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Pathophysiology of Coromary Heart Disesse
The possibility of some ambiguity in the pathological diag-
nosis of athsrosclerotic heart disease prdmpts us to investigate
the meaning of atherosclerosis. Athetrosclerosis refers to the in-
timsl fibrosis and lipoidosis of the vessel involved. The commonly
accepted pathogenesis involved in the development of the oclinical
disease is as follows. Athsrosolerosis involves the left coronary
artery, and for some unknown reason this is oomphioated by intimal
hcmarrhaea and or thrombosis which oecludes the vessel. If this
ocours acutely without adequate collateral circulation the myo-
~cardium distally is mfu-oted giving rise to the term q}ooa:diu

infardtion, and snd then to the climicsl syndrome of myocsrdisl infsrc.
tion. There sre varistions of this process, becsusse if the occuslstion
ocours gradually or if there is suffioient collaversl circulation, the
distal myocardium will only become isohemioc, instead of meerosed, and
this ischemis will ocour only when an inoreased losd is put

upon the heart, resulting in myocardial insufficiency and the olin-

" ical syndrome is termed angina pectoris. Also the manifestations will
vary as to the site of oocclusion, because if the occlusion is

~ distal, ‘then 6n1y a small area will be infarcted and may or may not
lead to symptoms. A series of such small infarcts may proceed with~
out symptoms, may be distinguished only with ECG, and may mn:bm.u
jnvolve enough myocardium by the reéulting fibrosis to csuse hsart

failure. Conversely if the occlusion is proximal a large area of





















There have been studies done showing the elevation ir: the
 serum cholesterol in those patients with myocardial infarction
remains elevated over a cousiderable length of time. A study was
‘performed on 15 patients with coronary athérosclerosis and 15 controls.
Thirteen of the 15 new patients with coronary atherosclerosis had
well documented coronary infarots.and two otbers had typical angina
pectoris and the patients were not included until 6 wecks after the
myooardial in:farct. Serum cholesterols vere-“dmnfmithase‘pogjth
for two years, a total of 914 determinations. The results revealed
the controls had a range of 214-334 mg%, mean of 254 mgh with a
gtandard deviation of 8.7; and in the coranary heart disease
patiénts the range was 308-499 mg% with a mean of 355 ng® and a
-+ gtandard deviation of 24.8. This study emphasized the constancy
of choleaterol level from day to day, and month to month. 17 It
mst be mentioned however, ,“r.hat thore is evidence to indioate that
the level of cholesterol in certain individnals may vary widely
within a matter of houn, and taoat rapid flustustion of serum
cholesterol may be indﬁéed in some people by modifyimg certain
aspecta of taeir environment. thether or not there is-# transient

isolated fluctuation in the serum cholesterol with time, it is

eA@entc that the overall mean cholesterol values over a period
of time is significantly elevated in the Corumary Heart Dimease
patients compared with the normals.
There have ¥gen studies relating an increase in the serum
15



cholesterol level to psychologica.l stress placed upon the indi-
vidual. Classic s_tudy revealed an élevation in the cholesterol
in medical students prior to emaminations, and the implication
' was that tfx_e stress and strain of modern day living was causing
an increase«in the blood cholesterol level and thus predisposing
the individual o Coronary Heart Disease. ‘However, in recert
study in Cleveland imrolv:lng medlca.l students this relationship
- of the elevation of blood cholesterol to the stress of examinations
did not hold true.;q ‘

- Another correlation has been mdé between body build,l sarﬁm

cholesterol and Corenary Heart Disease. A study was done on 97

Coromary He art Disease patiients under age 40, 146 sunimolsy. aid 97
matched controls in age, body build, weight, ancestry and occupa.v-'

tion. The average chelsstérol in the-control was 224 mg®, in the

matched group 241 mgh, and the Coropary Heart Disease patients.

286 mgf. It was the opinion of this study group that 'bhe Coronary
.Heaxt 'Disaaég"¥méﬁrréd primarily in mesomorphs. Serum cholesterol
was higher in mesomorphs by 30 mgh. The matohed oontrél group
differed as gmgh from the regular ogntrol group in bedy build as
did tae COronary Hea.rt Disease group. They found a greatsr percent

of mesomorphs in the matched group as compared with the. comirols,
as well as an increase in the cholesterol, consequently they

felt that as the degree of mesomorphy increaes so does the

potential for Coronary Heart Disease.12
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Lipoproteins

