



TERMAN MILES TEST 167

fepetiive to recapitulate its main findings exercise by exercise
for their strength rests upon cumulative. evidence rather than upon
any single decisive expeniment Taken serially they run as follows

Exercise I Word Association

1 If we take the associated words absolutely females pick
more often than males upon terms for domestic things or things
suggestive of kindly or sympathetic actvities and much more
often upon terms for articles or qualities of adornment and for
colors males more often upon scientfic and busmness terms and
particularly upon terms suggestive of excitement and adventure
and upon words for foods and each sex prefers names of persons
of 1ts own sex

2 If we take the items which show the most sex-contrasted
responses divergences follow the same lines and also indicate a
male preference for words sigmfying machmery common tools
and outdoor pursuits

Exercise 2 Ink blot Association

3 Response words most obviously assocrated with machinery
or science and with outdoor activities and adventure are picked
upon more often by males more of those connected with domestic
occupations and with aesthetic experience or personal adorament
by females

4 When we consider the items which show the most sex
contrasted responses the term which the sumulus figure evohes
!5 I almost every case one d with a p
distinctive of the responding sex

Fxercise 3 Information

S Females are more correctly informed about domestic occt
Pations damestic and individual embellishment etiquetie fictional
terature certan ponts of musical techmque color shades and
differences and on topics that appeal to actve sympathy and
maternal snterest Males are more correctly informed about political
business economic scientific and physical facts about explonts
adventures and snventions and on topics that evoke aggressive
and active bodily propensities

6 This divergence between the sexes 15 most mar

ked i knowl



168 APPENDIX A

edge of facts or events that interest aggressive or adventurous
dispositions on the one hand and maternally tender or sympathetic
dispositions on the other

Exercise 4 Emotional and Ethical Response

7 Females express the most distinctive degree of anger on
occasions of very unsympathetic or cruel treatment of human beings
where help or sympathy 1s meet

& Females tend to show a more distinctive degree of anger
over school offenses and social vexations than over business and
extra domestic troubles

9 The sexes diverge more 1 the fear than in the anger re
sponses

10 Within the set of fear mspinng objects and situations pre
sented the more fearsome the object the greater the female dis
tinctive fear

11 Females express more disgust than males 1n general but
particularly at disgusing male practices (repugnant habits of
dress and person) at coarse language and at sexual immorality

12 Females express in general more plty than males but most
for the weak helpless and visibly d pecially where the
object 15 a human being or a creature attractive in appearance
and for cases of female more than of male distress

13 Females are in general more condemnatory than males but
more noticeably in petty off and n off more mn
males In neghgible offenses on the one hand and very serious
offenses on the other the sex distinction 1s inconstderable

14 The seventy of male censure increases more than that of
female censure with increased gravity of the offense

15 Of the alternative occupations and objects presented for
choice 1 the last section of the exercise males distinctively prefer
the out of door and adventurous and the useful rather than the
decorative females prefer indoor and urban conditions of lving
and things attractive in appearance rather than the useful

16 Females express more liking for workung with men than
men for working with women

17 Females tend to express a higher degree of the four emo-
tons (particularly of disgust) and of moral censure than males
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express but proportionately less m moral censure and anger than
i pity fear and disgust

18 In general males record more defect of emotion and of
moral censure than females particularly of disgust and fear with
pity moral censure and anger followng an that order

19 The mterval between female excess and male defect aver
ages greatest with disgust least with anger and moral censure

Exercise 5 Interests

20 The occupations for which females express a distinctive
preference are the indoor artistic and decorative and the directly
mustrative  distinctively preferred by males are those entailing
adventure bodily risk and muscular strength or prolonged exertion

21 Males dsstinctively prefer occup undertaken pred
nantly by males females like male as well as female occupations

22 Females record a hugher distinctive preference for predomt
aantly female occupations than males for predommnantly male
occupations but also on the whole as high a preference for mixed
oceupations as males for male occupations

23 Throughout Sections B to H of this exercise a sex tends to
prefer objects or topics which more particularly engage or concern
members of that sex

24 Among the various tvpes of material presented for response
in Sections B to H males are found 10 express distinctive preference
for experience implying adventure aggresstveness of interest 1n
mechanical contrivances for out of door and physically strenuous

3 and for t cc 1 and political nterests

Females express preference for experiences evoking mater‘nal ten
1

derness or active sympathy and for aesthetic and do; y social

experiences

25 In the aggregate female likes considerably exceed male
likes and male dishikes exceed female dishkes but this holds of
Some sections more than of others In three sections of one form
male exceed female preferences

