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CorOIDFl B.-.rt Disease aa a Jl&jor Caw,e at Death 

The purpose at this pa.per is first to review.the tac-tors 

asaociated with the development at Corona:ey H,a:rt Disease, wbiOh 

includes primarily the study of blood lipid~, a.nd secondly to eval­

ua.te the methods available to oombat the dffelopment at this disease • 

. The siisnit'icance of Coronary Heart Disease as a cause of deatti 

0&11 be reTealad by a glanoe at aooie ata.-tistios. The number of 

deaths in the United States in 1958 due to Rea.rt Disease at the 

d:ltterent age group• are subdivided into the major etiologioalc.:.: 

.oluei:f'ioaticma and compared with the total nwnber ot deaths during 

the same period of time. These tigurea are listed. belowi 

!a'Dle I l 

.Age 'All Heart llheumatio Arteriosolerotio 
Cau:aea Disease Bea.rt Heart 

Disease Diaeu. 

Total 1,647,886 !637,246 17,990 461,,1, 
Under 5 131,350 519 
10-19 - -245 -
20-29 27,341 1,752 644 518 
30-39 48,400 13,620 1,734 4,898 
40-49 104,024 33,052 · 3,264 2-,,737 
50-59 200,922 81,025 4,274 · 61,490 
60-69 342,501 152,699 3,910 117,574 
70-79 418,248 195,331 - 143,426 

!eable ll 

Peroentap oE All Deatha· 
ca.used. by Arterioeolerotie Heart Diaeaae in 1958· 

Peroent 
10,C 2,. 

l 

lcyper-
tenaiff 
Heirt 

Disease 
7:5,634 

--
112 
776 

3,129 
s,,61 

16,991 
24,0'5 



Aooo:rding· to the National Of':fioe at Vital Statiatice in the 

United Stawa in 1959, approximately one-halt of all deaths wre 

caused by diseases of the oard.iovaaoular system, or .509 per 100,000 

popalaticm, and ot this, ,00 per 100,000 pop. was due to arterio­

sole.rori• and degenerative heart d.ieeaae,' and 269 at thia dae to 

artmoaclerotio heart disease including the ooro~ a:rtffJr. Vaa­

_cular leaiona a:tteoti.Ilg oentra.1= nervous ·syatem acoowited for 108 

per 100,000 and this was primarily due to cerebral hemorrhage, 

embolism and thrombosis. The other c&rdiovuoula:r death.a were apli t 

up between rheumatic bean disease, ~ive heart disease, and 

oth~ n0.21-apeoii'ic diseases ot 'the he:&rt &'l"teries and ve~. . It 

ia inte:reating to note that in 1959, 3&,C "Of the CS.atba wre oaue4 

b7 tiaeaaea of the oardiO'f'&Scular system and in 1950, t'hia aoooanted 

tor ,n Gt ~ uatha; -~~r the apeoifio oauu of oardiovaa­

·oula.-r deatha obalJgecl hora 19~ tQ ~9 ea9aqe;l;t1p11r•i~ •~• 
i . ., · . . . 

in deatb.a assigned ' to cerebral bemorrbage,azulp11:J1eit•1'ff ,liiart 
1: 

diaeaae, a.ud au .ino1-ea.H· in tmt de&~ from oere'bral ~mboliam aad 

_ tlirombosie and a;rteri.oaolerotio heart disease especially of ta 

ooro:na:r:, a.rt«ries-2 Death from at"'t.riosolerosia, ea.peoial.17 ot,. the 
·• . 

ooron&t"y' arteries, is on the ruing end of the plank in about ,riruy 

age group in white males azid in the age group ot 65 ~ over, ~ 

has shown a 2!.Jl, _inorease .in.the last ten yea.ref wher•'~•r­

tensive heart disease has gone down ,8% durillg that same ten 19are.:5 .,, . ... -
From this we can see that Coro'lJaZ1' .Arte.17 Disease is a major ca.use 
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of death in the United Sta.tea and the i.ncUenoe is apparently 

inoreaaing. 

How lollg ha.s Corona.r;y Artery JSisease been a. tnajor cause at 

death? He'berden, in 1768, in his olassio account of Al'lgin& Peo­

toria W 20 oaaea, . and Sir William Oeler was ad.mi tted to the 

Royal College of Pby.sioius before he had ·seen a. oase in hospital 

or i,l'l private practioe.4 From olinioal e:zperienoe, for ex.ample, 

Dr• P.D. White feel• thi.t there ha.a been a ·d.e:f'i:nite il:loreaae from 

1925 to 1950 in the ineidenoe af the diaeaae which ia more th&u 

just due to increased le?Jgth at life and better di86Il,Oaia.5 

consequently the clinical d.iseast·waa apparently uncommon prior to 

the ~tieth Century and has steadily bean inareaaing during thia 

century. 

An examp_le of the inoreas• in ~e death rate of Corc:ma;ry 

He&rt Diseaae can be seen from sta.Uatioa ooll7il)iled in Encl• and 

Walee When the rate per milliac. population 11'&8 47 for males aa-
•· 

50 in the period 1921 to 19,0, 576 from 1931 to 19:59, and 91, 

from 1940 to 1945. The patwr.n waa similar for :teu.l.ee but iD­

vohing only abrut on.,..fourlh aa ~ deaths. 'fbere waa &lao a 

aimi-111:r · inoreaa• in the inoid.e.noe · a.t othe:r. age levels, however in 

the middle age group, ,, 40 to 55, the male death rate was increasing 

JAOre rapidly than !"4IDl&l.ea, whereas in tbe older age groups the 

position was rewrsed.4 

·. · Jn ~sis was made o£ im• neorgpsy records of th~ London 

3 



Hospital where the oorona.r,y arteries a.a well as the myocardium 

have been rout:i;nely examined since 19()7-08. Soae 6,000 reports 

from these years to 1949relating to both sexes ages 30 to 69 show 

a seven-fold inorea.se in the number of Coronary- Heart Disease deaths 

a.t1d they suggest that coronary thrombosis and JlliYOcar.d.ia.l in:f'a.rot 

were rare 'b4d!ore World Wa.r I and have sinoe become cOJmnon.. 6-

Bef ore one oa.n accept the faat that, for example, the a.nnuaJ. 

mortality due to Coronary Heart Disease in Great Britain has in­

creased from 27-47/million in 1915-25 to 1,650/millicm in 1956, 

one must analyze these sta:tistios very carefully. The reason for 

this inerease -may be the fact that people are li vi:ng longer, the 

oha.nging f'ashion in .death oertif'ioation, or better diagnosis. 

This inoreased awareness ot the possibility of Coronary- Artery Disease 

is not without its hazzard.s, because~ study in Sootla:ld ;11'tilnd the 

olinioal diagnosis of myocardial infarction aorreot on cmiy 54% 

of 214 autopsy oa.s.es a.ud _ in 19% of 266 other autopsy cases myo­

cardial infaro·tion was no't revealed until autopsy. The diagnosis 

of myocardial infarction was wrong twice as often e.s tha omission 

to make the diagnosis•7 

Another hindrance in U1',Taveli:og the trend_ of mor~l.1 ty stems 

from the radical ohallges _in.troduoed in 1949 in~ and claas.­

:ifioations usecl for reoordi»g the causes of deaths. Some statistics 

---.-harore and. ~ this daue oa.n.' t be compared. ~ore 1119, coro-

-n&ry disease when certified join1111 with chronio 41.s~j,&8.Uah.tas 

4 



diabetes, nephritis, and oarcinoma., was not considered the primary 

cause of death. However with the introduction at. the Sixth Revision 

of the International List of Ca.uses of Death in 1949, tae oerti­

fying physician is required to indicate the underlying diseaae to 

which the death should be ascribed. Also o~ei.m.have come to 

accept a broader olassif'ioatidn of a.rteriosclerotio heart disease 

as more significant fo~ clasai.f'~oation than the diagnosis of ooro­

na;ry artery disease. Therefore .~ of the inorea.se in coronary 

heart disease from 1940 to 1955 could be accounted froa b7 the 

grea.'\er proportion of persons at the older ages. Another 4°" of 

the increase could be ascribed directly to the CWil&'lges in procedures 

and olauifioation. Part of 'the other yd, may have been due to 

the acceptance of a broader concept of oor~ diaeaae, better 

diagnosia, &lld. iDOreue4 uage of th• t_.. Coronary .Arw.17 Diae ... 

1n oertif7uc caM• or death.a 

The tra.ditio~ compilation of sta.-liistica on cause~ of death& 

ha.ve prO?en of value in the pa.st when public heal th was chiefly 

. concerned nth infectious diseases. Now With the predomina.noe of 

chronic diseases these same type of statistics may be inadequate. 

A diagnosis of Coronary Heart Disease in a li villg person, •Y . oe •:made 

on the basis of &J3. acute myooa.rdial infarction.with a history ot 

pain, lab, and. BJG :tintli.Ilga; an old infarct with just ECG.f'indillgs; 

ar,gina pectorls with or without ECG evidence; or heart failure due 

to l'.lWlerou.& small in:f'arota with :a,o erld«noe. The diagnosis in 

5 



those that die atter showing clinical findings, or those who die 

of sud.den death presumably due to acute ooro-na.ry occlusion, are 

determined by the findings of atheromatoua pla.oa, or thrombii in 

coronary -.a.la. Tbe signif'ioa.noe at the pathological find:illgs ia 

dependent upon the amount of ooolusion aDd the resultant change in 

the oorreaponding JDiYOoardial tisS11e. 'l.1his is gi-.en different aig-

nitioanee by different pathologists, ·a.nd oompa.risons of' post mortem 

findinga without uniform diagnostic criteria are diff'ioult to in­

terpret, a.nd unfortunately at present there ia no nati~ or inter­

national standard nomenclature for suoh findings in Coronary .utery 

Disease. Then with this 'Yal'ied informatiOll the pathologist or 

pqsioiam pu.ts down what he tbi uka is the c &Uae of death a.ad the 

statiatioia.u gets this information and 001!4)iles it. ~ px-oblem 

i• that all the si8na and symptoms, and pathological :til'ld.inge are 

lumped in the statistical evaluation into arteriosolerotic heart 

disease inoluding ~he coronary arteries, without rigid clinical 

or pa.~ological basis for the diagnoei~. 

H~r -befQ+e : .th•••-••t:Latioa are cliaNga.rded -wi.thQUt··,&ZQ" 

oc,uidentiom. -it...,11WJt be 'rememb9X'84 ; that the .iwltcllncicleaoe af.. . 

cliseaae ta ·not •.known for i.t\1 ; oGUntry, .. and :f'~e di..stil!1Ct.icma~oa.n• t 

b8 drpn, b\11, aa.jor cdjf:lcenoes . C&ll·:be .drawn. 4fhe .ob~e.otion to 

~ w,,_-s~tistit)a ,on·:;. the e:rom,.d that.:.au1;opd.n 1oftu tiaapee id.th 

ta. ..... fK·tie!th-:.OriZ'lOlllt6ho_.,otnta &Qd,_ tba;t. .i■vl~ -.:A.utopai .. 

i.nVolve only • fraction of deatbat ,ma.: are usually obtained on 

6 



probl• ouea rather than an caaea where there ia little '~stion, 

and. 2) Dia.p•tiiRll• an not really ~ great, b..._. · bi com­

paring autopsy finding-. with oricinal death vutan.:c~te• in 1,889 
. . 

death& in tnlw upper New York state hoepitals there .. full 

agreement in 72'/, ot 276 deaths oerti.tied due to arterioaolbotie 

heart d.iseue. Dis&&reement on the frequenoy o:t this oaase o£ 

daata WU only ~•9 

Ocmaequently, in ff&l.uating the statiatioa co:aoeraiag Ooro­

»ary Reen Disease OD9 J111&t be cognisant of the :tact taa.t there 

ay be so• error 1n the statiatica &Dd. that they -.:.r not r&ftal 

the tru piotare, but at presen'i they are the o!.llJ tool we haft 

tor mealRU"ing the inoid.enoe ot tile dieeue, and._tbe atatia'iioa 

will generally reveal the. trend. of the incddeno4t ot diaeue. 



Pathophyaiology of COz:o!8:17 Heart Diaeu• 

The possibility of some ambiglrlty in the pa.tbologioal diag­

nosi• of atharosclerotio heart diseaae prompt■ us to inveati&ate 

tba meaning of atheroaoleroais. Athero.oleroais reteza to the in­

timal fibrosis and li�oidosia of the Teasel involved. The commonly 

aooepted pathogenesis involved in the development ot the clinical 

disease is as tollon. A.tharoeolerosis involves the left coronary 

artery, and tor aome unknown reason this is 001111:M.oatedbyintimal 

heJllorrbage and or thrombosis which oooludea the veuel. If tb.ia 

eocrura acutely- without adequate collateral oiroula.tion the Jll10• 

· ca:rdiwa distally is inf a.roted giving rise to the :term tqooardial

intarition, ana. and then to the clinical syndrome of myocardial infarc-

tion.  There are variations of this process, because if the occulation 

oceura gra.dually or if � is s\lff':foient ooll&teral ci.r�ulation, the 

distal myooa.rdium will� become ieohell.io• inste-4 ot Dtoroaed, and 

this iacbemia wiil occur only when a.n inoreued load. is put

�on the heart, resulting in 111¥<>0&rdial inauttioienoy- and the olm­ 
ical syndrome is termed a.ngi.XlA peotoris. Also the ma.nifeatations will 

Tary_ aa to the site of occlusion., because if" the oooluaion ia

·· distal, then only a small -area will be in:faroted and ay or may not

lead to symptoms. A aeries of such small infarcts ma,·proceed.with­

ou.t aympiou, ma;y be disti.ng\lished onq with B:G, &lld. may evez,tu&)Jy

;i.nVOlft enough m;y:oca:rdium b7 the resultillg tibroai"a to cause •bN.rt

· �ailure. Convc-aely il the ocoluaion i• prox.imal a large are• ot

I 
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the ~ocardium may be intarcted resultirlg in the qndrome of Dzy"O­

oa.rdial infa.rotion or sudden death. 

There ba,a been an argument going on ocmoc-ning which occurs · 

first, the atherosclerosis or the thrOllboaia? The advocates at 

the thrombosis ~otbesia say tha.t a imr&l thrombus is formed which 

becomes cove.red 'with endothelium, incorporated into the Teasel 

wall where it is organised. amd :forms a tibro1.1a tbicld.ng c,t the in­

tim&. In aoat irurtanoea before organization ia completed :tatty 
. . 

ohangea make their appea.ranoe sometimes w1 th softening and ulcer-

ation and eftn caloifioation. Therefore they advooate that t;he 

atherosclerosis is the reault <1t initial thrombosis. Ocmsequentl.;r 

il this is tne this would ban important bea.ru,g on the etiology,­

beoau•• instead of combating those factora asaooiated with. a tllelN>-· 

aoleroeia, which hu pri.Jlarlly been dlreoted at li,ids, the studies . . 

would be directed tOIIU'd aomatlung in the blOOd which allon the 

o<>agU.lation to proceed.10 

A. s~ in England by Dr. Korrie showed a substantial deereue 

·'4 advrmoed coronary at.heroaa as def'1-d by the report ot oaloitied 

1•iona in tu arteries between 1908-1:5 am 1944-49• The clem."NN 

was a .. n in all the relnant "Xt age am pathological oategoriea 

atudied. Implioatione '·are that corcma.ry throaboei• and heart 

d.iseue •1 . not be aimple awl direot hnotioma ot tb.e atberona.:6 

'fill: tbJ,a ·atwty we will p:N~ that ·berth proo•H•a are ocouring 

~ '-~ ~lopment o-r. OGronaey. Rea.rt Diae~. B;r t.A•· ten Coronary 

. 9 



Jotlri in. ... ie ..... ~~ot•.J4i~.., ...... a!~•j}'mll"~ 

thrombosis, with or _withODt myocardial infarction as the ,iatholog-
•o, 

ioal diagnosis accompa.nyil'lg the clinioal ma.uifeata.tiori.s af myo­

_oardial im'a.rotion,· EOG evidence ~f myocardial infarction only, 

angina peotori&• with or without ECG evidence, ·sw:lden death, and 

h&art :failure a.a a result of lllJl ti;ple . ...u, infarct• a;cd fibrosis. 