In the search for a relationship between an elevated serum
cholesterol and Coronary Heart Disease, a greater understanding of
lipid metabolism was established, and with the development of better

techniques of chemical analysis, other lipid factors were impli-
cated in this relationship. Lipoproteins, the complex with which
cholesterol travels in the blood, were analyzed by paper electro-

phoresis, and it was found that the beta component contained
more. cholesterol than the alpha component, and that &n elevation of

beta:liprostein was as.sooiated with anincreased insidence of coro .
naTy artery disease. Both the alpha and beta lipoproteins contedn
proteins, triglyserides, phospholipids (which indludes Zatty acids,
' . phosphate radical and a hitrogencus base), cholesterol aniinnn—
esterified fatty acida, the proportions of each being_diffmnt. in

| each case. These lipoproteins were further su’bdividgd b:;r peans of
_the utmeﬁumxgé according to their demsity. Gemerally the
.alpha lipoproteiﬁ are the high densit_y ones and the beta lipo-
,prot'eim the low density lipoproteins. Because of the possible
relationship between the elevaied beta lipoproteins and Coronary
Heart Disease a further subdivisioh was desirable. Cansequemtly
with the ultracentrifuge the low density lipoproteins were subdivided
into factors according to density. The Sg 104-105 or chylomiorons
which have the highest density of the beta lipoproteins form a
cream layer at the top of the eentrifuge tube, and axe c.ompose;i of
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The results at the end of six jea.rs of study of 5,127 in~-
dividuals who were initially free of disease revesled 186 new
‘cases of arteriosclerotic heart disease. In men the cholesterol
levels tended to be higher for those who subsequently developed
arteriosclerotic heart diseasé.in the six years of observation than
in the population at risk. The elevation was most marked for men

in 3he youngest age groups and diminished with age. In evalu-

ating the men and women in the age group 40 to 59 using Chi? the
following was observed:
Table VII
Cholesterol New ASHD Pop. st Risk Incidence/1000 »
Mg % Observed Expected
Men: Under 210 16 454 35.2 69.4
Over 245 51 424 120.0 71.8
WomeniUnder 210 8 A45 18 25
210 -~ 244 16 521 30 31

Over 245 X 689 43 38

The expected rate was calculated by applying age specific incident
rates in the Framingham Study Group to the population in ths spee-~
ified category of sex and cholesterol. 45 It is interesting to note
' that in men with the cholesterol below 210 wd there was an observed
incidence of 35/1000 a.nd expected of 69/1000, and this I:s ‘signi~-
ficant to the 5% level; and of those with cholesterol over 245 mg%
the observed ‘insidence of the new arteriosclarotic beart disease
wag 120/1000 and the axpected incidance was 72/1000 and this m
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also statistically significant. Thus those with cholesterol over
245 have more than three times the incidence of arteriosclerotic
heart disease &s those with cholesterol levels less than 210 mg®.
In women of the same age the incidence is 1.6 times greater. No
new arteriosclerotic heart disease developed in women less than 40
years of age, and significant elevation of the cholesterol was
evident for women aged 40 to 49 who developed arteriosclerotic
heart disease, but not for women 50 to 59.

The manifestations of arteriosclerotic heart disease are
differeant in each sex. During ®ix years of the Framingham Study
of arteriosclerotic heart disease the incidence rate per 1000 was

for males and females as followa:

Table VIII
" Age Males  FPemales
}OA- 44 24.9 109
45'- 60  90.6 44.6 -

The difference in the ratio of arteriosclerotic hsart disease in

young malss as compared to young females is 12 fold, the gap closes
after age 45 so that only a two fold difference exists. Angina occurred
in 70% of the females affected and this was unassociated with
myocardial infarctions, whereas angina occurred 30% of the males
affected and was associated with myocardial infarctions. Sudden
death occurred in the females in 5% affected with arteriosclerotic

heart disease and in 20%
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of the males. Of the 88 cases of myocardial infarsetion oocurring:
48 the men 308 died within three weeks. It is also noteworthy that

45% of the initial myocardial infarctions never get hospital-ised,

because of these, one-half didn't get a ckanoe because of sudden
death, and ome-fourth were not hospitalized because it ¥mse not
clinically recognized, only by BECG, In summary, of the men

affected with arteriosclerotic heart disease, 5T of 125 (30%) died
of myocardial infarction within three weeks, 7 had only ECG evi-
dence, 24 died of sudden death and of these 62% had no pi*eviozn
history, and 37 had angina. Consequently over one~half the men
developing arteriosclerotie heart disease died and one-fifth,
suddenly, so that there was little opportunity to apply clinioal
and laboratory studies. Therefore it seems imperative that we find

methods to prevent this disease, because except in the femsle

there isn't a good chance to treat the disemse after it becomes
elinically manifest because of the mortalitys. Cholesterol
deter-minations in these studies seemed to be effective in
elucidating the susceptible ones. Although this study didn't
Teveal that all those with cholesterols over $¢d will have a
myocardial infarction, or that all those with cholesterols under
260 won't have Coronary Heart Disease, it did reveal that a greater
percentage of those with higzh cholesterol will have Coronary Heart

Disease and that this percentage may be reduced by methods used to
reduce blodd chblesterel.
36