26 In the apgregate male neutral scores
Iike) exceed female considerably but (with one excepli
excess 15 confined to those sections 1n which female likes are most
distinctive

(nether like nor dis
on) this
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Exercise 6 Personalities and Opimions

27 Females show a distinctive preference for women unfortu
nate people and philanthropists males for successful generals
sports herozs and defiers of convention

28 Females distinctively believe statements favorable and dis
beheve statements unfavorable to the female sex they subscnibe to
kindly males to rougher sentiments

Exercise 7 Introveruve Response

29 Males affirm distinctivelv tastes and habits that mvolve
adventure or courage females habits or expenences that imply
tmidity active sympathy and care for personal appearance and
with one or two exceptions they more readily confess weaknesses
n emotional control and (less noticeably) of physique Females
also admit more psychic abnormahties

30 Females more often than males give the introvertive type
of response

We may now consider two questions to which the present find
mgs give nse (1) Can we extract from them a single pnme prin
ciple of sex difference at once not too vague to be ambiguous and
not so particular as to be msigmificant? (2) What so far as our
evidence goes appears to be the relation of the differences we have
enumerated to nature and nurture to endowment and cnvxronmcn!"
We shall take these questions in succession

1 Is there one domunant principle?

It 15 obvious that from whatever powmt we have started whether
from the knowledge shown by the sexes or from their assocrations
or their Likes and dishkes for people vocations pastimes books
or objects of travel or whether we have explored directly or devt
ously their emotions tastes opimions and inner expenences W
have found ourselves arrving at much the same conclustons—all
our ways have led to Rome But the final scene has two aspects—
two sides of the same pict showing diff sn the durec
tion of interest the other differences mn the direction of emotions
and impulses

From whatever angle we have examined them the males 10
cluded 1n the standardization groups evinced a distinctive nterest
n explot and adventure 1n outdoor and physically strenuous
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occupations 1 machinery and tools 1n science physical phe
nomena and mventions and from rather occasional evidence i
bustness and commerce On the other hand the females of our
groups have evinced a distinctive interest m domestic affaws and
In aesthetic objects and occupations they have distinctively pre
ferred more sedentary and indoor occupations and occupations
more directly mimstrative particularly to the voung the helpless
the distressed Supporting and supplementing these are the more
subjective differences—those 1 emotional disposiuon and direction
The males directly or indirectly manifest the greater self assertion
and aggressiveness they express more hardihood and fearlessness
and more roughness of manners language and sentuments The
females express themselves as more compassionate and sympathetic
more timid more fastidious and aesthetically sensitive more emo
tional 1 general (or at least more expressive of the four emotions
considered) severer moralists yet admit n themselves more weak
Resses m emotional control and (less noticeably) 1 physique

But we must define some of our terms more precisely for
stance  aggressiveness and self asserion  The evidence 15 for
mtative enterprise vigorous actrvity outdoor adventure  aggres
3iveness  need not amply selfishness or tyranny or unfatr attack
The compassion and sympathy of the female again appears from
the evidence personal rather than abstract less a principled human
tanamsm than an active sympathy for palpable musfortune or
distress In disgust 1 aesthetic judgment and in moral censure the
evidence 1s rather for the mfluence of fashion and of feeling than
of prnciple or reason Qur evidence need not smply the possession
ofa truer taste or a more discerning conscience

But 1n asking how deep these sex distinctions go we reach our
second question What appears to be the relation of our main Sex
difference to nature and nurture 1o endowment and emvironment?

The questson 15 not let us remind ourselves whether this or
that tratt 15 mnate or acquired for every human act or thought 15
both but whether the actual sex differences we are discoverng are
asenbable to biological (genetic) factors drding the sexes of to
sex differences m their traming and environment So far as the
evidence of our experiment goes We are not Justified 1 ascnbing
the mamifest differences to one alternative exclusnely Certamly
we do not have enough evidence to exclude the gross physiological
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differences between the sexes from any part in deterrining the
distinctive preference of the male for heavy muscular work and
of the female for less active occupations or m determining her
greater sympathy for the young and weak or her greater nterest
1 home hfe with the relegation of outside interests to the male
To actual or anticipated childbearing and motherhood—differences
physiologically determined—we have found no reason to deny a
part 1n determining differences 1n overt habits and emotional dis
positions And 1n the present state of our ignorance it would be
even more rash to deny the possible influence upon sex tempera
ments of the mamfold differences between the sexes in their endo
cune equipment and functioning