These entities would be~~; lumped under the inclusive 

term· - arteriosolerotio heart'. ,disease (.ASHD). 

HOW long ba.ve Physicians been awe.re of Coronary Hes.rt l1laeaae? 

In 1912, at the time that Dr.·Rerriok of Chicago described the olin-­

ioal features of sudden obstruction of the coronar,y arteries, it 

was known that obstruction of the.left oorona.ry ld to· 8'ldd.en 

death. It was alsq known at ~t time that acleroeia CC· the ooro­

?JlU:1 produoed neoroais of the myocardium leading to aneuryn 

rupture or dilatation of the hea.ri, and. they knew.that qgin& pec­

torla was related to the coz:ona.ry artery as wu oardiao ~­

a:i,aa. Howe-ntr it was not realized until this time that large ooro-­

'!JJJ.r:f arteries could be occluded w1 thout reeul ting death, at leaat 

not immediately. Ho~ver be.fore they· could say this they _e,~. 
lished that the oorona.ries were not end-a.-rteries witl"'merely 

capil18J:'Y anastomosis, b\lt by disaeotion and injection they found 
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significant anatomioal anastomosis; ·...i they showed that euoh 

a.nastomosee were ot f'unctional value. Then they described the type 

Cit patient &f'feoted as being over middle age, usually wi. th previous 

angina, the acute ooolusion producing more aevere pain, possibly 

with radiation, nak rapid pulse, decreaaed blood pressure, .ra.les 

in the lungs, oooaaional dyspnea and oyanosis, QCCaaional palpable 

liver, clear mind with no apprehension after relief of pa.in,- and 

perioardi tia. ln hii• oases death reau.1 ted in all oases several 

~s after the OllSet of symptoms. They revealed by-autopsy USU&lly 

solerotio vessels with thrOlOiosis tota.lly oeoluding at the na.rrowest 

area and 1fi th the reaul tant aoftenizi.g of ·the bhrt. Consequently 

it was not until 1912 that the syndrome of myocardial i.n:tarotion 

was recognised, and it was felt that a.t tba.t time the etiology na 

sclerosis an¥ ~ i~'tlmoniboaie of the 1!1t coronary artery .11 . Thia 

disease which was first re-...._~linioally in 1912- 1a now ~he 

commonest cause of '. death in the Uzrl. ted States. 

The process of arteriosclerosis a.nd. more s_peoifioally athero­

sclerosis had been reo~zed by pathologist. much earlier tb&n 

clinical ayndrome af myocardial infarction although it badn1 t been 

oorrelated with the olinical -~. :, .. ·Wi~ .-·er·..;~..tc:,lil,~i- 'i', '. ,, 

_were described. in 1804 by Scarpa and as early as l84LVogel observed 

chole•terol in the atb.eroeolerotic lesions. Windaus inl9'10 

analyzed diseaaeo, aorta.a and reported six times as mu.oh cholesterol 

in atherosclerotic aorta.a as ill normal aortas. Am.tac~ow and 
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Cbalato,r in 1913 produced a.-t;berosclerosis in rabbi ts by feeding 

the animals large quantities af cholesterol. In the 19,0'a there 

1ras an air of aksptioism about this relation.ah1p • . Du:f':f questioned 

.Anitechkow'a rabbit e~erimants producing atherosclerosis by feeding 

cholesterol, a.nd he :maintained that the rabbit is a herbiYOrOUa 

animal and undar normal oirCUDlS:tanoes does not ingest animal ohol­

esterol, thus when an increased .amount of cholesterol is given, 

they have no way of band.ling it.12 

In the 1940'a by altering lipid metabolism b7 feeding choles­

terol, ores.ting ~othlroidisa, or feedillg diet dlirioient in aulf­

~1 containing amino acids atherosclerosis ilall .~4~tac, 

all lab species. However it ,raa noted that r a.bbi ta developed 

cholesterosia when fed cholesterql and tnis was not present in the 

atheroaclerosfs in hl:unans, consequently skepticism flB'.&in a.rose 

regarding the exper~mental simulation of atherosoleroei-e. How- . 

ever later ·they were able, by feeding small quantities of cholesteril 

to rabbits and chickens for long peri'df:e of ti•; to prod.'1oe miniJ1aJ. 

}lyPerohol•terolemia lfithout cn-gan, skin, tendon cholecterosia, 
.,; -

yet lesiana developed in tJae aorta ·a:naj . .ooron&17 vessela 13 Thia 

experimental work alo:ng with the fact that there was a highe:r' incl• 

denoe a£ •:tberosolerosis in anooiatian: with conditions whiQb. give 

rise to high cholesterol levels in man such aa familial an,erchO­

leeterolemia, ~ema, diabetee mellitua, nephroais, and Cuab.inga 
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syndrome, and a . low 1it.-1·0no. of atherosolerosis in those oond.i tions 

wb.ioh are known for their low serum cholesterol levela such as 

oachexi.a, eyp~oidiem, Addison.a disease, and liver disease, led 

to the ~o'thesis tha.t an increased serum obolesterol na &a800i&ted 

with an increased inoidence of coronary atl:lerosclerosis and thus 

an increased . L-ioidenoe of ~ooard.ial inf arotion. 

Elevated Blood cholesterol and Oor9P!:17 Heart Disease . 

In studies of the dietribu:tion"ot ·.-erom cholesterol in serum 

at patients with coronary heart ·dia;ase and oo~trolled groups, 1 t 

bas bean repeatedly shown tha.t oholesterol values a.re d.iau-ibuted 

over similar ranges in both grou.pa but the distribution curve is 

defi11itely skewed 1:11 favor of high level• in corona.Ty heart disease 

,,. · patienta.14 The correla.tive ·studies relating an elevated serum 

cholesterol in Corpnary Heart Di.sea.a• patients have been for the . . 

most part positive, however a study undertaken L .:. 19,6 by Lande 

and Sperry did not oonolude that an iriorea.se in blood oholesterol 

na associated with an increase in atheroaolerosia. They did 

autopaiea on people who had died a sudden cleath, in which there waa 

no evidence in any organ of pe.thologioal oba.t\ge ~her than that 

· associated with the fatal injury or atherosclero~is of th~ blood 

vessela. !he autospy was carried. out soon &:t'ter death, and un­

olotted blood na taken from the heart and. the aorta and analyzed 

for cholesterol. The oholeaterol levels nre oorrelated well with 



the cholesterol in a atudy of heal~ men. !he comparison supported 

the "ri.ew that no aignitioa.nt change in the a.ntemortem oonstitutiona.l 

level of total cholesterol occurred after death. In 12~ persons 

who had ·died suddenly there was no correlation between oonoentre."tton 

~ the cholesterol in the blood and the lipid content of the aorta. 

Since the lipid , oontent al the aorta is correlated with the degree 

of atherosclerosis their oonolu.:3iou was that there was no correlation 

1'ith the serum cholesterol and atherosolerosia.15 

)(Q8t atudies have revealed an elevation of oholeaterol levels 

in Dfl'ooardi&l infarction pa. tients as compared to the normal people 

enluated., · but the relationship ha.s va.ried aooord.izlg to age. For 

uaaple, 1560:1 adult,ipatienta, 149 with a history at old Dij"OOudi&l. 

1Bfa:rction, and 349 wi~ no evidence of ~oCial"dial iJ:Ifa.rotion wre 
. ' ~ ' -

evaluated for_serwn cholesterol. In ales w:1.tli··~inite evidence 

ot ~cardie..1 inf's.rction'ille ·cholesterol levela were about the 

same as· the normals: in th~ ag·e groups_ al 60 a.nd. abOTe. The eleva­

ti~t.1.- ~ cholesterol in those afflicted. over the J'.iltma,u in the 

51--60 age group were ba.rel.7~ statistically •i.¢!icant, · however, the 

choluterol levels were elevatM•■ipifioantl.7 in those with evidence 
' 

_ of myocardial in:fa.rotion in tb,olte 9ees below 50. In _female patients 

· with JDYOoardial infaroil--ion the cholesterol levels wex-e )tig.rdficantly 

elevated over the levels of. the. normals at ill ~e\lsvela. --.._1Jt'blreat~ly, 

a normal obo~eaterol (under 250 md) was found in 12,C of the rqo-

oa.rdial infarction patient••16 
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There have bean atudies done showing the elevation in the 

serum cholesterol in those patients wi. th m_yooa.rd.ial fr.:fa.ro·t;ion 

rema.ins elevated. over a 001.,.siderable length of time. A study was 

·performed on 15 patients with coronary •therosclerosis and 15 controls.
. . 

Thirteen of the 15 new patients with coronary a.tb.erosolerosis had

well dooumented,oorona.ry infarota.and two others bad typical angina

pectoris and the patienta were not included until 6 weeks after the

�ardi&l. infarct. Serum cholesterols were,,daoa r,cm.; ,tbaae..,,pep;ple

tor two yea.rs, a total of 914 determinations. Tbe r•sulta revealed

the oontrol:a had a range of 214-}34 .md, aean of 254 Id with a

atau4ard deviation of a.7; and in the cor� heart diseue

patients the range was 308-499 �with.a mea.n of 355 mg/, am a

.:,,, stand.a.rd deviation of 24.a. 'rhis s� enwh&aized the co�ta.noy 

of choleatero! level from day to day,_. a.nd month .to month.17 It 
. . 

mu.st be mentioned however, 1;.hat there is evidence to il:Jdioate that 

the 1ml of oholes'terol in certain individuals may.vary widelJ" 
' ' 

within a matter ';'f houra, at.Id. t4&t rapid fluotuat1·on-··ot aerua 

�holesterol may be induced in s�me people b;r modityillg'certaill 

aspeota of tueir en'Vironment. Whether or not there ia a tranaient 

isolated fluctuation in the-serum cholesterol with time, it is 

'f1!(ii!.�_ tha.t tlw overall mean cholesterol val••�: a period 

of time is signiliean:Uy elevated in the Corona.ry Heart Dtaeaae 

patients cOJtpa'Nd with the normal■• 

There ha.Te --..ii stwliee relating an inoreae• in the serum 
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cholesterol level to psychological streu placed �pon tb.e indi­

vidual. Qlassio study revealed an elevation in the' cholesterol 

in medical students prior to examinations, and the implication 

waa that the stress and strain of moder1,1 day living waa oausi.ng 

au inore&se<d.n the blood oholesterol level and thus predisposing 

the individual t'O Coronary Heart Disease. However, in a reoent 

study in Cleveland involv.i.ng medical students this ;relationship 

· at the elevation of blood oholesterol to the stress of-exam:i.na.tions

did not hold .true.18

• Another correla. tion h.s been me.de .between body Qllild. serum

. 

.

chole,terol and CorQl'la.ry Heart Disease. A. study was clone on 97 

Coronary IIe a.rt Disease patients under age 40, 146 ·��- • 97 

ma.toned controls in ag�, b� build, weight, anoestry a.ud ocoupa­

tion. The average cheleeterol iu the-.aont.rol was 224 �, in the 

matched group 241 
I 

11€$, and tbe. Oerona.:t7. Heart Disea&il �ti�ta.
• 

286 mg,C. It was the o:,pini:)n of this studi group that -the Coronary 

Heart Dis�IJ,,»o� primarily in· mesomorphs. Serum oholuterol 
. 

was higher in mesomorpba by :,0 �- The atohed oontrol groi.ip 

dif'fered as moll :from the regular oontrol group 1.n body build-aa. 

did tne Coronary Heart 
 

Disease 
' 

crbu.P• They f'oum 
' 

a 
. 

greater 
' ' 

pezoent 

cif mesomorphs in the m4tohed group as compared wi tb the- o.oniirols, 
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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Cholesterol lewl is also elevated significantly in certain 

hereditary diseases. There is a metabolic disease whi.oh is cha.rao­

terized by a definite increase in blood choleaterol and is inherited 

as an inoomplete dominant and called·familial bypercholesterolemia.19 
In this condition there is a. definite i:riorease in the incidence 

at myocardial inf'arotian and angina; in fact it -ooours in 4J' of 

those af't'ected with ttl.s disease·. However in this disea.ae the blood 

cholesterol elevation appears to be enlll.og~ rather than exogenous 
. . ' 

ad thus not influenced by diet. It _is. ueociated Wi..iih ::i:anthoma. 

tu.bero8U11l, xanthoma plazmm, and xanin.lasma. The actual inoid.enoe 

at this disease in the population is not know.J, but it is relatively , . 

ra.re.20 ll'amilial ~erlipemia is another cenetically ti-auaferred· 

clieeaae associated with an cmdogenov.s elevatio.a of the blood• 

cholesterol, &lo.ng with the abaractfll'istio elnation of triglyoerides, 

and 3~ of those with the disease are afflioted with Coronary He~t 

Disease.21 

It bas also been shown tba-t those.who habitually eng~e in 

strenuous peysical activity have a l _ower serum cholesterol than 

those . with sedenta.ry occupation.a. Later we sliall disouas the im- . 

·· portant elevation of tp,e serq11 oholesterol determined by percentage . ~" , ~ /,~ .. .. 

of fats in diet, amount of •tm'&.tAl4 fatty aoida, and .cholesterol 

in the die.t. 'rheref ore aerwn cholesterol IUf' be intluenced by age , 

sex, ti.ma, stress, ~ build, heredity, diet, plqsioal activi't7, 

and diseases such as ~a;llltea aellitus, nei>hroais, .aid •lq_pa~<M.am. 