Zpidemiology of Coromaxy Heart Diseage in other Countries

Dr. #ncel Keys has done muck work in relating the epidemiol-
ogioal factors of blood cholesterol aad dietar; fats with the inci-
- dence of Coronary Heart Disease in different countries. .He feels
that many factors are involved in atherosclerosis bmt that there is
no longer any doubt that the conceniration of cholesterol aud other
blood lipids are related to the process. He feelg that the choles~
terol, phospholipids, beta lipoproteins, are all intimately ine

terrelated ana that none by itself affords a safe basis for pre-
diction abont the disease process in the individual. As a dis-

oriminator between Corcnary Heart Disease patients and controls

total cholesterol seems to have muck the same value as some other

meesurements and it is technically si.pler. 3esides, cholesterol
is the main in%ruder in the actual lesions, and i% comes from the

blood. Repeated dietary surveys on large nrmbers of persons im.

whom the cholesterol in the diet failed to disclosea relatinnship
betweén the choleaterol in the diet and in the serum, but to

him this did not mean that the diet was unimportant in regard to

the cholesterol levels in the blood. Nis expeximents-on men clearly
showed that the cholesterol changed in direct relation %o & change
in the total amcunt of fati in the diet. Americans in moderm times
eat 2 relatively high fat diet, whereas 40 years ago the fat oalorie

percentage was 30%, now it ia 40%. XNo other eouniry maiches
31



tiis country in fat cousumptiou. | _

Studies dous by Xeys evaluating%ioholestero‘l’ levels with raecpect
to age and diet in different oountries have given us mich infomtion.
Using for normals several thousand clin;.oally healtﬁ;,r wen in Minne-
aota of the urban white collar class, he found afn interesting age
' trend and a comider..ble variatioa betwezn m:h.vidn&ls at any given
age. The mean value for men %ed 20 waa about 150 ‘mg¥ and this iond.ed.
.to rise more or less linearly with age until age 50 to 60 years
- where the means were atout 260 mg#®; .in very old perscns low values
predominated. This age trend in checlesterol wes very similar to tke
findinga or the inoidence of marked athercsclerosis at sutopsy.

Thoae cha.racteris!:ion of clinically hea.lﬁv nen in Americs
me oeupuod with findings in Italy, England am Spain. A study
m carried on in Neples in 1352, where the a.verage of the diet
both of the whole' population and the mﬁeﬁn gon studied derived

showed that the Yirnesote and Neapollten trends were not aigmifil _
cantly d4ifferent in yewth but around age 30. &eym +0 divIe:;ga.
In the Fifties the Minnésota, men averaged 40-50.m¢% 'iishc&- than

~ the Neapolitans. It might be aaked,iﬁiethat th‘is‘&iff'eregéé- a3 re- -
lated to relative obesity in the iwo cowntriess ~ Actual ieasure-
ments, however, showed that Italiam mbjéota lere ju&é about as
fat as our Minnesotans s gmged bo‘th by :ela:bi#e bod;* Vleights and

by the measurements of the thickmss of. su‘bouta.necmz fat.
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cardiac disea.ses.52

Data of fat oonsumption, cardicovascualr deaths and population
estimates frpm 12 countries -~ Australia, Canada, West Germany,
Denmark, Israel, Italy, Japan, New Zealand, Portugal, Sweden, and
the United States were made. Soatter diagrams for males for seven
age groups by percent of calories derived from fat and death rates
per 100,000 from Coronary Heart Disease were.plotted and no sig-
nificant correlations were found. For this reason, they felt
there was no rationale for the statement of sirang parallelism in
different countries between fat consumption and heart disease mor-
‘tality. These remarks exemplify the fact that the relatianship
between diet, blood 1ipids,. and incidence of Coranary Heart Disease,
is not conclusive and is not accepted by all autharities, however

it is significant enough to stimulate further ﬂm&y.”

Physiocal Activity and Coronary Heart Diseage
: g

Another relationship was studied by Dr. J.N. Morris of England,
-who associated physical activity and one form of Coronary Heart
Disease which he called ischemic myocarddal fibrosis. The -report
dealt with the relations between physical activity of work and fre-
quency of ischemic nvOeérdiaI fibrosis in a sample of 3,800 middle
aged men dying from causes other than Coronary Heart Disease.

Two broad types of ischemic myocardial fibrosis in the left

ventricle and interveniricular septum were desoribed, 1) The
© _



large discrete often solitary patches which were the end result of
mejor infarction and associated with complete or near complete
occlusion of the main coronary arteries oocurring in 90 of the
3,800. 2) The smaller, commonly multiple scars resulted from a
more chronic and lesser fooal parrowing of the coronary arteries
or branches accounting from the remainder of those studied.