Whatever our view as to the mnnateness of the distinctive tend
encies at least as to maternal tenderness i the one sex and com
parative aggressiveness 1n the other our experimental evidence 15
mconclusive However when we examine the more direct mani
festations of these and other contrasting tendencies 1n our exercises
and consider how any particular mamfestation comes about the
power and reach of what we have named cultural sex bias 1ts many
plan and subtle effects on the upbringing and environment of the
sexes within the groups we are considening keep commg to one$
mind In so many ways too famihar to realize each sex gives and
receives such different treatment as largely to explam the diverg
enctes 1 expression or 1 fact revealed by the matenial we have
studied Singularly powerful 1n shaping our development are other
people s expectations of us past and present as shown by their
practice and their precept Whether the boy 1s innately more aggres
stve and fearless more handy with the electric lighting than with
the cooking stove more mterested and informed about public
affairs and about science more active and enterprising physically
and whether the girl 1s by nature more sympathetic gentle tumd
fastidious more attracted to pots and pans than to rods and guns
more punctilious 1 dress personal appearance manners and
language at any rate society 1n the shape of parents teachers and
one s own fellows of whichever sex expects these differences between
the sexes and hterature reflects them Irresisibly each sex plays
the role assigned even in spite of its own protests The consequence
1s that throughout these several exercises however statistically con
sistent the distinctive sex Tesponses may prove we cannot tell how
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deep the difference lies~—or how the deeper and shallower factors
combme And here we must be content to leave the problem for 1t
15 clear that the deciding answer can be wrested not by a more
meticulous struggle with this one set of exercises admmstered to
groups comparatively homogeneous but from (1) parallel exam
mations of socially and racially different groups widely different
1n social tradition and circumstance, and (2) combined psychologt
cal and biological case studies of extreme deviants 1n sex tempera
ments within a given culture
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Heredity Record

HEREDITY histories of both coronary patients and controls were
recorded on the accompanying form, which may be used i con
junction with a punch card system

3 MASSACHUSETTS GENERAL HOSPITAL
L3 i o o | CORAALY PROIEET €MD 3 [ P
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APPENDIX D

Diet Record

S;‘;N"“ES of all foods drugs tobacco and alcohol mgested
iy recorded by the mterviewer on the accompanying form The
iy ounts were then extrapolated to 2 weekly basis for the final

cording and analyses For the coronary group records were made
of food habuts both prior to and after the coronary episode For
the controls the usual diet was hsted and any changes were noted

MASSACHUSETTS GENERAL HOSPITAL
Coronary Research Project No &

name - series sex
age . wo ) (Diet Card)
8) Beet all forms (20)Eges all forms (39)Laguor
3) Veal all forms (21)Milk (per ghass) (40)Cagarettes
(3) Lamb all forms (27)Buttermilk (41)Pipes
(4) Mutton all (23)Cream (4.)Cigars
(5) Pork ali forms (22)Cheese all (43)Digitalis
(6) Bacon strips (75)Nuts all ex 26 (44)Thyrod
(7) Bramns ail (26)Peanuts (45)Sedanves
(8) Liver all (27)Peanut butter (46) Vitameas
(9) Sweetbreads (78)Chicken (47)other
E}?;Frmkruns ete (29)Fow] ex 28 (48) Preferences
S
pecialty meat (30)Beans (49) Aversions

(12)Salmon Swordfish  (31)Coconut
(13)Halibut Whitefish (32)Candy

{14)Lobster crab eic (33) Popeorn
(15)Scallops oysters (34)Coffee (50) Allerges
E:g))lém tallows (35)Tea
utter ol 36)Cocon
(18,011 dresmngs On)Beer (51)Sugar protem carbo-
(19) Vinegar (38)Wine hydrate or fat?

direct _gtass S-serving Porat O-oL) and umt of tme
T Mo casore (0 3hy o woekly Basi Ve Milk 14G-w O-rare

or never



APPENDIX E

Summary of Case Hustones
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CASE HISTORIES
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APPENDIX F

Follow Up Study of Coronary and Unmatched
Control Groups
Corenary Group
A sTUpY was made of the status on December 31, 1953 of the
1 100 1 with 3y heart discase * The results
were as follows

Status of 100 patents on December 31 1953 (97 male 3 female)

W heceabouts
Dead Alne unknown
Men 21 62 u
Women 2 1 ¢

All the deaths af both men and women resulted from coronary
heart disease

Duration of survival fotllowing nttiat coronary episode n the 21 men known 10
have died