-17 



Pbyaioloq and BiOQbemiatry at Choleaterol 

we ha.Te been examining the serum cholesterol values in the 

pathological state ·o:r Coronary Heart Dieeaae·&lMi it beboovea us 

to examine tbe evidenoe concerning the normal variation of serum 

cholesterol value 11'.i th respect to age and sex. In the newborn 

infants the average serum oholesterol 18 35 mg% and :t'rOJI O to 10 

days it rise• to 13() 111/:1,~ From age one to puberty there ia essen­

tially no change, and after that it depend.a on au and. · dietary 

intake. ·. In the male from pubmy to age 30-35 there is a steady 

. increase in ·the serum oholeaterol. 22 

,A s~ waa done on med.ioal students at Johna Hopkins from 

1948 to 1957 evaluati.Dg serum aholeaterol. Nil'lety-two peroent 

af the 612 students ranged between 150 id-299 ms%, with a mean ' ,. 

of 228 Did> with a standard deviation•-of 43. The values were si!llila:r 

for ma.lea and. females, a.rid ·the ages included nre from 19 to 31. · 
I 

+n this study the ave~-e cholesterol increased 2.·88 mg% per year.23 

This implies a similar increase in botb, sexes with age in tbia 

age group of 20 to ,o. Howenr from age 35 on, the ·trEmd is leas 

ol~. Some say 1 t advances with age_ to 6o, · a.nd. others say that 

the cholesterol does not steadily increase. 'There is some evidenoe 

that men reach the higheiit oholesterol levels ~etween _agea 50-54, 

a.n.d then it stabilizes or decreasea. It has been found that the 

oholesterol le'V9ls in normal.a between ages 2()..29 .was <Ner 260 mg/, 

in 5~ of those stwlied and tbe proportion over 260 -IDfd, increued 
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in eaoh deoade until aee 50, and then was stable until sge 70 

at which time it deoreased. 24 Among well people unde;r 50, men 

show higher a:varage levels than women. ID the women the oholesterol 

levels gradually inoreaaea in the prem8J1Strual. yea:ra but a.t a lower 

level than in man. HOlfever after age 50 it inoreases at the same 

re.te a.na. on the ea.me level oorreapcnding to men. 25 Also in the 

female tn.n is a premenstrual rise, and a mid-oy-cle· decline which 

corresponds to a decreaae and an inorease in the blood estrogen 

levels respectively, and during pregnancy there is a ~oho­

lesterolemia which is maxi•• during the 31-32weeka. 22 

·:Before we oan consider the pathological signitioance at 

cholesterol we must understand some ~io faota oonoerning the 

bioohemiatry o£ cholesterol •. Cholesterol in the blood is present 

in two forms C the :tree form tiW.d the -•aterified t02"Dl with long 

oh&in unsatura:ted fatty acids. Choleaterol is hydrophobic a.nd 

theretore mu.st be present in plasma with some constituent that 

makes it water soluble. Consequently -th~ cholesterol present in 

plasma is united with a phospholipid-lipogrotein complex. 22 The 

oholeaterol present in pluma ia derived ~ram two aouroeaa the 

exogenous souroe which is the cholesterol absorbed from the i».-
~ 

testinal trao1; in the preaenoe of fatty acida, -pancreatic enaymes, 

and bile. aal ta, and- the ~OWi SOIU'oe which is the ayntheai• 

ot choleawrol occurring priaarily in the liver. The precursor 

1• aoetyl-coenzyme .l. llbiob ia a. product at gl.700].ysi• and ia con-
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verted through the following series of Qb.emi.oal reactions to choles­

terols A.oetyl coenzyme A -- mevalonio acid -- sq-.lene . "!'... deamos­

terol -- cholesterol. The cholesterol s,ntbeaized in the liver may 

1) enter the blood stream, 2) be converted to steroid hormones, 

}) be exoreted as bile sa.l ta which is the primary method. of oholes­

terol oatabolism, and 4) be deposited u:nder abnormal conditiona 

in variOWI tissuea. 26 Also•~ cholesterol may be synthesized. 

in practically all tissues, and as a result of this there appears 

to be no need to tra.:nsport cholesterol via 11poprotein oom_plex 

becauae peripheral tissues can synthesize their 01m. 12 

The oonoentra.tion of oholeaterol in the blood is the reaul.1 ' . 

or cholesterol i?Jgestion and cholesterol synthesis related to 

4eg:ra4ation and excretion. The principal prodllota of cholesterol 

degradation are the bile aa.lts wbioh--&lcmg with aome oholeaterol 

an exoreted. with bile into the intestinal tra.ot. So• ~ both 
I 

a;re absorbed. Choiesterol is decreased by- weight losa, diarrhea, 

~ri'er, exercis•• tb1roid hormone, es~, nicotinic a.cid., and. 

sitoaterol, 8lld. 1a •l~ted by rapid gain in weight, oortiaane, 

ACTH, and. testoatero.ue.22 
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Li;egprotei:m 

In the searcb. for a relationship between an elevated serum 

cholesterol and Coronary Heart Disease, a greater und.erstanding ot

lipid metabolism was eetablished, and with the development of better 

techniques ar chemical analysia, other lipid :taotors were impli­

cated in this ·rela.tionahip. Lipoproteins, the complex with wbioh 

cholesterol tr&nla in the blood, were ailaly-zed by paper electro­

phoresis, and. it was fOUJ'ld that the beta component contained 

more. choleaterol th.au the alpha OOill;ponent, and 
 
tbat &n elevatiou, of

beta liprostein was associated with an increased insidence of coro- 

mzy, artery disease. Both the alpha and beta lipoproteina conw.i.n

proteiu, trigly'oedlu, phoepholipida (which includes :tatty Mids, 
. ' 

. 
' 

' .;'-'�. '.: 
. • .·· 

· :phosphate radioal. and a ilitrogenous base), cholesterol adrltmm-

uterified f�tty aoida, iiile proportiou or eaoh bein& different in 

eaoh ga,ae. These lipoproteina were f'llrther 11Ubdi 'ri.de_d by means of 

. the ul traoentrifug• according to their density. Generally the 

.alpha lipoprotefus are the hip demi ty ones and the beta lipo-

- proteins the low density lipoproteins. Because at the possible

rala.tioDShip between the ele..-ated beta lipoproteins and Coronary

Heart Disease a further subdivisio:a waa desirable. Gonsequeatly

with the ul traoentrif'agc, the low denai ty lipoprotei.na _were subdivided

into factors aocorlling to density. The .5t 104-105 or o�lomiorone

which have the highest density of the beta lipoproteina form a

cream layer at the top of the eep.trifuge tube, and. ua oompoaed �
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lj protein and 99% lipid which -a;re la.rgely trigly-oerides. Theae 

obylomicrons prevail in the blood a.ft~ a fatty Mal and are the 

initial whiole for the transport of exojeJlat.ls tat. Thia oompanent 

is cleared f'rom the blood by lipopro-'Min lipaae. The next traction 

B:r , 20-400 is a lower d.ensi ty lipoprotein 00~1~ mostly trl.Jll~ 

oeridea 8lld is the primary vebiole for oa.rry:Lng endogenous tr~ly--: 

oerides. The next · lowr density lipoprowin S:r 12.;.20 contains 

both triglycerides and cholesterol. Tba.c'loweat density lipopre-

tein :t.a the S:r 0-12 f~tion, and this colltaina JIOStl,Y _Q:taolesterol, 

a.nd. 11; cOD;>rises the largest part of the beta li~oproteina in serum.27 

. Fir•t taey related the sf 12•20 lipopro~in in.-ease with Con­

...,,.- HMl"t Diseases·~ l!u.,t thia· was not as ~ioant as they- hsd 

ho)?ed• For example, in··one study the lipoprotein 1>s.ttelma were · 

ri&l&a.., ta 107 norm&l Clenland exeeuti vea for . ..-nm TMX'•; Ot 

thtJSe, l2denloped myooardial infarcts and 6 developed· a.ngina. 
i 

' 
Impreasi -ve waa the lack. ·a£ cb&rJge in the lipoprotein determination. 

Of 18 who deve1oped evidence of C~rona.r;r He&t"t Disease, ; had S:t 12-20 · 

-greater than' 7~ of the narma.la, and the othera were in the normal 
. . . . 

ra.nge •. 28 Dr. J.W. Gofman deV'eloped a oombinati,)n ot ~e low denaity 

beta lipoprotein compone.nta oalled the a turoaemc index, deter­

mined by the :t'OrJlUla ~.,l(~ 0-12) .,J .16 (St 12.:.400), trhioh was more 
.. . , 

consistently elevated in Coronary Rea.rt D;t.seas• than either of the 

bet. lipo;potein fractions a.lone or oholeaterol .-!on., &lid . ...-.n aho'dd 
. . 

prOlliae of bein.1 of pYedictiw valu•'J but i:ts determination 'IIU oompli­

. cated. ud ooatly-. 
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Pbospholipids 

:a.ea.use pi:oapllol.ip~-as well as "bhe lipoprowi:ns·~ neoerieary 

to keep cholesterol soluble in the blood, tlle phospholipid level 

in blood waa iniPlica. ted a..s beirig signifioa.ut in Coronary He.art 

Disease. Consequently ·the oholesterol/phospholipid ratio was studiadJ 

tile· rational. being that if the ra:l;io were increased there would 

be an insufficent a.mOW1t of phoapholipid to maintain cholesterol 

· in solution and therefore possibly contribute to ~e prooess of 

a:therogeneaia. The stu~ revealed that in a signifioant number 

~ p66pie a.tfeoted with Coronary Heart Disease the- ratio was ele­

vated' in the presenoe of a normal serum cholesterol. However the 

deteraina.tion of the serum phoepholipida is a laborious procedure 

and ~ot practioal.
29 

TJ;J.gl,yoerides 

In the study at lipoproteina it was found that the elevation 

at the Sf 20-400 :traction containing primarily- triglyoerld.es was 

signi.fioant in corona.r.,y a.rteey disease. The S:r 0-12 wbi.oh cou• 

ta.in pri.Jnarily- cholesterol ia elevated in Corona.ry Rear.t Disease 

when the oholesterol ia also eleYated however this is toui'ld. in 

only a small llUlllbe:r at patients, am. it may be due ~ a -apecif'io 

but uncommon dera.tlgeJllent of cholesterol aetabolism. oon-aequently 

beoauae ~ the elevation of' the St 20-400 lipoprotein f,;$ction ill 

Coro:nary Heart Diseaae, and ainoe this .tractiOA co.ats.i.Da primarily 
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triglycerides, the stuq of triglycerides was puraued. It was 

fowld.th&t the elevation of the Sf 20-400 with a oonoomita.nt ele­

ntion of triglycerides and either a norm&l or •titvated cholesterol, 

am. with a alight to. marked turbidity of serum waa the oommonest 

abnormality in Coronary Heart Diaeaae. 24 
\ 

'l'he s~ of the triglycerides in comparison with oholeaterol 

~ doiJe i,l"imarily by Dr. M.J. Albri?llt at the University of Weat 

Virginia starting in 1959. In a •tudl' ot 100 patients with an age 

range .at 21 to 78 with a documented history at ~oca.rdial inf'a.rotion 

and . 9Ui table control• at comparable age•, blood ~ drawn be:rore 

brealdut and analysed for oboleaterol and trl&lyoerides. M . the 

patients with myocardial infarction the cholesterol exoeeded 

269 ~ in l&.' of the patients a.nd in a small per.cent in those in 

the cOl',trol. - The trigl.J.oeridea were·-•levated abaft 5.5 millie­

iUival.enta/li-ter in 70/, of those attedted. Deepite the small 
I 

' ' 

numbera in ea.oh decade, the differences between the meua of the 

no~s and. those with nvoca.rdial infarcts~ signifioant at 'the 

· ~ le"YVl, at least, in all decades studied. ,0 

In 115 male patient• with a history of m_yocardial intarotion 

6 of 43 under age 50 had a serum oholesterol over 260 llld and 

normal triglycerides, ·'..and only one ~ 72 over age 50 ud. this 
, -

finding. Sixty-four of 72 or 8~ over ace 50 had triglyoeride 

levela Oftr 5 milliequiY&lenta, and only about 50'.' had an eleTated 

aholesterol. 24 Tl.le relationship .between inoreased oboleaterel 

24 



lenls am Coronary Heart Disease appeared to be significant onl.7 

in people under a.:;e 50, whereas the triglyoeride levels were more 

aigni:rieant in those over age 50. 

The preTa.lence of inare•ed. triglyceride levels in the normal 

population with the prevalenoe of Coronary Heart Disea.ae has been 

correlated. The pre~enoe rate of Coronary Heart Disease of the 

age group 30 to 40 is 5/10<?0, and at age 50 it ia 36.46/1000. 

Four percent of a given middle-aged population has diagnosed Coro­

nary Hes.rt Disease a·;:; a given time. 
31 

The_ a1"1lC\y revealed in the 

wpposed.ly normals studies that in the 20 to 29 age group there 

were 5% with serwn triglycerides over the 5 milliequi valent/li tar, 

in the 40 to 69 age group there were 40.C over the 5 le'.'f"8l, and over 

70 there were only· 155' Ov'W the 5 level. Now if we oan assume that 

those with ~• definite inoreaae in .the trig;l.yoeride level a.fter 

the JQ"ocardia.l idarction had an actual elevation_bef'ore, then 
I • 

we oazi: see that possibly 'ihe segment of the po_pulation with the 

elevated triglyceride level at the different age groups accounted 

ror those affeoted at the different age level.a sinoe the relative 

J:JWnber, or prevalenoe oorresponde. However to be diagnostic of 

C~ Heart Disease suaceptibili V a serum component survey 

as a_ criterion 11111St have oertain requirements: 1) the critical. 

oonoentl!'ation must be surpa.ssed by most patients with Corona3!7 

Heart Diseaae, 2) the eri tica.l cox1centra.tion mus$ be surpassed 

by that proportion of the normal popula-tion Of a ~Tell a.ire whQ · 
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may have or may be expeoted to have Corona;r;-y- Heart Diseeae, 

3) the normal population must not have the ~ttribute. in th• con­

oen.tr&tion -a'bow the critioa.l value.,1 

tiw natr.~t·:SW&-:::»'9n, ~ ~~bd-.e·: tle,itiieljoeiide lewl 
. . . . . • . 

tllhlMiallt•-:-eJJnaW:.fieQdo.ar:y .. ;aeut· .J,iaeaet,•i ,,fitb relgl•G't ,-.c>.-ta-eqnire-
. . . . 