The occupations were classified as light, active, or heavy,
and the following relationship m'fbundr;- Ischemic myocardial

fibrosis was more common in the light occupations than in the heavy
and active ones. Scarring among light warkers aged 45 to 60 was
'as common as in heavy workers 10 to'l5 years later. Large healed
infarets were three times more common in %he light workers than in

the heary mkera-,overm; four to five times more common in 45 %o

60 age groups and twe to three times more common in the 60 to 70

age groups. The actual occlusion of a main coronary artery was

common in the light workers. The resulte showed that ’fl"hheroma of

9
the ocoronary walls were not related with the physical activity of
oocupation, ocolusion of the vessel had some relationship, and

ischemic myoocsrdial fibrosis had a significant relationahip.5 A
A study by Dr. Ancel Keys in Sweden of 869 clinically healthy
men aged 20 to 59 in the oity of Helainki and in two pursl regions
.relating type of occupation and bloed cholesterol skéowed ihat in
‘the age range of 40 to 49 the men in ooccupations demanding heavy
physical work had lower cholesterol levels than the manin the lighter
49






the United States eat diets as high as high income families in
calories, starches, refined sugars, fats and oils, but ate signi-
ficantly less fruits, wvegetables, r;xilk,. egzs, meats, poultx'y; and
fish. If one can assume that the male of the lower income families
engages .in a physically active vocation more frequently than the
male of a higher income bracket, then according to Morris the;r
rate of Coronary Heart Disease should be proportionately lgwer than
those in the higher income classes. However the low income families
indulge in a high ca.lorie,‘high fat diet, and this i1s perhaps more
of a factor in prdmoting the development of Caronary Heart Disease

than physioal activity is in hipdering its development,

AI sfudy’.by Metropolitan Life -Ir}surance Company and was based on
mortality experience among different classes of insured lives in-
- volving industria.). apd ordinary policy holders. Industrial policy-
holdérs are for the most part members of the urdan wage-earning
families in lowler inoome brackets. Ordinary poliogholders are
drawn mainly from the urban middle and well to do classes of the
population engaged in professions) business, trade and clerical
occupations. Under age 65 the industrial policyholders repre=
senting lower socioeconomic groups experienced distiﬁctly higher
death rates from arteriosclerotic heart disease than ordinary policy-
holders. These trends were corroborated by a recent Public Health
Service study., Now if we can assume thai the industrial policy

holders for the most part were engaged in & more strézmcns type of
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of Caromary Heart Disease. In one #uch study they compared the bew
havier pattern characterized by intense.ambitions, competitive drive,

constant preoccupation with ocoupational deedlines with behavicexr
pattern with absense of drive, ambition, sense of urgency or desire

to campete. Both groups were similar in fat intake, physical
ectivity, age, height and weight; however the former group had

elinical Coranary Eeart Disease seven times morpfrequently. sg The
characteristic in the behavior which here is implied as predis-

posing to Corona.ry Heart Disease is one which is highly respected
‘dn our society and is held as virtuous. Our society tells us to -

strive hard toward a worthy goal, develope your mind, so that you
end others may eat well, and not have to exart yourself physically.

However these three virtues are all implied as predisposing to

Coronary Heart Disease and consequently, is it & disease created
by our society?

Predictive Value of Lipid Determinatioms
’ %o Coronary Heaxrt Disease

The big question which has evolved from these studies is
whether or not ome can predict with any degree of accurasy by
finding an elevated lipid level which individual will develope
Coronary Heart Disease? If so, which lipid detezwination-would

be the most feasible? This $ask Was undertaken by the joint efforts
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of the Technical Groups of the Committee on Lipoproteins and Ather-
osclerosis of the National Advisory Heart Council and published

in 1956. Their purposes were: 1) to obtain further co.firmation

of the existence of a correlation between an elevated Sf 12-20
fraction of the blood of normal pexrsons and subsequent development
of a mypoardial infarction, and 2) to compare the total cholesterol
and the Sy 12-20 factors as indicators of this disorder. They

based their study on the fact that the estimated anmual incidence

of myocardial infarction in a.ppamntly well men age 40 to 59 was

10/1000, consequently they calculated thai a base population of
10,000 would yield possibly 100 new events. Their population sources
i-ss"lﬁgely industrial organs but also represented exscutive, clerical,
sales, and labor personal who appeared for their companies annual
exaaination. Four laboratories took part inthis study and they were.

locaied at the Cleveland Clihic, Donner Lab in San Francisco Harvard ‘'in

Bosten, and at the University of Pittafnrg.
The ssme tjpo of d.otarninshonl were done at all the labs and wero
‘checked for acc;zraoy'and repmducibiliﬁ. The base population
was 4,914 and produced 82 new events in t&ee years. The choles-
terol meagurement of ali the labs combined showed a highly sighifi‘-
cant ability to place the subjects with definite new eventas above
the fiftieth percentile. The cholesterol level was also signigicant
:_Ln'eom&ring mean values of the measure in group of new events

o4



with the mean value in the base population. Taken a8 a group

the data suggested that the cholesterol was the most effective
measure in separating out new events. Howsver during the study
the Gofwan group at Domner Lab found that the method suggested

for analysis of lipoproteins was not accurate enough and devised

a new method. However the other three 1 abs had started and did not
revise their technique. Gofman had diecovered that all four
.standard lipeprotein classes showed positive and independent agso-

ciation with Coronary Heart Disease. .So the ocombi ned measure- .