Duranon of survivet

in months No of men
0~ 12 Q
13~ 36 5
37~ 72 5
73108 5
109-147 L3

Jt will be observed that for the 21 men who expired the average
survival persod followng the iutal coronary episode was 6 years
and 6 months wsth a range from 16 months to 12 years and 3
months The 2 women who exptred survived 7 months and 49
months respectively

oThe authors are wdebted 10 General Lewss B Hershey Durector Nanosal
Sclectove Service System for hus coopesation m tracing members of both corouasy
and control groups
204



FOLLOW UP STUDY 208

Survival penod followrng imtial coronary episode 1n the 62 men known to have
survived

Du ation of su vival
i monthy

No of men
42~ 80 4
88~ 72 i
73~ 34 g
85~ 96 0
97108 7
109120 3
121-122 5
133-144 4
345~156 2
137-168 z
169180 1
131-192 3
193-204 1
320 1

The average survival peried 1o December 31 1953 was § years
and 7 months with 2 range from 4 years and 7 months to 26 years
and 8 months (The median survival was 8 years and 7 months )

Man symproms among the 62 men known te have survived

Ne ofmn

Man sympromy

dyspnea op exertion 13

residuat angina pectosis 2

mdigestion enly 1
Actvity

full days work 57

partially duablad $

The { remaming woman camed on her household duties

Unmatched Control Grovp

Responses from 130 of the 146 men who comprised the un
matched control group revealed that as of December 31 1953 all
were working Seven had symptoms which may be interpreted as
angina pectons whie 4 others had left precordial pam of nen
specific character One had expenenced a m;ocardm)! mfarction

As a group the hed trols had not B any
severe illnesses Three had had major elective surgery with complete
recovery two munor surgery with no dire consequences







Index of Subjects

Letters following page numbers indicate
a—appendix fig—figure t-—table

Acetate labeled 130
Addison s disease 92
Age
coronary group 2-3 8 14 20 21 43
44t 81-82 83t 86 90 150
192-203 a
cnronary heart disease and 1 22
241, 61 67 72 87 95 96 155
matched control group 101t
unmatched control group 43 44t
See also Cholesterol serum Parents
of coronary group Parents of
matched control group
Alcohol mnsump(mn of
coronary group 17t 18 150
unmatched controf group 16 17¢ 18

Alpha ipoproteins 106

Atherosclerosis
dietand 127-139 159
m other countries 137138
problem of 1-2
See also Cholestero! serum Lipids
serum Thyroid apprassal
Athletic activaty
coronary group 61 62t 63 154
coronary heart discase and 61 63
154

mesomorphy and 63 152
previous studies on 61

Basal metabolc rate 88-90 93 156
coronary group 88 89t 90 91 97
correlations with other variabies 90

97

Lerman and White s study of 87 96
diet and 134 fig

Amuno acids See Cholesterol
Androgens
masculinity and 68 80 156
relation of to death 156
replacement therapy 86 93 161
See also Masculimty
Anthropometnic appraisal 5 6 36-60
1

mdices 39 4246
coronary group 45t
unmatched control gmup 45; 45t
measurements 39 40-41
coronary group 43 44t
nnmalched comml group 43 44t
method 38

summary oy
Arcus senilis 16 150
Army

Pre service occupations 64
weight norms 48 58

Atrhythmias n coronary group 161
150

mesomorphy and
physique and 89-90
standards 88~90 93
unnary 17 ketostero ds and 82 90
Beta lipoproteins 106
Brocherm: al findings See Lipids serum
Uric acid serum
Biochemical morphologreal relations 82
106 108 109t I10fig 12 123
fig 124t 157 198-159
Blood groups tn coronary and un
matched control groups 18 194

Carbohydrates See Diet
Castrates male 68-69
Chemotype 152
Chest pain See Pain
Cholesterol serum
age changes 95 96 100 108¢, 110~
111157