119Dt~ wo, 4:.~~1llfflla•,1Jl 'i.om&J.·c,Mzl .._. -~~u~d,. 

above nol'1JW-l in 4~; over ~-,. 40. keeping with the prop~tion which 

might be expected. to be harboring the disease in whom overt aani­

teatatione will eventually develope • . The triglyoeride level waa 

ebserYed to increase with age, but not in all., ;eoause there wu 

a tendency tor the aerwn triglyoeride level over 70 to be •similN" 

to the oonoentrati01;1. of the normal persons of age 20 to 30, a.nd 

this suggests that by 70 · moa ii persons with high serua tfi&lyoerides 

h&Te died. Coo.sequently this stuccy- nggeata that an increased 

triglyoeride5levei abaft 5.5 milliequivalenta/liter or 175 lid 
I 

sy be related to the de'Yelopment of Coronary Heaz't Disease. 
:,f 

.Anotaerr,Jlimenaion with respect to .the triglyoeride level is 

the faot that excess triglyceride oonoentration in plasma. may 

accelerate blood olott.ing, inhibit f'ibri:nolyais, inter.f'er with 
. 

o:qgen uptake, iJIIM1r myocardial 'bal<XXl flow, and oaused. aggregation 

and adhesiveness ar·red blood aella. 32, 33 
The serum triglyoerideafor these atu.dies were analyz~d as 

follon: ']he blood waa first analyzed for total fatty a.cida af'ter 

b¥drolyais, a.nd alao for total cholesterol and lipid phoaphate. 
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The triglyoeride fatty acids were then estlJil~ted by subtracting 
, . 

the fatty aoida att.rl.butable to eholesterol.es.ter, ~pl\Gfpholipids 

from the total fatty e.cid.s.
30 

Another prooedure consists of selec­

tive quantitative extractiou of triglyc~rf:det t»oa the plasma, oom­

plete saponif'ication of tr:tglyoeridea, oxidation of gly-cerol forming 

forma.ld~de, and the oolorlmetrio estimation of formaldeeyde. 34 
With the exception of eh:romatOgraphio techniques all routine determ­

inations of triglyoerides are based on the estimation of the ditter­

enoe between total lipid a.Dd. sumo£ cholesterol, ehOlesterol esters 

· and. phospb.olipids. ·FN!il this it can be seen that this procedure 

is 1~, require• oonsicierable technical skill a.nd is subject 

to.considerable error • 

. Comparing the technique utilized tor the ana~sis at trigly­

oerid.• with that used for estima.ting--0holesterol, it oa.n easily 

be seen that although there are ma.n;y procedures 'for the eatimation 
I 

of cholesterol, they are all more easily performed. and require. 

leas tim~ tb.an the triglyceride determination. · ·:ptor •DJ1.Pl8 tbe 

mcrotechnique for the analysis of serum total oholesterol in~ 

. volvea mi:x:i.Dg .1 ml af ael."Wll with 4 ml af :FeCll:,, :t'ilte:ring after 

- 2 to J minutes, add.i:ng H:f.30 4 and read.i.Dg in a spectrophotometer. }
5 
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:rai Tolerance 

Still another factor implied ir.. usociation with Coronar.y 

H1 'eart ~• ..... • ia an i mpaired :ts.t tolera.noe. ·In this a~ the 

unsaturated fat oleio acid is ma.de radioaat;ive by adding Il}l to 
·' . 

its double bond, and it lau been found that when i.ngeated it behaves 

similarly to nonradioactive lipid. In thia teat the patient, after 

an <nern18ht fast, d.rinka oreanunixed with 5 ml of r131 labeled 

triolein and the blood collected at 3, 5, 7, 9, and 24 hours. Tbs 

blood is then analyzed for lipid ~ z
131

, a.nii a1a·o tar the op­

tical. density of the plaama, which would be a measure ot the lipi~ 

pre••'• In a study invol Ying 31 men age 43 to 66 who had. suffffed 

a m:,ooa.rdial infarction at least one month prior to the study, and 

aui table controls, it was found th.al. t the optioal demi ty, ~and . pl&ama . 

1
131 

triolein-oo:ncentration were significantly higher in tne patient. 

'with Coronary Heart Disease. The differences between the heal~ 
I 

and the diseased were moat marked nine hours after the.:;illgestion 

af 'the tat. HoweTer l" af w · diseased patients bad a ~ 

. ·· response 1d. th reepeot to the levels of: 1131, therefore they con• 

eluded th.a-t the fat tole:l'anoe tea·, WM not invariably posi tiw 

in patients with Corona.:cy Heart Disaase, and 1 t seemed unlikel1: 

tha.t it would bd ~ highJ;r reliable teat in revealing predlinioal 

he&n diaeue.'6, -,1. lfevertheleae the fat tolerance teat witb 

11}1 ·diatingu.iahed between the heal~ and diaeaaed people~ 

etteotively- than the 18"1 of fu-t~ oholeaterol or :tuti»g ·totai 
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esterified. fatty acids, and it may be of greater value than theee 

~ in predioting auaceptibility to heart disease. 

J'amilial H;y;eerlipenp.a 

A disease called familial byperlipemia was described in 1932 

a.n.d was diagnosed b~ the turbidity of tb.e fasting serwn and later 

by an a.bnormali ty in the fat tolerance. It is 8ll inborn error of 

lipid metabolism ollaracterized by elevated levels of serum trigly­

a.ridea, cholesterol and phospholipida, a.n.d is dif'f'erentiated from 

familial byperoholeisterolemia by the millcy serwn in the fa.sting 

stat, due to the elevation in the triglycerides.,S 

It has been shown that after the i.JC'eetion of 1131 labeled 

trithin by patients with thi■ condition exoees amounts are re­

tained in the blood streaa, and this -occurs to a degree in patients 

with Corona.ry- Hear~ Disease. ~h~ serum level of 1131 labeled 

triolein was signif'ioantly elevated in the Coronary Hean Disease 

patients only at the ninth hour a.ftel'WICC'ds, and it was signifi­

cantly elevated in the familial byperlipemio patients at the ninth 

and twenty-fourth hours. Studies of 24 hour urinea rEtVealed that 

.32% of the 1a·oeled 1
131 

was excreted in the familial hyperli:,endc 
-. . J 

patients, 45% in the Coronary Hae.rt Diaease patients, and 5°" in 

the heal.tl\r"individua.ls. These studies suegest tha.t there:iia a 

defect in the removal of ingested triglyoerid.et and also a delay 

in its excretion both in those atfeoted. with familial lqperlipemia 
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and Coronary Heart Diseases tb.e d.itferenoe here.~ may-be only 

a matter of degree. Serum djterminations of trigljcerides and cho-

1esterol in familial ~erlipemia and Coronary Rea.rt Disease also 

reveal similar abnorma.liti•s as in4ioated. by the following~: 

Table Ill 

~oerlde1_ 
(milliequivalents/liter) 

15 Healthy People 3.4 • 2.2 
15 Coronary- Heart Disease 5.5 • 2.9. 
15 Familial B):perlipemia 5s.5 • 34 

Cholesterol· 
(milligTama 

percent} 

222 • 38 
}lo• 74 
511 • 58 

,Familial eype:rlipemi& is associated witb Coronary Heart 

·J)iaease in 34% and is also associated with tlialwtea mellitus, exan­

thomosis, and. hepa.toapleenomegally. A •tu.dy in Sweden showed that 

y/, of a..ibousand college students had faailial }qperlipe~a. 39 
If this incidence is true tben the relationship. beween 11n>er-

I 

lipemia and the development of Coronary Heart Disease ~ be a 

close one, howenr it atill remains to be P?'O'l9n•· 



Epidemiology of 
Coron:gy Heart Disease in the United Sitilu _ 

There have been epidemiological . .-twlieaH.n :;U,ia,: o~..and 

abroad to correlate such faotora as blood-lipids, daily activity, 

diet, and socioeoonomio co.ndi tions to Coronary Rea.rt Disease. Proll­

ably the mo,.1t intensive •~ ~ being lJarried on in ~amiIJgbam, 

Mass. During 1948-1950 the Na:tior.al Heart Inati tute established 

a field study here to s~ the extent and develop1118nt of cardio­

vascular disease in a ·cross section of populati~n. The object was 

to obaraoterize the population which developes a disease and to in-
, 

dioate in what pa.rtioula.ra it differs from the segment of the popu­

lation not subjeot to the disease.10 Theeaple size and ace dis­

tribution were chosen to provide an adequate group ot persons to 

be observed 20 yea.rs or more, thus those studied at the start were 
. -· 

aged 30 to 59. Evidence of Coronary Heart Disease 1t'U made on the 

basis of 1) olinloa+l twd. BlG evidence ot myocardial infa.roti..-:m, 

2) evidenoe of JIJ'jk)ardial'infarct by ECG only,,> sudden, death with 

or without p~xiating evidence of Co~ Hearl D1aease, 4) angina 

pectoria, and 5) ~oardia.l fibrosis leading to congestive heart 

failuiJe. In 1959, 4,469 were examined. 41 
The presence of high blood press\lre was s~rongly associated 

~ . .,} 

with the development a£ new arteriosolerotio heart disease. Hyper­

tenaion was assooiated with a 2.6 fold increase in risk af develop• 

ing arterioaolerotic he&l't disease in men age 40 to 59, aAd. eyper-
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ten.ion increased the risk six tiaes in WQDl8n of the aame age. 42 

With reapeot to the relationshi.P to weight, they found that an 

increase in weight after age 25 was assooiated with an increased 

risk of Coronary Heart Disease. The United Sta G8S Life Insurance 

Companies have shown this same relationahip. · However this waa in 

oontra.st with a study ot Ancel Keys in which he fOW&d only 4.~ of 

a group ot 105 men with Coronary Heart Disease aa beir.tg oV9rlrei.ght. 

In the Jrrami:ngham study in evaluating 52 •n with a.rterioeolerotio 

heart disease, 19% exoeeded. the relative wei.€,·ht which they oalou­

lated as the ratio of the individual's weight to the med:i:um night 

The risk factor associated with obesity defined as . weight.per­

centage with respect to normal standard weight for a pa.rtioula.r 

age a.od height is a.a follows: 

Table IV 

Risk Faotor Number at Risk !,.~er develop­
ing CHD 

Non-obese 303 
Moderate obesity 
(15% ~r) 226 

Marbdly obese 
( 25% over) 138 

13 

15 

12 

Inoidenoe 
Nwnber/1000/ 4 yr. 

4~ 

66 

81 

OOJUJeq,uently this indicates an increased riak with r~~eot ' to develop-­

. •'t of CorCJIDliU"y Heart· l)isea8e in those peo,ple wbo ye1gn over :that 

weight designated aa normal. for tlwir pa-ti0¥lar age ~ height, and 
' . . . ' 
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the greater the weight, the greater the riak.43 
In studying the relationship of blood oholffteroi to the inci­

denoe a£ arterioaclerotio heart diaeaae in ules 45 to 62, the tollow­

lig was :f' ound in the f'our year follow-up:• . 

Table V · 

Cholesterol "JJ)f$· Population New Diseue Bate/1000 
at Risk 

898 52 58 

260 & above 172 21 122 
225 '\" 2;9 265 12 · 45 
Below 225 445 18 40 

A OOIJl>&rative study of Coronary Heart Disease in Albaz:l;f, New York, 

ot 1,913 people ages 39 to 55 revealed the following relationahip 

between cholesterol and new cases of arte:rioso.lerotio heart diseue: 

Table VI 

Total Chole•terol '. Popul.atiorm New. Cases Bate/1000 
at lliak 

Below 200 
200 - 274 
275 

457 
995 
209 

5. 
l4 
13 

11 
l4 
62 

.. Then is a decided. dif':f'erenoe in the rate per 1,000 ot new oases 

in tu two studiea _amoag thoae with high cholesterol l~a, how­

ever the aip.:i.f'ioant tact is that in both studies the indj.viduale 

With higher eboiuterol levels are appa.rentl.7 a greater rialc tor 

the d.evelopaent at a~ HNl".t_Diaeue. 44 



The· resul ta at the end of six yea.rs of study at 5.,127 in-

di viduala who were initially free of disease revealed 186 new 

·oases of arteriosolerotio heart d.iaeaae. Inmen the cholesterol 

lcmtla tended to be higher for thoee who subsequently developed 

arteriosolerotic heart dieease..ln the six yea;rs of ol,eervation than 

in the population at ri•k• The elevation was most marked for man 

in 1M y°"11lgest age groups ·and diminished with age. In eval.u­

ating tae men and -WOJDan in the age group 40 to 59 using Chi 2 the 

following was obaerved1

Table VII 

Cholesterol New J.SHD 
-�

)(ens Under 210 16 
210-- 244 29 
Over 245 51 

Womens Under 210 a· 
210 • 244 16 

over 245 30 

Pop. st Risk 

454 
455 
424 

445 
527 
689 

Inoidenoe/1000 
Observed E:q)eoted 

35.2 69.4 
63.7 70.s

120;0 71.e

18 25 
,0 31 
43 38 

The expected rate was calculated b;y applying age apecit'ic incident 

rates in_ the Frami?Jgham S� Group to the po�a.tion in tha apeo­

i:f'ied category- of sex and oholestero1.45 It is interestuig to note

th& t in men with the cholesterol below 210 ed, there was an obsen-ed 
. 

J 

incidence of 35/1000 a.nd·e:irpeoted '4 69/1000, and tbia" was signi-
, 

-

t"ioant to the� lewlJ aud of those with Oholeaterol Over 245 lid

the obaervedJi.n.eidenoe ar �• new arterioaclc-otic be&rt. diSM&e 

11118' 120/1000 aad tae expected inoid.anoe na 72/J.CX:iJ au4 1ibie-. 
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also statistically signifioa.nt. Thus those with oholesterol over 

245 have more than tbree times the incidence of uterioeolerotio 

heart disease as those with cholesterol levels leas than 210 lid. 

In women of the saae age the incidence ia l.6 times greater. No 

m arteriosolerotic h8lirt disease developed. in women less than 40 

years of age, and significant elevation of the oh9lesterol was 

evident for women aged 40 to 49 who developed. a.rteriosclerotio 

heart disease, but not for women 50 to 59.

The :ma.n:U'estationa of a.rteriosclerotio heart diseas-e a.re 

different in eaoh sex. During ■ix years af _the �ham Stu� 

of arteri�solerotic heart di.sease the incidence rate per. 1000. was 

tor males 8Ad females as f'ollowaa 

T&ble VIII 

24.9 
90.6 

--Fema.les 

The difference in the ratio of arterioaolerotio ba&rt disease in 

youne; malss as oo�ared. to young females $.s 12 fold, the gSiP closes

after age 45 so that only a two fold difi�fence meta. Ang� oc� 

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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a£ the ll&l.ea. Of t!!8 88 caaes of IW"OO&rdial iD:t&Ntion ooaurrillg::. 

iii the men 30$ died 1fithin three fteka. It ie a.lso·notewo� that 

45% of the initial JI\YOOardia.l infarotions never .-t hoapi tal­ize� 

beoauae at these,r ·one-half didn't get a o1aaDoe beoa.use of sudden 

death, and one-fourth were not hospitalized beoauee it DB not 

clinically recognized, o� by ECG. In surm:na.ry,�ot .t)aeJ18Z1 

affected with a.rte.rioaclerotio haart disease� 1f ot 125· (3o.') died. 

af myocardial infarction within three weks, 7 had only JOOG ffi• 

dence, 24 died of sudden death am of these 6Z' had no previ.oua 

history, and 37 bad angina� Consequentq over one-halt tbe am 

develo_pUJg a.rteriosolerotio heart disease died and one-fifth. 

wddenly', so that there was little op_portunity to ·apply olinioal 

and laboratory studies. Therefore it seems imper•�ive that u find 

methods to prevent this disease,. because exoep_t  in the fe:inal� 

tbere isn• t a good chance· to treat the disease after it beoomes 

olinioally manifes-ti because of the mortality. Cholesterol 

deter­minatians in these studies seemed to be effective in 

elucidating the susceptible ones. Although this s� didn't 

reveal that all those w1 th cholesterols over !60 will have a 

myocardial infarction, or that all those with ch?lesterole under 

260 -.on•t have Coronary Rea.rt Disea.se-t it did �eve&l that a. greater 

percentage _of thoae with hi6h cholesterol will have Coronary Heart 

Diaeaae a.n4· that this percentage may be reduced� u'thod.a'UHd to 

.--4u.#e-l>lood  ohblesterol. 