ment. wvas termed the atherogenic index and they felt that this was
‘significant for the new events, and they felt that the serum

0ho~)gaterol was not as significant. = However the final decision
of the technical group said that the index measurement described in

this work mseiiuus disadvantages when compared with choles-

terol because of the cost and technical diffioulty.59

In: charts showing the cholesterol and lipoprotein levele of

those with definite myocardial infarots, it was apparent that none
of these measurements led to any clear separation of new events at

high levels and none regularly placed individuals in the upper
one~half of the distrivution. The way they evaluated that lipid

levels were of no use .in predioting individuals who would get the
diseage was Ly the S-shaped curves waich indicated the position of

those who acquired the disease with reference to the cumilative

distribution of the appropriate base population. Bach definite
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evaluation were those with s history of angins, heart attack,
emertion dyspnea, paroxysmsl nocturnal dyapnsea, orthopnea, rheumstic
fever, chorea or heart murmur. They were referred for further

evaluation if physical examination revealed blood pressure over

160/96°, or evidence of a heart murmur meaning
systolic grade 3/6 at least or any diastolic murmur.
Of those studied, 17% had suspected cardiovascular

disease, and in 45% of the original 17% cardiovascular disease

was confirmed. In other words 3.7% of the population studied had
difinite cardiovascular disease which was

unknown to them.., The etiology of the 3.T% was:

Table XV
Number of Cases
Rheumatic Heart Disease 49
"Hypertension 96
Hypertensive Heart Disease 66
Arteriosclerotic Heart Disease 36
Others 18

Howevar statistics published by the American Heart Association
far1955 reveal the following death rate per 100,000 in the United
Statessg,

37



Table XVI

Disease Rate/100,000

A. Arteriosclerosis 266.8
‘1. Arteriosclerotic Heart Disease

including coramary 247.0

2.. General Arteriosclerosis 19.8 .

B. Eypertension and Arteriosclerosis 145.9

1. Cerebral Vascular Lesion 106.0

2. HNoa~-rheumatic endoecarditis amd 39.0

myocardial degeneration

C. Hypertension
D. Rbeumatic Heart Disease

Consequently the type of soreening test as described pwewicusly was
effective in picking up cardiovascular disease, but it did & rather
poor job of detectiag the one disease, that of arteriosclerotic

heart disease, which accounts for more deaths than all of the other

conditions listed do altogether.

‘Nethod for ‘Detesting Cordnary Prome. Individuals

The mortality-from the £irst attack of Coropary Heart Disease
is high, approximstely 35% and 20 to 40% recovering die within the
next five years; therefore it is imperative that we detect those
susceptible to Coromary Heart Disease before it is clinically
manifest, 43

What are the risk factors which may be associated with Coro-
nary Heart Disease, so that they may be recognized and steps can
be taken to circumscribe tne process? 1) Hypercholesterolemlia =

58



over 260 mg% is assooiated with a 3-6 fold inorease in risk.

2) Hypertension (diastolic over 95) is also assooiated with a 3-6
fold increase in risk. .3) Obesity,long history of c-iga.rette smok-
ing, diabetesl mellitus, hypothyroidism, ahd kidpey demage are-asso-
ciated with a significant increase in risk. Habitual physical in-
activity and hypomaniac personality patterns also afe implied. 43
4) Family histo_ry of Coronary Heart Disease is associated with an
increw;ed risk because there is a positive history of Coronary
Heart Disease in parents, brothers, or sisters in 7% of the males
affected and 10% of the females affected. 4 5) ECG is useful
because non-specific T-wave change abnormalities are associated

with an increased coronary proneness. 43
Thus the coromary prone individuals may be detected by a

good history and physioal examination dwelling on the points ’listed.