1
atherosclerosis and 95-112 127-139
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Cholesterol serum (cont )
definstsion 95
depossion 112 120 127 136 158
diet and 127133 i34 Ag 135fig
136 138 139 159
coronary group 91 92 129t {3t
fig 157

fatm 132 133t 136 137 139
unmatched control group 129t
t3thg
experiments 95-56 100 104 106
138-139

hypercholesterolerma 28 80 95-96
103 111 112
levels
coronary group 98¢ 99fig 101t
102¢ 103 105 fig 106 107 fig
Jews and non Jews 102t 103
matched control grovp 981 99 fig
101t 102-103 106 107 fig

normal 113

unmatched control group 99 fig
W01t 102t 105fig 107 fig
1091 110fig

masculimity and 68
physique and 106 109t 1106 131
112 138159 See also Physique
race and 102t 103
sovrce 128 130 134-135 159
thyrosd and 9§-92
See also Cholestero! precursors Lipid
mdices Lipids serum
Cholesterot esters
coronary group 91 1091 133t 134
fiz 1334,
unmatched control group 109t
See olsa Liprd indices Lipids serum
Cholesterol precursors 128 136 135
Chmcal findings on coronary grovp 8~
28 130 192-703a
activity at atute episode 13t
age § 14 192-203a
alcohot 36 171 I8 150
arcus sentss 16 130
athletic acttvity 62
blood groups 18 191
blood pressure 14
electrocardiographse 15 16¢, 192~
20a

fluoroscopic 15 192-203 a

heart 34 192-203a

sncidence of snfarction 10t

izl examunanen 13-191
occupation O 64-65 153 192-203a
prognosis 19-70 204-205a
prychiatnic status 4

INDEX OF SUBJECTS

Climeal findmgs on coronary group
{cont )}
race 8-9 31-33 151-152 1922038
roentgenographic 14 192-203 2
sex I 8 67 150 154
symptoms it 12t
tobacco 16 17t 18 150
See also Coronary grovp heredity
Control groups
selectton of §-7
See also Controls for uniaary 17 keto~
steroid study  Matched controf
group Unmatched control group
Controls for unnary 17 ketosteroid
study B] B2 B3t B4fig 36 136
Corenary group
actvily at onset of acute epusode 131
92-203 2
age distnbunion 3-3 8
aging 72 155
alcobo} consumpuion 36 17t 13
150

anthropometric apprarsal See Anthro
pometne apprassal

atherosclerosts and 95-97 136 137

athletc actwmy 6163 154 192-
203a

basat metaboke rate 89t 90 91 97
93

cholestero! 1n sgrum 91 92 98¢ 99
fig 100 101t 102t 131 £361
131 fig
age changes 101t 113 120
physique and 106 109t 110fig
1 158159
race and 102¢ 103
See alsa Cholesterol serum Dist
chmcal apprasal 8-21 150 See alio
Chnieal findings coronary grosp
camposition 8~10
CUP index See CUP andey
dhet ;n; 1291 1316g 159 192~
0:

a
effect of tow chalesterol diet 134

fip 135 fig

examination procedure 4-3 §3-54

follow up study 204-205 &

geographteal distabution 41

harr body 74 761 1S58

bar digital 74

bar scalp 72 74t 155

heredity 22.35 153

hormonat aspects See lodme radio-
active Masculaty Thyrod 2P
prarsal Unnary 17 Ketosteroids

Ineidence of infasction 101 2074
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Coronary group (cont )
lpid indices See CUP indet Lipid

indices
mascubinity 67-78 154-156 See also
Masculimty
morphological appraisal 76t 77t
78 152-154 See also Morpho-
logtcal appraisal
mortality
parents 23t
siblings 23 ¢
occupations 9 6365 153 154
parents See Parents of coronary

group

phospholipids 98 1

physique See Physique

preselection 160-161

prognosis 19-20 204-205a

psychological masculmty 70 71t
72 78 155

race distubution of 8 31-33 151
See also abore cholesterol in
serum race and Race

salivary oxidation reduction poten
tals 145t 146fig 147 148
159-160

selection 2-4 150

sex distribution 1 8 28-29 154

siblings  See Siblings of coronary

socio-economie status 4
sources
Symptoms
at onset of acute episode 12t
m 1949 and 1953 20t 150 192—
2032 205a
preceding acute epssode 31t
tobacco use of 17t 18 150
uric acd 118 119t and fig 120
1221 123fig 125 158 See also
CUP 1ndex
vrinary 17 ketosteroids Kl 831, 84
fig 85t 86 92! 93
physique and 82 85
relation to death saﬁg 85t 86

CUP index 1.0-12 125
coronary group 121t and fig 12+
125
defiiion 120
matched control group 121t and fig,
122 125
unmatched control group 1 1t 172

Drabetes mellitus 96
Dret, 127-140 159

209

Diet (cont )
atherosclerosss and 127-139 159
carbohydrates 1n_128-129
cholesterol i 129t 130t