     36



!:pidemiology of Coroll&l""J Heart Diseaee in other Countriea 

Dr. Jn<:el K�ye has done mch work in relating the epidemiol­

ogioal f'aotors � blood cholesterol a.ud d.ietarJ t'ats with the inci• 

• denoe of Coronar:T Re&rt Disease in different countries. -He feels

that JD&Izy" factors are involved in atherosolerosis ·'bltt �t there is

no lone;er � doubt that the conoentrati_o:n a£ cholesterol and other 

blood lipids a:re related to the pro�ess. He feela tbat the choles­

terol, phospholipids, bete. lipoproteins, ;are all intill\3.tely in-
. ·, 

,- ' •

. . 

terrelated and tb&t none by itself a.t'f'or� a sate buis for pre-
diction about tbe disease process in the fa1di:vid:ual.. As a dis­

oriminator between Coronary Heart Diseaae patients .and control.a 

total .cholesterol aeeaa. to have much the same value u some other · 

mee.su.re:senta and. .it i_s technically si.�ler. Beaidet, cholesterol 

is the m&in inlrwier in the aotual lesions t and it comes from the 

blood. R9ll•�ted �eta.ry � on large JmJab•rs of· pe;ra-Ql'lS in• 
• I • 

whom the cholesterol in the diet failed to disciosra �letil'.'n.­ ehip 

between the ohole.aterol i..� the diet am. in the serum, but to 

h:Lm this did not mean tba.t tlMiJ _diet was un:i.mportant in regard to 

the aholuterol levels in the blood., 'Ria a;pQ:imenta-,on •l'l o1-arly 
. . 

ahowed that tbe cholesterol �d in direot · nla;µon to -a; cha?lge 

in the total am<'U.nt of fa/.; in. the diet. Americans in modern times 
. . . 

eat a.relatively high :tat d.iet
_, 

whereas 40 years 
- 

ago t.h-, f'a.t oa.lorie 

_percent�,:,,. was �. now it .ia 4Q,t. Bo other 00tmt±--.; aatchea 
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tt.ia country in fat co....sulli;.)tiou. 

Studies acma by Keys evaluatint�oholesterol leYels with rsspect 

to ae,� and diet in different oountries have Biven us moh inf'orma.tion. 
. ' 

' 
t 

Using for normals several thousand olil:lioally hea.lt� :!!!en in l!i:nne-

sota of the urban white collar cl.a.as, he f ou.rid ait;�interesting age 

trend .&M a c,ouaider:."ble va.riatio-.u. between individuals at ar;;- given 

age. The mean value f� men e.g·ed. 20 we.a .about 1,0 ·md> and this· .tend,od 

to rise more or less li,ne&t'ly with ag� until age 50 to 60 7ea.ra 

where the means were al;out 260 mg%; in very old. perao:DS low values 

predor.riateci. This �-e trend in ohcleaterol ftS 'n'I::f llimil&r . to the 

findings on the inoi@nce of mrked at1-%"oecleros1a at autopsy.

These cbaraoteriatioa of olinioaJ.11 healtb;y )Mm in .&marl.oa · 

were ooa.pe.red witll t:lnd1:oga ill Italy, Baglmi aad Spain. �- nu.at

1'&8 carried an in �plea in 1952, where the average at the diet 

both of the whol♦; ·population and the� aen studied. derived 
. . 

. . ·.- ; 
. ... --, 

·• 

showed tb&t ·the �o� 9.Ud. N�_politan trenda,t•re not eipi!'�-:_ ,._ 

oantly ,different in·� wt a.rom,.d. age 30·>:tlmy'·� to diftrp. 

In th• Yif'tiea the Minnesota. men averapd 40-50:Jd ·�h� � · 

the Neapolitana. It might b• aaked:,whether. tltt• differeJlbe· was re- · 

lated to r.l.a.ti Vl3 o'bes,i ty in +..h4t two cO\int:cl.u.• / A.Ctw).l bieae'Utte• 

:mants, howenr:1 sho� that !tali� SU.bjec�• wr.re juat &bout a

fat··�- ·our KiDn,eaotw' ·as gauged both oy·:�la.ti� � $if;hta ·tmA 
. . ' . 

. 

by the measurements of the thickness· of �boa�ec,,.ia f$.t. 
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The study in Kadrid, Spain, included 105 poor f'amilies who 

were found to be on a diet low in both fats and total calories • 

.Again in oomp&rlson with Minnesotans the oorreapondenoe · in youth 

and the di~genoe after the age of 30 was striking with respect 

to the cholesterol conoentration. In their fifties these Madrid 

118n averaged 50 mg,C lower than the Minnesotans. Wbereu the S?Jl!Ul 

wealtlcy" and pro.fesaional olaas in Madrid lived on a diet at leaat 

ae lu:m.+i.OllS and a.a high in fats and oalories as ill the United States 

and their cholesterol levels paralleled those values of the ~e­

sotms. 

-·The- •tuitv ot ·Irdndcm males renaied a · similar• 'tNM4 wi-tb- rupeot 

to· tlij · 'ft.ri,anoe- of · '&he s •~- ohola1aer<Sl. ·w1~ ac•1 al the diet · of 

the iroµp studied 1t'&8 like that of' the Minnesotans. ~ relation-
-· 

ship of serum cholesterol to age in the di:f'ferent groups studied 

Table ll 

Cholesterol. given in wrme ot ~ . 
·· Age Naples London Poor Sp&liia:rda -;Riola ~pa:iat.aria . l1lm.elo"AU 

20 135 
30 . 216 
40 231 
50 229 

187 
205 
248 
255 

181 · 
215 
223 
210 

202 
217 
24:5 
264 

180 

' -
260 

In relating these :tigurea totlie inci'denoe a.ud. mort,J.it)r 

from Corcm&ry Heart Diaeaae, for ~a.in, _they could •~ -say that 

Coronary Heart Diseaae wu s~ly UllCOIBnOn in tile guaral popu-
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: 

lati<m. as surveyed in the hospi ta.ls a.nd publio oliaioa. There were 

however man;r . c~es amo?lg the weal thy patients af the pre.cti tioners. 

. Unfortunately Spaniah vital ataUstics were ei th.er p-ra.ctioa.lly 
•, . •• I • • 

nonexistant or relatively unreliable. 

The comparison between the males in Minnesota., London, and in 

,Na.plea with respect to the incidence of Coronary Heart Disease was 

establiahed. by the followi:ng chart: 

Table X 

Deaths of men in 1948 and 1949 in terme of per 1000 ~ given 
age asorib&d to all circulatory disea.aa and to degenerative 
heart diseases (~oca;rd.ial am. coronary heart disea.ae.) 

Category 

(.Age) 
u.s. · Whitea 
Eogla.nd & Wal.ea 
I~y 

.ill Circulatory Diaeasea Degenerative Rea.rt 

40 • 44 50 .. 54 40 - 44 ,0 .. 54 
1.66 5.65 1.19 4.44 
0.7 . _2.73 \ 0.27 2.04 

.0.63 1.()6 0.25 1.02 

These statiatioJ ~ &Lbiehei- .- ih,ot-4-,.: cit"••~ltiM9Se 

in the United state• whiteSf however these f'igures can. only be ued 

to estimate a trend because we know that before the crlaaaitioation 

was reused in 1949 there was muQh amb~ ty in the claasifioation 

and also other figures don•t revee.J,: this l!llloh d1vvg9+ioe between 

coronary Heart Disease. in · tbe United Statea ·&nd Engla.nd. 46 

In .1956 Ke,-s extended hiss~ to inolude ·aome olinioally 

heal~ Japanese men engaged in aedenta.J:-y ocw;pationa .:l,n_.J~ 

Hawaii, and Loa Angeles. Of .U the lat'ge oou.ntries nth detailed 

40 
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vital stati•tios, Japan reports the lowest !Jl()rtality rate from 
, I 

coronary Hea:rt Disease. Dr. Paul White and oilier internists who 

checked hos pi ta.ls in :rwtu.ok.a, Japan, and in Homlulu, Hawaii, te•ti:tial 

that Coronary Heut Disci&Se 1t'&S fairly common among Japanese in 

Ha.waii but veq rare ip Japan~ However ~ertemion waa common 

in both regions. 47 

The :f'requericy of aevem atherosoleroais in oo.aseouti ve autopsies 

cm. man in Minnesota, Caueaaiana~ and Japanese men in Hawaii and 

Japanese men in Japan , is revealed in the follO'll'iJJg chart: 

Table XI 

Age: 30-39 40-49 50-59 60-69 

:Men in :Minnesota '2o,C 42'.£ 6&.' 7'1$ 
Cauc,uians in Hawaii 18% 38% 6~ 1&/i 
J apaneae in H_!t.waii · 5% &,' ~ }4% 
Japanese in Japan ~ 4% F$ l<>:' 

Compa.rillg the Japaqeae in California, it is known that Coronary 
' ' 

li"1a:rt Di~ease is their leading oause af death Gd the representa-

tion of the disease in ihe Japanese Hospital in Los .A.ngelea am. in 

·private practice is much _the same as :for the C~oaai~ in California. 
4 7 

The aerum cholesterol waa compared in these same groups of 
' 

people. The serum cholesterol :tor 110 Japanese men-in Bawa.ii 

averaged 76 '.BJ&'I, higher than for their 153 counterparts in _Japan, 

while the serum cholesterol for the s,1 Minnesotane was ■till higher. 

Another•~ of Japanese man age 40 to·49 ~-;~:i:Ul~ 

relationship to serum oholesterol.s 47 
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Table XII 

'45 Japanese ll9l1 in Los .An&ele■ 
}5 Japanese man in Hawaii 
54 Ja.,pa.neae l.,_._ai in:"J.,,au 
55 J~• clerka in Japan 
57 Jae,anese m:1nera in Ja.pan 
50 Japanese . farmers in Japan 

205 ~ 
180 nd 
155 ·Jd 
118 -_ ... _• 
ll4ifid 

· u2ffd 

Oompari.ng this to .their t-at _inte.ke, fat provided less than 10'.' of 
. . . 

the total ...:Loriea tor . the ,1'arae:rs 4l Japan, and tha highest :tat 

intake na ·tha.t of the p}qai,oians in Japan wllo iot an average ot 

~ at their .oalori•-:trom fa.ts. In H~ii the Japane■• men of 

tui■ . ap &TU"apdia·Uttle over ~ of. their calories ·1'rom fat, and 

1n Loa A.tigeles . the average was a:lniost 4(Jr.'. The aena oholeateroi 

waa linearly related; however ~his 'relationship was not depem.ant 

upon d:l.tterences in amount ·ot obMity. 

A study of the inoWuoe of ooronar;r atheroacl~sis t,9Undiin _ 
.. ' 

•i>opsies of :imerioan soldiers kille<r in Korea wae -don.e am OoJli>ared 

with a similar study- .'1£ J-.panNe aen. 'l'be series oonsiated of ,00 
I 

~ioa.n men with an' &V'W.1168 age of 22.1 years. In 77 !.'1> then_ 

was IIO:al8 gross avid.GM .of GOrOD&ry diaeue .whiob Yaried from minimal 

eooent:rio thickeniJlilto cord,plete occlusion of one or more o? tu 

main ooronar.1 bra.nob.es. OVer ~ ot iw:aal oooluai.Oll was :tou:n4. 

in 20 0&ae~. • Darill£ a five ·year par4o4, 1,480 118410&1 caminez-• · 

oases of all agea in J'apue,e oi tiea ~ ~•d ·aa14 onlf 14 wre 

coded. aa oor~ death.a. In atudiea oond:llot.cl 011 these. J&pall.ffe, · 

J.eeions were laud in 6,,Cat thoM studied, an4 "the plaques were 
.. ' . . : . - . • 

locatw. at the aame pluM aa · thos• f'OWltl in the A.meri.~ whlob. ' . 
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were at places of stress. There were two main di.tterenoea in 

the two studies, l) '.Chere were no plaques over ~ lumi.rlal n&n'Olf' .. 

ing in the yQUl'.lg Japanese males 20 to · ,0 yean of age, and 2) lfhe 

amount of phagocytized lipids in the strom& of the plaques were 

fa.r less in tbe Japanese NZies than in the Amerioa.n series. Thia 

implies the ,&>ossible influenoe of the plasma lipid.a a.Di indirectly 

the fa~ in the diet. 
48 

These studies point to a cultural and economic relationship 

to Cor0n&r7 Heart Disea,se, beoa.use th-e Japanese in Japan oompris-. . 

iJJg the workir..g olaas adhere more to the diet at their anoestore· 

wh;iQh.does not inolude a diet high in.animal fata consequently 

th•i:r<-.. l'\U.1i'i.O.hO'~~j:o1 ;,ii )lOW'>OQSlp&n ttt:•17::iat::.ia.~ "h•irilf.dli.enoe 

ot Corona.ry Heart Disease. .ls the Japanese of Japan beoome·, more 

eduoated and. economically ■opbistioated and are finanoially ·a.ble, 

they be~ome more atun"- to the ou.stoma Gt the world.a.round thui and 
I • 

indulge in the delicacies of the Western world whioh includ.es in 

the realm of diet, a ·diet high in animal tat, and this is refleeted 

in the studies of the Japanese pbysioians. Then a.a the Japant■e 

emigrate to Hawaii they become .more influuoed by W•~ Oultuf'e 

and dietary ouetoma as indicatatd by an inoreue · 1n tl'leir 4ieta.r., 

animal fat and oonsequen~ an inoreue in blood. cllo1-aterol and 

incidence af Coronary Heart Diaeue.. '. ~lhen-:iheae Ja,IIM■W !~l• 

.emigrate to C&lif'ornia they beoome entiNly engulfed by •riou. 

oustoma and. a-u;tter the penali ties of euoh luxury IMf ahown. by their 

43 



incidenoe af Coronary Heart Disease associated with a correspond­

ing increase in serum cholesterol. Thus these atwlies point more 

to an en'rl.ronment~ relatio~hip of Coronary Heart Disease than 

a racial relationship. 

A study done in Capetown, South Africa, baa provided the rela­

tionship between the incidence at Coronary Heart Disease, choles­

terol, diet and different raoia:l groups at ditterent states of 

social arul economio development. 

Table XIII 

The relationallip of mortality from arteriosolerotio heart diaeaae 

to choleatffol levels and fat in the diet in di:tferent aocieoonomio 

groups in Capetown, South A.trioas 

Socioeoono!ld:o 
Group 

Jwropean 
Cape colored 

·B&tu 

Kortali ty :f'rom ASHDl __ 
per 100,000 ages 55~59 

628 
274 
Loir 

Cholesterol~ 

242 
195 
Hie 

Diet~ 
Calories 
from li'at 

40 
25 
17 

The relatiomhip impUed ia that ·I.he higher the social economic 

status regardl .. • of raoe the greater the_ percent of total calories 
. . 

of diet i -a compoaed of a,ni ma) fat which increases the-total . ~olu-

. terol and ~ ,PrediapQS~s . to Coronary Heart DiNaae. 
4
, . 