above, and by détermining seydm cholesterol, glucose, ‘pl‘ood pressure,

woight and ECG.’ IIH; is becoming increasingly evidaﬁt' that coro-

pary proneness is amenable 1o treatment. 1) Hypercholestér@leﬁé._

and obesity may be treated by matritional means. 2) Hypertem-

sion and diabetes mellitus may be treated by mttitioné.l and phar-

macological méans. 3) Heavy cigaréfte ‘smoking and physical in-

activity may be countered by changing living habits. 43
For emample former cigarette smokers wio have quit experience

lower coronary disease ithan those who persist. Modern methods of

treating hypertension have lowered this predisposing factor, aund
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the relatiomship between diet and Coronary Heart Disease as in~

dicating a trend and not an emact relationship.55

Lholesterol Lowering Bffect of Low Fat Diets

It has not been proven that loweriuzg cholestercl or any of the blood
lipids will prevent either the occurance or end results of athero-~
sclerosis exclueively, however there are many reasons for believ-
ing that there is some eonmnection between cholesterol metabolism
and atherosclerosis and while awaiting for the elucidation to be
revealed couclusively it seems justifiable to apply certain dietary

procedures. However because of the biological fluctuation of cho-

lesterol, some conservative sources say one must remember in evalu-
ating the effect of diet that to be of significence a cholest erol
level checked one time after therapy ..must decrease 100 mg% or
there must be a lesser decrease of 60 mg# which is cousistently
maintained. 63

It is kvown that by deoreasing dietary fat which decreases
serum cholesterol coronary atherome will disappear in experimental

rabbits and chickens. This may not apply directly to man however

cutaneous xanthomata disappear om low fat diets in man. 7Tt kas

been found that reduction of the totdl calories due to fat in man
can produce gtatistically significant changes in the ‘blood choles-
terol axd such a response takes place in about two weeks. For

example in men hospitalized because of mental disease from ages
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thirty to fifty with no cardiovascular disease, normal cholesterol
levels and diets normally consisting of between 35 and 40% fats,

a diet was given in which the calories were only 20 to 24% fa¢ and
the cholesterol was decreased an ayerage of 17 t0.25 ,'md.9 How-
ever a leas optimistic study in Sco%land of twelve hypercholesterol=
emia men with Coronary Heart Disease being treated with a 1200
célorie diet with 15% fat ovar & four year period resulted in omly"

a 15% reduction of cholesterol.,

Cholesterol Lowering Effect of
Polyunsaturated Fatty Acids

Besides lowering the percent of fat in the diet, other in-
vestigators have had results by substituting polyunsaturated fats
for saturated fats and gaintaining the same percent of calories
from fat. Seventy-nine men of normsl weight, aged 50 to 59, with
‘an average cholesterol of 251 mg% were placed on a diet of 2000~
2700 calories with fat producing 35% of totel calories, and of this
polyunsaturated fats ocomprised 33% of the fat caloriss. One and
one-half ounces.cf corn, cil, fish, grsin snd vegetsbles per dsy provided
the unsaturated fats. The average cholesterol was 25lmg® before
the change in diet and decreased to 222 .mg% after six months of
the moqified diet. 64 In another study of 300 inpatients averaging
age. 60 dn a state institution a dietary regimen employing a

non-hydrogenated corn oil margarine for other solid fats was carried






tongue, and olive ;oil’ 3) foods prepared comrercially were meats
deleted of saturated faite and other foods that were filled with
polyunsaturated oilé replacing saturated fats such as mtlk, cottage
cheese, ice cream, margarine, prepared cakes, cookies and pies.

ﬁith this diet fats still pi'ovided 40% of total calories.

Comparing quantitatively the saturated and unsaturated fats in
the normal and experimental diets the following was found:

Table XVIII

Grams Fat Grams Sat. Fat Grams Unsat. Fat
Normal 129 51 63 (49%.6f total)
Experimental 118 32 86 (73% of total)

Other figures list the average American diet as consisting of
85% saturated fatty acids and 15% unsaturated fatty acids. The 39
"subjeets on the experimental diet dropped from average b aseline
concentration of 205 mg# to 176 mgh and maintained it at that level
for ten months, whpreas in the control group there was no change.
The hypocholesterolemic effect was noted in two‘ weeks. In only
one individual was there a failure of response, and. during exam.
week there'waé no significant response to stress. The mean change
. 4n the serum cholesterol was 14 mg# as cowpared to the contrel
group which they considered qigrdficant.

Another study re”veéled that on a test diet giving 428 of calories
as fat and of tnis 33% was modified vegetable oik, four j;hysic_im
with previous cholesterols averaging 250 ugh maintained this diet

65









or their elevation together. The point is that the Se 0-12 is com~

posed of mostly cholesterol and is thus influenced vy those factors
influencing serum cholesterol, whereas the Sf 12-400 is composed

of mostly triglyocerides and is thus influenced by an increase in
the intake of carbohydraies.
Dr. Gofman fesls that there is an increased risk of future

myocardial infarction associated with an elevation of the beta lipo=-
proteins Sf 0-12, 12-20, and 20-400 and thet this elevation may

precede coronsry artery disease by at least several years. He re-
vealed that by feeding patients on high animal fat diets for 11 weeks,

with also an increase in regular fat, the result was a signifiocant

elevation Sg 0-12, and no consistent trend or significant difference

in mean levels of the Sp 20-400. Vegetable oils will lower the
Sp 0-12, probably because the animsl fai is not present. Couversely