132 133¢ 134fig 159
fats lzs 1291 132 133t 136
137

131fig

mUS and oth:r countries 137-138
protems in, 128 129t
questionnarre relating to  128-131
151
See also Atherosclerosts Cholesterol
serum
Dinitrophenol 92
Ectomorphy
biochemscal findings 85t 109t and
fig 173fig 124t
cholesterol esters 109t
free cholesterol 109¢
phospholipids 109t
total cholesterol 109t 110fig 111
vric acid 123 fig 1741 158-159
unnary 17 ketosteroids 85t
coronary group 55t S6fig 57 58
fig 59 77 152 See also above
biochemical findings
defimon 51
rating $1-35
unmatched control group 55t 56 fig
57 58fig 77 See also abo e
biochemical findings
Electrocardiographic findings 1 coro-
nary group 15 161 192-203a See
also Myocardial infarction
Endocrine findings See Basal metabolic
rate_lodine radicactive Masculin
ity Thyroid apprasal Uninary 17
ketosteronds
Endomorphy
biochemical find ngs 85t
fig 123 fig 1244, 15,
cholesterol esters 109¢
free cholesterol 1091
phospholipids 109t
toral cholesterot 109t 110fig 111
unc aad 123 fig 124t 125 158
urnary 17 ketosteroids 85t
coronary group 551 S6fig 57 58
fig 59 152 53 See ofso abore
biochermical findings
definmon 51
ratng S51-3§
unmatched control group 55t 56 fig
57 S8fig See also above bio-
chemucal findings

109t and
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Famly meidence of coronary heart dis
ease See Heradity
Fann
n chet 128 129¢
influence on serum cholestere! 132
133t 136 137
Femminsy
wy physique tndices 42
psychologrcal 6972 183-173 3
See also Masculinity Sex
Fluoroscopic exanunation of coronary
group 15 150 192203 a
teft ventncwlar aneurysms 15
paradoueaf pulsanon §5 150
Follow up study
coronaty group  204-205 3
unmasched controf group 205 a
Free cholestesol
coronary group 109t
unmatched control group 109t
See also Lipvd indices Lipids serum

Giant molecules 106 137

Gout $17-118
grtertoselerosss and 118
hyperuricemia 117
masculiuty and 117

Haxr body 72 7478
coronary group 74 76t 158
ratmg 75¢ 76¢
uvnmatched control group 74 76t 155
Harr digtal
coronary group 74
significance 74
upmatched control group 74
Hasr scalp
coronary group 72 Y4t 155
raung of graying and balding 72 73t
and fig T4t
unmatched congrof group 74t 155
Heght
basat metabohe rate and 89-90
coronary group 43 441
meastrement, 41
ponderal sndex and 42 44 45 8990
seruns arc & and 122¢ 123
wnmatched controt group 43 441
wnnary 17 ketosteraids and 82
wewght norms and 48 8%
See olso Ectomorphy
Heredity 1n <Oronary heart discase 2.
35

faruly moriality 22.28 33 331
hypercholesterolemia and 28
hyperuricenna and 28 1215

mode of inbertance 28-31 68 151
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Heredsty
{cont §
race and 31-33 35
See also Parents of coronary grovp
Parents of unmatched controf
group  Siblings of coronary
group Sibhings of unmaiched
countrof group
Herednty tecard card § 33 474
Hormonal aspects of masculimty 80~
93 156

0 coronary heart diseass

experimental studses R0 81 87 83
See also Basal metabolse rate Todme
radioactive  Thyrord appratsal
Uninary 17 ketosterowds
Hypercholesteroleria 28 80 95-96
103
Hyperchylormeronemsa 136 137
Hyperliperma 136
Hyperthyroudism See Thyrowd apprassat
Hypothyraidism See Thyroid apprasal

Incidence of infarcion o coronary
group 101, 20-21
Indices anthropometiie  See Anthro-
pomatric appratsal
Indices Mped See Lipid indices
lodine radioactive $0-91 93 136
age and 87
coronary group 91 fig
cuthyrend patients 91 fig
method of apprassal 90
myxedematous patients 91 fig
other research 87 88

Leasthas, 98 120 See alto Lipids serum
Phospholipds
Lipid inchices
cholestero} esters/total cholesterol
coronary group 103, 1331
matched congrol graap 103 ¢
free cholesterol/eholesteral esters
coronary group 103t
matched control group 1031
totat chofesterol /ipid phosphorus
coronary grovp 91 92 103t 104
105 B 106 3075 357
smatched control group 1031, 105
fig t07fig 157
unmatched controt group 10758
157
See also CUP index Lapids serum
Loprd phospborus
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