.ui eftl.uatian:_:,f the raoial 1>a.ttern of Coronary Jear1; · Disease 

. reveal.a tbat tbe negro male in the United st&-S. of middle aoe 
baa a similar incidenoe of Coronary H811111ir't Disease:aa ~.-.. .. whit. :aa1. .. , 
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rates af increued serum cholesterol and obffi t;r. On the other 

hand, the negro females ~ve higher rates af Oor0l1aley' Heart Disease 

than white females, and they b&Tehigher rates of. :b;yperteDBion, 

obesity, a.ud ·diabetes mellitu, and similar preva.lenoe rates.of 

1noreased serum· oholeaterol compared with Yhite females. Thia. 

atu~ diacloa•• that poaaib]J raoi_al :f'aotors are i.rlfluenoial, be­

cause the negro peop1e·1ian a similar inoiaenoe of Coronary Heart 

Disease as the white people, but. it qems to be ·110re closely re­

lated to 111Pertenaion which is more prevalent in theu- race, and 
. . 

less closely related. to ■arum cholesterol. However, this study 

did not designate whether or not those negroea with an increased 

serum cholesterol value would be more ausoeptible to Coronary 

Heart Disease.50 

Serum cholesterol changes with age among ditterent people 

under inf'luenoes.of ditteren.t diets. Middle cl.us American oh~ 

lesterol level■ t~·to rise with each decade af lite-• a pati.r.n 

abaGt in the B.a.utu of South .A;frioa,. or in the poorer olaesee_ of 

Italy or Spain, but present in the wealthier olasaea. Economic-
t-

ally underdeveloped countries get less than~ of oal.oriea frOfl 

a.ni mal origin whereas the ..u&erican geta 41~. . It is interesting to 

note that genen.lly ~ the economioally underdeveloped oountriea 

mal.mltrition, infections, pa.rasitio inteata.tio:i....8 a.re the kill~, 

whereas ill a. eoonomioally developed 001mtriea the <l.egenerati'ff 

diseaaes l1ave replaced th• epi4e-1o inf'ectioua diaeue and diaeasea 

45 



of undernutrition .. Thu.a, populationa subsiding on diets low in 

percent of calories from fat seem to be immune to Coronary Heart 

Disease, whereas populationa with lrl.gh percent of fa1i in the diet 

may or ~ not be susoeptibl• to the disease d~ upon sea, 

endocrinology, heredity or poasibly type of WOff.
13 

The population of aconomioal.ly deveioped countries differ in 

marry respects besides diet: suoh ditterenoes include raoe ·and ethnic 

r&titma, climate and geograp~, urbu:isatiOD., availability m: non­

human energy, ha.bi tual p~sioal a.cti vi ty, cultural vadttions~iad 

payohologioa.l make-up. :tt us been found tha.t race a.no.· etbnio rel.,.. 

._ ,:,~ oliillate and popnpby don't play a part direotl;r, wt only 

in-ao-ta.r-as th~ influence the ~ooioeoonomic factor~ of wbioh dietary 

. habits a.re mos~ important. 43 

In' t:qe United States atherosclerosis and i1is va.rious mani.­

fastations rank number one as causes of death, and premature 
I. 

Coronary Heart Disease is occurri:ng with epidemic lrequenoy among 
' ' , 

middle aged urban and rural men·or vil:'.tually all soeioeconomio, 
' ' 

- etbnio, and raoia.l strata throughout the cOURtry. All exhibit-high 

mean levels of i,erwn lipids and oorrespo:ndi:ngly similar diet patterns 

o£ increased intake ·of am.mal foods, saturated fa'ts, · cholesterol 

and refined carboeydrit~th 43 Whereas there is a lower inc:idenoe 

at Coronary Heart Disease in primitive tribes of Afri.oa, . oerta.iu 

population gr()ups of Italy, Spain_and Greenland where fa.ta oomprise . 

a smaller proportion of thei:r diet~ Orientals who subsist on a 
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vegetarian diet have a lower inoidenoe of Coronary Heart Disease; 

however Japanese, Americans, :Bantu, Sc-.ndinavia.na a.nd Hawaiians -

show .a straight line relationship between the·percen~ of calories 

in the diet from fat, levels of blood lipids, and i.nciclenoe of 

Coronary Hea.rt Disease.51 
There is not um1m,m ag.ree:ment to this relationahip in po\>ula­

tion studies o·i diet, blood lipids and -inoidenoe of Coronary Heart 

Disease. One observer points out that the methods used ir. such 

studies employed the indirect method of study in the dlJsenation 

of grou.ps, &tld that from the indirect method~ association to the 

individual oould be made, but was not proof of a cause and e:ffect 

relationship. It _has been pointed out that in 00W1tries using 

}O to 40,C oalories from fat the mortality · Yaries greatly: for 

example, in Austria awi West Genl&ny there is a death rate of 

300/100,000 due to coronary Heart Disease, whe.teas in Australia 

and Canada there is~ death rate of 600/100,ooo.52 J.lao the basic 
. . 1 

data is ·subject to limi ta:tion both .as to the comgonents of the diet 

in which it is al.most iflpossible to determine the fat actually eaten 

and the actual mortality beoauae af the con:ttlaion in classification • 

.A.no~r rebuttal ia the fact tb.at·th• pa:eswaed association ia not 

specific for.fat in the diet or for disease of the heart. For 

eDJli)le, the usooiation with heart disease .is stronger 1'hen animal 

protein i& substituted for tat and there ia a etzong neptiw 

aasooiatton for bOth a.n:i.8111 pro'iieia and ~at with lll01"'talit:r .b'om non.-
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cardiac diseues.
52

Data of tat oonaumption, cardiovasoualr deaths and population 

estimates t'rom 12 countries -- Australia, Canada, West Ge�, 

Denmark, Israel, Italy, Japan, New Zealand, Portugal, Sweden, and 

the United States were made. Soatter diagrams for males for seven 

age groups by pe.roent of calories derived from fat and death rates 

. per 100,000 from Coronary Hearl DiBMSe wie�plotted and no aig­

nifioant cor.rela.tiona were found. ·P'or .this reason; they :relt 

there was no rational& for the statement of strong pa.ra].leliam in 

clitterent countries between fat consumption and heart disease mor­

tality. These remarks exemplify the :f'act that the relations� 

between diet, blood lipid.a, aDd. inoidenoe of Coronary Heart Disease, 

is not conclusive and is not accepted by a.ll authorities, however 

it is significant enough to -stimu.late_further •'tud1'•s}

I • 

PA,Y!ioal iotivitt and Corpnary Heart Diseap. � 
Allother relationship was atudied by Dr. J.N. Morrie Of' BDgl&Dd, 

.who aasooiated p:cy-sical activity and one form of Coronary Heart 

. 

Di.!:leue whioh he ca.lled isohemi� myocardt.al fibrosis. The report 

dealt wi� the rela.Uons between p�sioal activity of' work -.rid :f:re-
. . 

.. 

. 

quenoy cxf isohemic my�dial fibrosis in a sample of.,,eoo middle 

aged men dJ'ing froa causes other than Coronary Heart Dis9&5e. 

Two broad ty_pes of ieohemio m;yoca.rdial fibroais in the left 

ventriole a.nd interventriaula.r septum were desoribed/ 1) 'fa 
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large discrete often soil tary patches whi_oh nre the end result of 

major infarction and associated w1 th complete or lW&r complete 

occlusion of the main ooronary arteries ooourri.ng in 90 of the 

3,800. 2) The smaller, oommonly !Il\lltiple soar� resulted from a 

more chronic a.nd. lesser :f'ooal narroil'ing of the ooronary arteries 

or �ranohea aocounti.ng from the. remainder o:f those studied. 

The occupations were classified as light, active, or heavy,

and the. :f-ollowille, -rela'iienship .. w&s. found-•· Ischemie myocardial

f'ibroais was mo� oomonin the light oooupations. tll,a.n_ in the hea� 

and aotive onea. Soarrillg amOJJg ·li�t workers aged 45 to 60 1h18 · 

'as oommon as in hea.Yy workers lO. to;i5 years later. Large heal•d 

in:t'81'0ts were·three times more ·ccmtmon in.Vole light workers than in 

the hea-.y 1r0rkera,.aver�; four to :f'ive ti.mGa � common in 45 to 

60 age group� and tw to three times __ mere oolDDlOn in tu 60 to 70 

age groups. The actual occlu.eion of a me.in cOX'Oll&l7 a.rtery·was 

oommon 1n the light workers. The reaulta ab.owed that ·&-\h.lU'OJD& of 
7 

the oorona:ry walls were not rela:ted-nth the physioa.l activity of 

.. oocupa.tion, ocoluaion of the vessel had some relationship, �

bohemic ffl3'()oa.rd.ia.l fibrosis had a signifioaut relationahip.
54

A st'u.d$" by- Dr .• Ancel Keys in Sweden ot 869 clinically healthy 

men aged 20 to 59 in the city of Helainki a.nd_in two t'U,l:'al regioo.a 

,relating type of occupation and blood· cholesterol •u11ed -that in 

· the age ra;nge a£ 40 to 49 the men in oooupat.iou demanding he6ff,Y

physical work had lower cholesterol levels than the man in the Ughter
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work, but .at other ages the cholesterol le~l appeared to be unre­

l&te4 to habitual pbirsioal exeroise.
55 

The study of Morris suggests that the pqaioa.l a.ctiy,ity re­

duces the myooardial fibrosis a.nd · it' •.it )()Oours in those aoti vel.y 

engaged in peysica.l strenuous work then it is manifest by smaller, 

more nwnerous areas of fibrosis which a.re less likely to result 

in death, at least· not in a relatively short periOfl of time. This 

phenomenon could be due to the formation of anastomotic channels 

to a greater extent in those people engaged in more ...-igorous aotivi ty.54 

Dr. A..M. Masters, in reviewing his 111¥0cardi&l infa.rot caaea, 

:f'OUDll·tha.t 40.C were workers and laborers although this group made 

up only 50% of the g-.er&l popula,tiOll. Store, otfioe, and businesa 

oocupations accounted for 46% of his oases, yet this group aooounted 

for only ,9% of the.general populati.on. 56 Thia is a rough correla,­

tion between the peysioal aotivi ty and incidence of Coronary Heart 

Disease, but it agrees with the more detailed stu~ of Keys and 

Morris~ 

On the o·th<:Jr band, Sta.ml.er showed that in a study in Chicago 

of white ma.lea from the lowest medium income braokeu there was a 

higher age -'l}eoifio Coronary Hear~ Disease death. rate._am.cms :1;.he:: 

unskilled. laborers than-males f'rom other oooupa.tio.na of similar 

age and raoe.1, With reapeot to ~ir diet the United. Sta.tea ..Agri- . 

oul:ture IDformation .Bul.letin revwed that low income :taailiea in 
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'iihe UJlited States eat diets aa high as hi&h inco• familiea in 
' 

calories, starches, refined sugars, fats and oila, eut ate signi­

fioantly less fruits, vegetables, milk, eggs, Dl8&ts, poultry, and 

fish. . If one can asaume that the male of the l_ower inoome families 

engages.in a p�sically aotive vocation more frequently tha.n the 

male or a higher income braoket, then according to Morris their 

rate of coronary_Heart Disease should be proportionately- l�wer than

thoae in the higher inoome classes. However the low income families 

indulge in a high calorie, high fa;t diet, and. this is perhaps more 

ot a factor in promoti� the development ot Coronary Heart Diaease 

than PDl'Sioal activity ·1s in himeril:i.g i ta development. 
_. 

A study�by Metropolitan Life Insurance Company and was based on 

moi-tality eqerience among different olaseu of insured lives .in-

- volving industrial sud ordi.na::ry policy holdara. Industrial policy­

holders a;re for the most part membera of the urban wage-e&rniDg

ta.miliea in lower inoome brackets. Ordinary poli�olders �

drawn ma.inly from the ur�an middle and -wll to do clas·ses of the

population engaged in professions, business, trade &lld clerical

occupations. Under age 65 the indwstrlal policyholders ·rapre­

•enting lower socioeoon.omio g.t'Olq)B experienced. distinctly higher

death ratea °:rrom arteriosolerotic heart disease than ordinary' :polioy­

holdera. Tbese trends wre corroborated b7 a recent Public Health

Senioe atudy. 
8

UO"lr if we can assume tha·t the illduatrial polio;y

hold.era for the most pa.rt were ezigaged in a more stremiou t71>e of
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activii;J' thaa the ordinary polioyholde:rs ·then we o~ ••• a possible 

disorE,1peno;r in the relationship proposed. by Dr• Morris. However 

tt.ie rela"iiionslri.p between a decreased incidence of Coronary Heart 

Diseaae and habitual :,llyeical exercise_ 18. important to keep in 

mind. in formulatill8, a possible prgpbylaotio scheme. 

Smq1tjpg W: Jeha.vior Patterns 
Rel.a.ti.pg to Oorana.ry Heart Diseaa-e 

Another im.porta.nt .fac1,0r whioh bas been oon&idered as being 

important in the etiology of Coronary Heart Diseue is otgaz,t..._ 

·· smoking. · In an article summarizi~ t r.a 001.ioined ex;perienoe · of the 

ilb~ and l,"'r&mi.ngham studies concernillg thg relationship . of' ctpr­

ett.e smoking a.ud Coronary Bia.rt Disease the follold.JJg was found: 

Table XIT 

Sinokirlg :N'Umber of 
History Men at :Risk 

-~~•'jte &12 
.i.SaokeW 

Cigarette 1272 
Smokers 

ill 2084 

Incidence of 
Myocardial 
Infarction 

Iio. Rate 
11 2.1 . 

66 

77 

Incidenoe of Dea'the 
from Yyooardia.l 
InfarctiQU 

12:,. Ha.te/J.000/zr. 
2 0.4 . 

Inoid.,noe of 
-De,a.ths :from 

.All Ca.uses 
lfo. '. . "1 ,BAW·: 
T 9 
52 5.a 

:i,1 3.9 

~he men studied were ,40 to 59 yea.rs of age and free of Coronary 

Heart Diaeas·a ati entry illiK> athe atudy. These resul:ta point to a 

.PQIJSi&l• preventable factor in combati.Dg Coroaa:J.'7 Bea.rt Diaeaae. 57 
~ ha.Te been studies relating behavior pa-r,tei':11:1$ to illcldenoe 
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at O� Heart Disease. In one �h •tw!J' tlley compared    the         1,e ..

ha.vier pattern . oba.raoterize4 by in'terise. ambi ti,eu, · competitive dri, w,

oonstant preocoupatian with oooupational a.eadlines  with behavior 

pattern with absenae of drive, ambition, .. sense ot urgemy or d.e1d.re

to compete. .Both groups were similar in tat intake, p}Q"sioal 
activity, age, height and weighta however th• forMr group had

01.iaj.oal Coronary �ea.rt Dise&N seTen times mQ:Qtfrequently.58 The

oha.raoteriatio in the behavior which here is implied as. predia­

posing to Coronar,y Heart Disease is .one whioh is highly :reapected 
. ' 

·in our society and is held aa virtuous. .Our society tells ua. to· · 

etrj,.w ha.rd toward a wo� goal, develope your JliDd, so that yoo..
and others may eat well, and not have to e:art 'your.se� pbysicalq. 

However th•�• three tlrtuee a.re all imp�i•d aa predieposi:ng to 

Coronary Bea.Ft Disease and conaequ.ent1,-.,  is it. a disease created 
by our society?

Predi.otive Value of Lipid-Determin&tiana
· Q Cor?ll!:1:'l Heart. Disease 

The big· question whioh ha.a evolved from these studies ia 

whether or not one can predigt with arr.y.degree at ae�q by

:find:ulg an elevated·l!p'id level which �vi.dual will_develope.