an increase in the carbehydrate in the diet per day from 220 grams to
385 grams will increase the S » 29-400 and low carbohydrate intake

will lower this. Combining these two it can be seen that calorid.
- restriction with lowering of both the animsl fat and the carbohy-

drate would probably ve the most logical dietary ragimmg9
Dr. Gofman also stated that he felt there was no valid evi-
dence that any protective factor is present in vegetavle oils which

will lower the S, 0-12, 12-20. He felt that the effect was due to

: L .
the reciproocal effe#t on the carbohydrates ani tius also on the
Sp 20-400 fraction, because when the diet was high in vegetable
68









from an average of 312 mg# to 220 mg# and the triglycerides fell
from an average of 236 mg#% to 120 mg%. 62 After this length of time
76% of the comirols had died of Coronsry Disease as coupared with
AA% of those on the lo'w_ fat diet. After twelve years all the con-
trols had diei. ant of those on the low fé.t diet 38% wsre alive.72
These results might point out the benefit which may be realized by
treating with an appropriate :diet those who have a_.lready been
afflicted with Coromary Heart Disease.

However Dr. R. Gorlin of Boston recently sta.*aed.that there was
no..evidence available despite favorable effects of diet on certain
‘meas.urabre c;omponents of lipid pattern that morbidity and mortel-
ity wlll be. favaldhly affected by diet in fhcise who \Z-nve suffered
.from Coranary Heart Diséase. If this method is e#fective it would
be more through changes in the propemsity to clotting f‘.han_to changes
in the arterial wall atheroma. However he did conédder aiet impor-

‘ tant in overweightl' patients, ani in yOung patients with Coronary

_ BBart Disease with l'nfpe‘:z-lipexi:ia,.73

Dietary Treatment of Coromary Prone Individual
What is the effectivewase of treatjmg the coronary prone in-
dividual? Such a study was undertaken and entitled the Coronary
‘Prevention Evaluation Program. The Heart Disease Control Program
of the E:hicago Soard of ﬁ.ealth in May, 1958, launched a piiot re-

search study on the ability to achieve primary prevention of clinical
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Table XX

Corresponding changes in serum cholesterol, weight, and ‘Hlood: ... :
pressure in 99 participants in the Coronary Prevention Evaluation
Program were as follows: 43 ‘

Control Treatment
Serum cholesterol 271 231
Weight 11229 1829
Observed/desired weight . 1,17
/ nelgh 134/88 127/82

" Blood pressure

This shows the effectiveness of tne prescribed diet on the risk
factors.

The relationship between the control serum cholesterol and the
fall in the serum cholesterol of the 99 participants on the pre-

soribed diet was as follows:

Table XXI

Group based on Mumber of Control Trea‘ment Deorease Decreéase

control serum Ken ng % g % o 2 %
cholesterol level

Less than 200 mg® 12 180.7 178.8 1.9 1.1
200 = 224 mg#k 9 216.2. 197.9 18.3 . BeS
225 - 259 mgh 'l'l T 244.1 219.6 24.5 10.0
260 ~ 299 mgh 35 279.2 241.5 3.7 13.5
300 mg¥% and over 26 340.2 262.4 77.8 ' 22.9
All 99 - 271.5 231.7 39.8 14.7

This study reveals that the greater: the elevation of the serum cho- ,
lesterol ;pitjally the greater the response to the dietary regimen.43

In this partioular study the results have not been evaluated yet as to

the effectiveness of treating coronary prome individvals
with respect to lowering the incidence of Coromary Heart Disease,

but the outlook is optimistic.
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evidence to back it up and tone rush by commercial enterprises to

capture the market with the preparation of still uaproved value.66'
Since there hes been some evidence that cholesterol in the

diet influences the serum cholesterol it might be wise to see

what fobds contain it in sufficient qnantitios and those which do

not. A study dome analysing the chglesterol contept of food samples

purchased in open markets resulted in the following: g,

Table XXTII

Patty Acids Total Cholesterol

% % Moist Weight

Beef round (medium fat) 4.6 125
Pork spare ribs 19.5 «105
Liver beef 3.7 32
Brain 10.9 2.36
American cheese 28.2 .16
Butter 68.0 .28
Egs yolk (dried) 63.8 349
Ege yolk (fresh) 33.1 2.0