CoroJ:l&l:'7 Rea.rt Disease, If ao, which lipid deteni.il&tion-would 

be the most teasible? Thia Wk wu undertaken by tae joint ettorts 
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af the .�eobnical Groups of the Committee on Li,t1oproteins and Ather­

osolerosia of the National Advisory Heart Council and ,P.llblished 

in 1956. Their purposes were: 1) to obtain further 001:.firma.tion 

of the exiatence of a oorrel&tion between an eievatsd Sf' 12-20 

fraction of the blood at normal persons &tld. subsequent development 

of a �rdi� infarction, and 2) to compare the total cholesterol 

and the sf 12-20 factors as indicators o-£ this disorder. They

baaed their atudy on the fact that the estimated annual inoideDOe 

ot myocaJ:'Clial infarction in apparently well men age 40 to·59 waa 

10/1000, consequently they oalaulated that a ba.ee population ot 

10,000 would yield possibly 100 new events. Their population sources 

was largely industrial·organs but a.lao represented executive, clerical, 

·salea, al:Mi labor penoDAl who appeared tor their compa.n,iea azmnal

e�tion. Four laboratori�.s took paz"t -in this s� am they were.

locai;ed at the Ole-Yelal:ld Clinic, �r Lab in� Francisco R�4 '.�

:aoatm, and at the UDiftr■iV at Pittamrg. 

Tlle same type -·fd uterainationa . were done at all tile labs a.wi were 

. oheoked tor accuracy· and reproduoibili ty. The base po,pulation 

was 4,914 and produced 82 new events in three yea.rs. T� oholea­

terol meaaurement of all the labs combined showed a highly si&nifi·­

:cant ability to place the subject• with definite new events above 

the f'ittie'\h percentile. The oholeaterol leYel ns aleo aignigican:t 

:l.n eomp� iaean values of the JD&&Sure in grou,p of new event& 
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with the mean -value in the base population. Taken ae a group 

the data auegested tha-t the ohole•terol wae th• met effective 

meaeure · in separating out l191' events. Hownw duriDg the atu� 

the Gofman poup at Donner Lab found tbtAt the �ethod suggested 

for anal.yeia of lipoproteins wu not &COUX'ate enough and devised 

a. new method. HoweY8r the other three _l abs had · s·ta.rted and did not

:revise their teobniqiie. Gofman had di.ecavered that all four  

. standard lipoprotein olasses showed _positive� imependenta.aao-­ 

oia:tion with Corom.ry Heart Disease. . So the oomb_i ned. measure- . 

amt. na termed the atherogenic index and they t'elt that this was 

_eigni:f'iQ&llt for the new events, aild._they felt that the serum 

oho­leaterol was not as signi.tioa:at. ..· However the t'J.nal decision 
ot th-e technical group said-that the ind.ex measurement described in 

this work �••� diead.vautages 'fllen compared with choles­

terol because of the oost·and technioal diffi�ulty.59

1n.... ehe.rta· sbdw:i.ng the ·ohoiesterol and li:poprotein levele � 

those with definite myocardial inf a.rota; it ns apparent 'ibat none 
_ � these J18&81U'eMnta - led to a.ey- clear a eparation of new events at 

high levela and none regularly placed indiTi.duals in the upper 

one-hal:f of the distribution. 'l'he way they evaluated :t}).at lipid

levels wre of oo use .in ;predio'\ing �ndind� who w� get the . 

dis8&8e was by the S-ab&ped. curves which indioa ted tiw poai uon of 

tbose who acquired tb.e disease with re:f'erenoe to the-cwailatift 

distr;tbu.tion of the appropriate base population. Bach detini te 
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event was located on its a._ppropriate distribution ourve according' 

to the lipid measurement it showed. If the elevation o:t: the li_pid 

measurement did permit prediction tY£ the development of' olinioa.lly 

mani:f'est a.rteriosolerotic heart disease the subjects experiencing 

the definite new events_ should ha!e ha.d li __ ,id levels in the ppper 

part of the distribution curve of the base population. In this 

•~ it was a;,PP&rent that none of the measures lead to clear 

separation of definite new events a.t the high levels and none z:egc.­
larly placed the lllhdi,vidua.l in the upper one•half of the,tistri• 

bUtion. In swm11~t'Y ~ ele-v.ation of cholesterol 4n,d lipop~tehs 

is eeruia was .Qf 'lto elini'oal uae, in prediotill8 ~ imivichla.la 

who would develope a 11!¥0~a1 inf'arot. The;y thought however 

_ that ·the lewl of the J.i,poprotein and cholesterol· in the serum .ef . 

groi.ws of men who developed Coronary Heart Disease my have a use• 

tul application in the epidemiological studies of heart diseaa~.
59 

Deteoti.on-<# C...-rdi.OVNOUUr Dilff)ase 
Without Using Lipid Determinatio.u 

Utilizing other methods than the a.nilyiia'~Qf el:a0c1 lipids -to 

find those in the general. poJulation who actul.ly- have cardiovas-

oular disease a study was done in Newton, Maas., from 1~49 to 1952, 
1 

with the combined cooperation of the local, state and national 

heal. th departments. Eight thousand people were soretmed- who were 

not tulder care ter heart disease, and thoSEI ref'arre4 for f'urth•. 

56 



evaluation nre those With a history· of angina, heart attack, 

exertion tVBpnea, p&r0Jq11mal nocturnal dyapnea, �oi:inea., rh8Wl&tic 

:tever, ohorea or heart muraur. They were referred for :turther. 

ft'&lu&tion il .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, a.nd in 4� ot the origimu_ l� · Q&rdiovasoular disease

was oonf'i�d. In ·othe:r worde 3. n Gt the . population studied bad 

ditilli te cardiova.:;oular disease which waa 

unknown to thn.60 The etiology of the 3•7% waaa

Table xv· 

Rheumatic Hea.rt·Diseaae 
·Hypertension
Hypert4W,Sive Heart Disease
Arteriosclerotia Heart Disease
Others

Number of casea 
. 49 

96 
66 

'6 
18 

However ■tatiatica lJ'lbliahed by the .American Heart Asaoo-iation 

f'�l955 reveal the �llowi.ng death �ate per 1001000 in th• United
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Table XVI 

Dise-.e 

A. Arterioacleroaia
·1. Arteriosclerotic Heart Disease

including oorona.ry 
2�- General Arteriosclerosis 

B. Hypertension and Arterioaclerosis
1. Oerebral Vaaoulaz- .Lesion
2. No�-rheumatic endocarditis and.

�ocard.ial degeneration_

c. Hypertension

D. Rheumatic Heart Disease

Rate/100,t0OO 
266.8 

247.0 
19.a.

145.9 
106.0 
39.0 

_Consequently tbe type of �oreenit.ig test _a.s deeorl.1,ed �� was

«f'f'eotive in•:picking up cardiovascular disease� but it did a rather 
..

poor job of detecti:i:ig the one· disease, tha.t of uilflerieaolerotio 

heart disease, which acopunts �or more deaths than all of the other 

conditions listed do altogether� 

·Jletbod. :tor !J?rie�tigg aorcma:;y Prom,. Indi tt�a

'fhe B10rta.lftr!#�- _the'_ :ttrat' attack of_ coronary Heart ·Di�•&ff 

is-·high,- ·apprQXimi.te�_35j and 20 to 4� reoovering die within the 

next five yeara; there:fore·it is imperative th&t we detect those 

suaoeptible to Corona.-ry Hea;rt Disease before it is clinically 

manifest .. 
43

What a.re the risk factors which may be associated with Coro­

-D/dY Heart Disease, so that tp.ey may be reoopued. and. stepa _can 
' 

,. , 

be taken to oiroumsoribe the prooeas? l} Iqparoholeaterolemia --
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aver 260 � is asaooia-ted with a 3-6 fold inorease in risk. 

2) Hypertension (dia.stolio over 95) is also ueooiated with a. 3-6

fold increase in risk •. 3) Obesity,long history of cigarette ■moi:-
' 

' 

ing, diabetes melli tus, �o�oidiam, sad. k,id,My: C,.a.mage a.re ::iaaso-

oia:t9d with a. si«:Difioant increase in risk. Habitual physical in­

aotivi ty and eypom&1:'J,iao personality patterns also a.fe implied. 43
4) family history of Coronary Heart Disease is associated with an

increa.aed risk because there is a positive history of Coronary 

Heart Disease in parents, bro.there, or s�sters in 7% of the males 

affected �d l°" of' the females a.t'fected.4 5) ECG is useful

·oooauae non-specific T-wave change abnormalities.are associated

with au increased ooronary proneness.43
Thus the coronary prone individuals ma;; be de-teated by a.

good history and peysioal examina tioE- dwelling on the :points listed

above, &Dd. by determining aerum cholesterol, glucose, blood pressure,

weight a.niJ. ECG.. Ilt is becoming increasingly evident tha:1; ooro-

ns.ry proneness is amenable to treatment. 1) HY,peroholester4Slemia

and obesity may be treated by mtritioaal ...... 2) Hyperlen-

aion and diabetes •llitu _,. be treated b7 •tri-ti<m&l and pbar­

macologioal mea;aa. 3) Heavy cigarette smoking aud. p:tq-sioa.1 in­

aotivi ty may be 001.m:t.,red by� oh&llging living habits. 43
For example toi,raer cigarette smokers woo have quit e-xped.enoe 

lower crorona;ry disease than those who persiijt. Jlodel'n methods of 

treating �tensic,n have lowered this predisposing factor, a.ud. 
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persCllS w.b.o red.1,J.oe and stay reduced are restored to ata.nda,Td risk. 

Controlled diabetes mellitus e.xperienoe lower va.aoular oomplioa­

tians, and low fat dieta ha.Te lowered recurrence a.od mortality 

. ntcea in persons surviving preTi.ous JQ'~dial. inf'a.rotions. 43 

Diet and. Cox:oB!::l Heart Disease 

One of the princi;ph factors rela li9d to an inoreaaed blood 

lipid legel is the diet, and •peoifically the peroentage of the 

total .aalories derived from fat,_a.nd. the t.ype a£ ·fat. Thia re-

. la.tionahip of the diet of ma.n to the disea.see of man is an inter-. . 

es tine one that takes us back into history. !iiatorically man has 

'been on earth ·about 500,000 yea:rs, and homoaapiens hav1s been on 

earth 25,000 yea.rs,~ up until 25,000 yeara ~o he was· exclusively 

a food. ga.the~ --. and knew nothing of cereals, bread, dairy :tooda, 

01' edible oils; now DINI. is a food producer and. proce■aor. At 

tb&t ti!l8 it. was impossible for primitive man to ingest 4°" of 

calories in the fo1'!1, of lipids. About 8,000 years a.go man went 

_ from a food gatherer to a food produoer a.nd. beoame a. farmer and 

herder, and thus er-eating preconditions for ·Ghe present oivili• 

zation and the kind of diet we Amerioans have. Upper olusea of 

ancient li'.gypt oon.e,.uaed. a diet very similar to .ours~ 1.;heir mummies 

come down to llS with bits of aorta preaevered reveal.1.Jlg existence 
t . . . . 

of atherosclerosis. .&.t that tirae the urban and Nral --••• u:isted 

·on a. beer and bread staple diet .... a. silli.la.r situa.tion·u.s pre• 
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vailecf for mos·i; of humanity right ciown to a.nd. i.noluding our own 

day. The difference iJetween the so .. oa.ll&d ecsonomica.lly developed 

countries such · as the United Sta tea, .Britain, l:l.lld Sweden a.nd the 

oountries such ·~ Spain, J&p&G, &ti4~-~~ is .tb.at--,the. ma.jo,'ri ty 

o:t-: t11e.p6;\llation in eoonomi.oally d8"1'eloped oountries have a.ocess 

to the high calorie, high fat diet whl.eh is sb&red O.illy by -~b.e _u;pper 

classes in ~he other .-.:o.ountrie• ~ .the majority of th.e popu-

. lace subsides on the ea.me diet they ha.ve for centuries becl;l,Uae of 

.existing poor stat.es Qf eoonomy ~r au1 tural reason1.13 
' . , 

·The ·relationahip between 41.•t and inoi.~;-~ a·~olero■ie 

beoame evident after the Briti■h blockage of G~ during World 

War I, at which time it was noted by Gema.n J&tholop.lU an4 olin­

.ieia.ns that the incidence of dea-ths · and sickness f';om coronas.y· 

and cerebral vasoull.r athero5clerosis fell. Then -&he inoiclmlce 

roae ag&:in in the post-war era. Dm-1.ng World war n ,the Sc&lldi­

navian iovernment 1report&d that -fa.ta in the populs.·Hon was n4uoed 

becaustt of- tbe acariv of dietary fats, and consequently- death and 

sickness decreased. as a result of atherosoleroais.62 

A desorepa.noy- in thia type of thinking waa pointed wt by 

the Department ctr· Jlinistry of Health oC Qreat Brita.in in 1954 when 

they ahowed ths.t the _fa ii intake and, deaths· from arterlaclerotio 

heart disease showed poat-war increases whereas the pre-war ·tat 

con8Unl))tion was also increased but the atheroac.lerotio deaths were 

hal:f tlie muaber aa ooJI.Pa.red to 1954. Consequently one JlllSii take 
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the relaticmahip between.diet and Corona.ry Rea.rt Disease.as in­

dioating a trend a.nd not an eaot relationship.53

.cholesterol Lowering Effect of Low Fat Diets 

It haS not been proven that loweri.ag cholesterol or a.rzy of the blood 

lipids will prevent either the ooeura.noe or end results of athero­

scierosis exclusively, however there a.re many reasons for believ­

ing that there is some oonnection between oholesterol metabolism         

and atherosclerosis and while awaiting for the elucidation to·be 

revealed conclusively it seelllSjustifia.ble to apply oertain.dieta.ry 

procedures. However because o-f the biological fluctuation of cho-

.lesterol, some conservative sources say one must remember in evalu-

ating the effect of diet that to be of sign:ifica.noe a .�t>les't erol 

level checked one time after therapy ... must decrease 100 ·mg-% or 

there·must be a lesser decrease of 60 nt:1, whioh .is cru..siatently 

maintained.63
It is known that b;y deorea.sing dietary fat which decreases 

selUili cholesterol coronary atherome. will disappear in experimental 

rabbit,· a.nd chiokens. This may not apply d.ireotly to mmt however 

outaneous xa.nthomata. disappear on low fat diets in man. It has 

been found that reduotion of the total calories due to :f'&t 1n·aan

· can produce �tatistica.lly sig:nifica.nt changes in the ·1:>1ooct ob.oles-

terol add such a. response takes plaoe in about. two weeks. For

example in men hospi talbed beoause o'f :atenta.l disease :from ages
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thirty to fifty with no ca.rdiovasoula.r disease, normal oholeaterol 

lnels and die"tsnorm&lly oollSiating of between 3.5 and 4o,g tats, 

a diet was given in whioh the calories nre only 20 to 24% fa.G and 

the cholesterol was decreased a.n average of 17 to. 25. �.9 How­

ever a leas optimistic a� in Saotla.nd C1f twelve �rcholeeterol• 

emia m9n with Coronary Heart Disease being treated with a 1200 

oalorie diet with 1� f'at O'VII:' a four year period reeul ted in only · 

a 1,5% reduction of cholesterol., 

Choleaterol Lowering Effect� 
Polyunsaturated Fatty Acids 

Besides lowering the peroent of fat in the diet, other in­

vestigators have had results by substituting pol�aturated �ata 

for saturated fats a.nd •inta.ining the same percent o! oaloriea 

from fa.� Seventy-nine men of normal weight, aged 50 to 59, with 

·an &Terage cholesterol al 251 .JJJgf, were placed 9n a diet of 2000-

2700-oal.ories with fat_produo� 35% � total calories, e:ad of this

p9lJ'Ulll3a.ture.ted fa.ta oon:q:>riaed 3:,% of the fat ea.lories. One and.