This study revealed that of the common foods, egg yolk and
brain are the only foods shown to coutain more than 1% of choles-
terol. The average" American diet includes.ouly,K 400 to 500 mg of
cholesterol per day and the body synthesizes twice this amount per
day. 81 Cholesterol comprises only a minor. constituent of the
daily dieta..,{ inteke, and it is not a major cor.stituent of the
common foods coumpared with the percentage of fatty acids.‘ There~-
fore the low fat diets cutting down on the saturated fatty acids

would be sufficient also to reduce any excess gholesterol in the diet.
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the American diet aimed at preventing heart disease in the gen-

eral population. "83

Jrug Therapy

In the atterpt to combat Coronary Heart Disease and working
under the assumption that decreased blood cholesterol would be de-
sirable, many chemical agents have been devised to lower the blood
cholesterol. Triparanol (Mer 29) was developed specifically to
block the endogenous synthesia of oholesterol, and it does this
effectively by blocking the last step in the formation of choles-
terol allowing the accumilation of the métabolic product called
desmosterol. This effectively lowers the blood cholesterol in 80%
of tuose tested, however desmosterol aoccumilates and may be just
as atherogenic as cholesterol. Also there are other side effects
such as producing postmenopsusal bleeding, inoreasing the. SGOT,
produoing a positive cepbalin floculation test, dermatitis, loss
of libido, 50 to 75% deorease in the corticosteroids, and loss of

hair. Comsequently this drug was removed from the ma.rlco*t.&1

Another ageat sitosterol, a plant sterol, when given in doses
of five grars, three times per day, may lower the cholestervl 10

to 15% by blocking the intestinal absorption of cholesterol by

6ompetitive inhibitiom, or by forming with cholesterol a crystal
which 18 insoluble and not absorbed; however this has not been

acoepted.gs g6












people suffering with Coronary Heart Disease. Many other correla-

tions were made, such &s relating Coronary Heart Disease to body
. build, behavior pattern, and physical aciivity. An interesting
gseries of investigations involving different populations related
a decrease in the incidence of Coronary Heart Disease with a decrease
in bloed lipids resulting presumably from a decrease of the percent
of - totel calories from fat conmed Hy\ the population involved.
Similar studies related lypertensigm, obesity, cigarette smoking,
diabetes mellitus, hypothyroidism, kidney disease to amn increased
incidence of Coronary Heart Disease, Ithas been advocated that high
xisk pasients can be deteoted by evaluating their serum choles~-
terol, blood pressure, weight, family history, and ECG. It bas also

been shown tha: diets high in saturated fats, with the fats
comprising about 404 of the total calories is essociated with am in-

crease in blood lipids and increase in incidence of Coronary Heart

Disease. .Consequently diets huve been recommendéd for the high

risk patients which advocate a moderation of total cealories with

fat comprised of polyunsaturated fatty acids, and decreasing the
amount of dietary cholesterol. This type of diet has proven to be
affective, however it is not recommended by the AMA Council on
Foods and Nutrition for the general population. ) Specific drugs
have been tried which lower the serum cholesterol, however they

bhave not been generally acocepted.
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ITI. BEpidemiological studies ir the United Stetes have revealed

an inoreased incidence in Coranary Heart Disease in those with hyper-
teasion and in ‘those who arc overweight. Paecple with serum choles
‘teTol over 260 mgd have three times the incidence of Coronary

Eeart Disease. Rpidemiological studiés in Gther ecuntries revealed

a close correlation betwsen an imorease in the quaantity of fat in
the diet, an inorease in sexum cholesterol and an increase in Coro-

nary Heaxrt Disease. PRecial fectors seamed less dominant than dietary
factors. A dscrease in piysical activity, smolMng, and competitive,
striving persanality patterns were associated witl an increased
incidence of Coronary Heart Disease.

IV. . Caromary Hesrt Disease must be prevented before the ¢lirfioel
digeg@e becomes manifest,. because appraximately 504 of those men
affeoted with the cliniocal disease die suddenly or within a rele-
tively short time. : The coronary prone individual may be detected -
W a hiatory and physival emphasiing hissory of cigarette swoking,
physical insotivity, personality petterns, and femily history of
Qorouary Heart Discase. This is coupled with determimations of

" serum ohiglesterol, blood glmsé{élm pressure, welght, sad BOC.
“The mocpﬁbla pcmm may then be treated by mxmmmx and’ pharm—
mooologioal lia.na, and by & chaggg in livtng habits. mm mﬂ,.
mertt inedulbe & diet molérate La total caldries with the’ feta tom&t-



ing for 30% of tetal calories, with a reduction in eaturated fatty
acidﬁs,gnﬁ ln“i.nérdns in polyunsama‘héd fatty _;éi&é, and ‘andecresse
in dietary sholestercl. Such a diet would fnslude skimmed milk, -°
lean meat, fowl, fish, fruit, eud v‘e'gd‘t‘éﬂfés‘,‘”md would. exclnde
butter, whole milk, cbbest, credm, egg yolka, ‘fat of meat, shore
tenings, margarines, and chocolate. Drugs used to reduce the serum
cholesterol are triparancl, sitosterol, nicotinic aeid,. neomyein, -
'mdeodim dextroﬁhyf@zim, however -these have not been accepted
modes of ‘herapy. The AMA Council on Food and Nutrftion hes not

| ldvventod ehanging the American diet to.prevent Coronary Heart

Disease.
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