.... balf ounces -of corn, oil, fish, grain and vegetables per day provided 

t:tle unaa tura.ted fa.ta. The average cholesterol was 251mg% before

the oha.nge in diet and· decreased to 222 -� after six months of 

the modified diet.64 In another atud;r C1f 300 inpatients ..averaging

age. 60 dn a state insti tu:tion a. dieta.ry regimen 9'Sl>loying a. 

non­�ogenated corn oil margar:i,ne £or other so.l id fe.u was oarrl.ed 



· out. The total fat was appro::d.mately the same in the control and 

test die ts, however the big ol:aa.nge was in linoleic a.aid. 

Table XVII 

Total Fat 
Calorie.s as Fa.t 
Linoleio Acid 

Control Diet 
828 gma 

4~ 
60 gms 

Test Diet 
700 gms 

4"' 153 gms 

As a result of this the ohol:esterol dropped 23% in 5 mont.hs from 

a.n aver&ge of 250 mftl> to 193 md,.65 
'l1hese studies leave some things to be de.sired. What is -the 

.normal percent of unsaturated fats in the diet? Ia suob an etteot 

manif'est in the younger age groupa? ·ca.u such a diet be given e:ffec• 

tively in groups not institutionalized? A. study recently done in 

Cleveland by Doctors l.H. Page a.nd H.B. Brown answer these queries. 
-

Their experiment involved: medioal students a.nd.· their wives from 

Western Reserve Un;iv~raity, a.nd included 25 males and i4 femalea 
·' 

in the test group,· and 30, males a.nd 19 f'e~es in the ·control grO\'Qh 18 

Polyullliatu.ra'tjd £a.ta were substituted for saturated fats isoo&lori1 

oally. The diet used was :tel t to be feasible and acceptible) ,to 

those involved, however it did include some ~_peoi&l. o.ommerot~·}j y 
- ~ 

produoed produ.c·cs.. The diet co;µ,aisted ·of l) ~ ruoh oould be 

pu.rohased. in regular mar~• and. contaiaN little :r.t; auoh .. . . 
bread, Gcereals, fruita, vegets."bl••• condiments, :m~:t•; poultry, e.nd 

f'ish1 · 2) .!'Oota not allowed were bacon, rib roa,4-4,, due~ . spare ribs, 
,-. - . 



tongue, a.ud olive .0111 ,> fOOIU prepared oomeroially were meats

deleted of saturated f'a.ts and other foods that were filled with 

po�aturated oils replacing saturated fa�s such as m1lk., cottage 

ah.ease, ioe cream, margarine, prepared cakes, cookies and pies • 
.. 

With tb.ia diet fats still provided. 40% of total calories.       

Comparing quantitatively the saturated and unsaturated fats in

the normal and e:x;perimenta.l diets the following we.a found: 

Table XVIll 

· Normal
Experimental

Grams Fat 
129 
118 

Grams Sat. Fat 
51 
32 

Grams U-nsa t;. Fat 
63 (49%S� total) 
86 (73% af total) 

Other :figures•lis-t·tbe a.ver�e .American diet as oousisti.Ili" of 

85% saturated fatty acids and 15% unsaturated fatty acids. The }9 

subjects on the e.1;perimenta.l diet dropped from average b a.seline 

conoe.ntrati� of 205 rD{!$ to 176 ��maintained it at tha.t level 

:for ten months, �reas in the control group there was·no change. 
. 

. . 

The h;vpochc,lesterolemi.o effect was noted in two weeks. In oJlly 

one individual was -there a fail� of respo.nse, and. du.rllS' exam 

week there· was no sign,ificant response to stress. The mean ahs.nge 

.. in the serum cholesterol was 14 rod, a.a _ 001;.pared to the control 

group which they considered signifioaat. 

Another study reve&l.ed-tha.t on a. test diet givU1g � of oal.oriea 

as fe.t tancl fl£ tlris 3� was JnQdit'ied.. vegetable oill, �gur _pl:wsi� 

1fi th prmous cholesterol.a a.veracug_ 250; >fltf/$- maintailled tnia diet 



for twenty-one days. This resulted in a drop in the oholesterol 

of 40 to 80 mg%, while_ the }ipoprotein and triglyoeride remained 

normal. Then wban. these ph;ysicians resumed their normal diets 

their cholesterol rose to 250 ms% again. 66 The meohaniam of e.otim1 

of the UllS&turatad fatty a.oids ia not known, · but they a.re thought 

to inorease the excretion of aterols and bile acids. 'fhey also 

may act the intestinal flora changing the structure of fedal sterols 

and bile acids thus mod.i.:tying · their absorption. 

Effect ar Dietary Cholesterol on J:3lood Cholesterol 

Ca.n the·cholesterol be depressed by varying the dietary in­

take of aholesterol? Original studies indicated . that this was not 

the case. For ex.ample, a a~ was dolli! before 1950 by Dootors 

. M.M. Gertler,_ S.K. Garn, atld P.D. Wbi_te on the dietary aD4 aerwn 

Gholesterol- of 97 ll8J1 llho_laad. aperienceci GQr01'.&8J:'1 Hean .Diaeue 
I 

before age 40 and. thq uaed 146 heal.ttcy- men as controls. The 

average amount of o~olesterol ingeatcitd per week in the healw 

group was 3. 88 • 1. 46 grama and in the coronary gr01.1i; 3. 30 • 1. ,U 

grama. Despite this significantly lower cholesterol intake, the 

serwn cholesterol levels in tb.e Coronary Heart Disease patients 

were significantly higher. The rela.tiollShip between the amount of 

ingested cholesterol ud ~ ~t of cholesterol in the· serum 
l . 

was a.coomplisbed by determinbg the co-eff'ioienta of oorrelation. 
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Of the _ooe:f'ficienta of correlation• 0.5 was moderate,• Q.2 low, 

and below• 0.1 not signifioant. In this case the coetticients 

of correlation between serum aholesterol and -~he ingested choles­

terol were. +0.05 .o.11·for the ooutrols and. +O.Q9 .0.08 for the 

Coronary Hes.rt patients. This indicates no relation betw0en the 

amount of cholesterol 1»rsted and the level of serum cholestero1. 67 
However :reoently it has been shown that cholesterol in the diet oan 

int'luenoe the serum cholesterol. :b"Or example the ad.di tio.ns of crys­

tal.line cholesterol•3 g;rus per d.a.y for eight weeks increased the 

cholesterol in six patients 56 mg/, in one study and in another 

stu~ three men preTI:ow,ly receiving a general diet were g~ven a 

aholestero~ free diet a..11.d. had·a decrease of ·their cholesterol of 

61 md,.68 

Triglyceride Lowering Effect ot 
Low C&rl>obydra. te Diet 

These studies have shown the effectiveness in lowering the 
-.r1· .• 

. . -~' 
serum cholesterol try low fat diets, low: cholesterol diets, and diets . 
whose fa.ta consisted mostly of unsaturated fatty acids; however it 

has bMn shown that elevated lipoproteins a.re asaooia.-;ed with a.n.:.in­

oreaaed incidence of Coron&J:"Y Heart Disease, a.nd this eleva:ticm is 

dependent upon several a:f the beta lipoprotein.fraotio.ns and is 

oottelated by the a.theroganic index. 'l1he ather~o index~ be 
l 

elevated. by an independent elevatio:r. o£ either S:r 0-12 or st 12-400 
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or their elevation together. The point is that the Sf 0-12 is com,­ 

posed of mostly cholesterol and is thus influenced 'iJ3 those factors 

i.Dfluencillg serum cholesterol, whereas the Sf 12-400 is oonwosed

af mostly triglyoerides a.nd is thus influenced by an increase in 

the intake of carbohydrates. 

Dr. Gofman feels that there is an inoreased risk of future 

iqooa:rd.ial infarction associated with a.n eleva-tion of the beta lipo­

proteins sf 0-12, 12-20, a.ncl. 20-400 and that -W• elevation may 

preoede coronary &rier,r disease by at least 119'9'eral yea.rs. He re­

waled that by feeding patients on high animal :fat diets for 11 weeks, 

with. alsQ a.n increase in regular fat, the result was a signit'i-.nt 

elevation s
tt- 

0-12, and·no collSli,.stent trend or significant difference 

.in mean levels of' the Sf 20-400. yegeta.ble oils 'Will lower the

Sf 0-:-12, probably because the animal"f'a.t is not present. Conversely 

an increase in the oa.rbeb1'drate in the diet per_ day from 220 grams to 
}85 grams will increase the sf ZG-400 and low carbo�d.rate int�e 

will lower this. Combining these two it can be seen :that calor:t.o; . 

· restriction with lowering of both the animal fat and the oa.rbohy-

drate would probably be the most logical dietary regimeL
S9

Dr. Gofman also stated that he felt there was nQ valid wi­

dace that azzy- protective.factor is present in vegetable oils which 

will lower the Sf 0 ... 12., ·12-20. Re tel t. that the �•ct was due to
. 

l 

the reoiprooal ef'feh on the oa.rbo�drat,es and taus .. also on the 

sf _ 20-400 fraction, because when the diet was high ln vegetable
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oils, a la.rge peroent$ge ot the oaloriee oame from veptable oils 

thus reducing the amount of calories coming from ca.rbohydra.tea, 

a.ud thus reduoillg the St 20-400 f'raotion. Ke alao felt that tb.e 

serwn cholesterol can be daz:lgeroualy mialea4i.ng, because. when the 
' . 

oholesterol .ia decreased the S:f' 0-12 .is deoreaaed, the Sf 20-400 

.may be increued and th~a;fl~~ing .t!w .oh.anoe for coronary 

artery disease. 69 
Al:laly•ing speoii'ioall1 the e:f'feot of diet upon the trigly­

oeride levels, it baa alread¥ been established th.at an inoreue in 

the dietary oa.rbobydrate intake resuli-a in an inoreaae in the serwn 

-~i,:ceride level and thus . in the Sf 20-400 fraotian of the beta 

lip.oproteina. In studies in which people were habituated to a low 

tat ·c1~)-iow oalorie diet, then oonsuming a high fat (4~) and high 

oal.oried cliet-rioh in saturated tatty-·aoids, the ·serwa tri&lyoeride 

level rose.aignitJ.caut}1'.; also in ma.1'13 on the 1n fat tieta the 
·, 

serum triglyoeride level rose. Therefore the serum \zi.i:l.yoericle 

level may be elevated b7 .-n-a1 dietary-. f'a<Jtora. 70 lIOWffU n­

·centl.y- atudiea have shown the diets low in fat 4 to lOj · a£ total 
. ' 

oalories, and high in oa.rbob;jdra.1ie1t 75-S5% a£ toe· total caloriea" 

·· do lower the cholesterol, and eleva:tel the triglyoeridea, but this 

elevation of the triglycerides is transient. In U3 oase it .ha.a 

been shOYll that diets in whi'oh lUl8aturaW tatty acids ~riee 
t 

10-~ r4 the total oa1or1ea, tAe ~ .. teroi 1a d.gnifioaa-U,, · 

u wme• boWwe.., th•-~•• iwin ~ -e._ ·with- . 



ou.t elevating. Therefore eypertriglyoeridemia does not occur 

wi. th diets made-up to yield moderate intake of calories, c arbo­

cydra~s, a.ad total fa.ts, with the percent of saturated fats re­

duced and unsaturated fats inoreased. 71 

'Dietar;y · TNatment of . Those 
.tf':fl:i,cted with coronary Heart Disease 

Is it worthwhile to treat those who have already su:f'fered f'rom 

Coronary Heart Disease with diet? A stu~ by Dr. L.M. Morrison 

in California on 100 p&tients ·wit.h Coronary Heart Disea.se revealed 

!ts possible significance. The 100 patients had proven cases ~ 

IJ30oard.ial in:tarotions ai.d. were u.uoomplicated by ~rtenaion, 

diabetes melli tus, .nephroais, hypo~icliqm or xanthoma.tosis. 

He epli t the patients evenly into two groups: fifty were treated 
-

with a low fa.t diet consistin.;· of 25 grams fat nioh included 50 

to 70 mgs of ohole,terol, and the other group {control group) was 

given a regular :f'a.t di-et u.iah consisted of from S.-160 grams of fat . 

of which 200-1800 mga were cholesterol. The average age !or the 

groups was 70 ·for the control grou~ and 68 for the experimental 

group _with a range of 40 to 7a. An appreciable number on the low 

fat diet required one to two years before a fall in the serum cho­

lesterol was manifest. ·After 8 years the average weipt loss the 

patients on low fat die1.s· was 21 pOUJ'lds for the males and. 17 pounds 
l 

for the females • . The total se:t'Ulll cholesterol fell during that time 
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:from an average of 312 � to 22011Jf$· and the triglycerides f'ell 

from an average of 236 � to 120 mg1,. 62. After this ler.igth of time

76'1, of the controls had died of Coronary Disease as oo;npared 1li th 

44% of those on the low fat diet. After twelve yea.rs all the oon­

trols bad diea, 
a
nd of those on the low fa.t diet }8% were alive.

72
These results might _point out the benafi t which may be realized by 

treating with an apl)ropria"te ,diet those who have already been 
. 

. 

. 

afflicted with Coronar-3 Heart Disease. 

Honver Dr. :a. Gorlin of :Boston. recently s1;ated that there was 

JIO . ..evidenoe available despite faTOrabl� e:f'f eota of diet on oer�in 

mee.sura.bl:it oollll)onents of lipid pattern that morbidity and mortal• 

:tty · 'tdll . "i..lte:('. �•�)11 affected by diet ui those who b&Te 8U.t"fered 

.from Coronary Rea.rt Disease. :tf this method is d:feotive it would 

be more thrc,ugh ob&nges in the propensity to clotting than to oh&nges 

in -the arterial.wall atheroma. However he"did. ooniu.d.er diet impor-

. tant in overweight patients, and. in y6a:ag patients with Coronary 

. l?jart Disease with hyperlipema.
73

Die;y.ry Treatment of Coronary Prone IndiYidual 

What is the e:ffPeoti.� of trea.� the oorona.ryprone .in-

dividual? Suob. a study .wa,�/undertaken &:ad �ntitled the Coronary 

.prevention Evaluation Program.. The Rea.rt Disease Control.Program 
l 

of the·Chiaago Board of li�alth in May, 1958, lauDCbed a pilot re-

search s� on the ability to·achi-eve pri.in&:cy preTention of clinical 
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Coronary Heart Disease in high risk men ages 40 to 59. The pa.rti­

cipants were f'ree of disease at the onset, a.nd. we" a high risk 

based upon 1) ~ercholesterolemia determined. by three weekly serum 

obolesterol levels over 260 ~, ~ertfmSion with a diastolic over 

95, obeaity meaning a weight 1.5% over the desirable weight; arq two 

or all three of these almormali tiee_J 2) hype.roholesterolemi.a over 

325 ~ u a s1ng1·e abnormality_-,. or ,> a. fixed non-specific ST-T 

aba.nges.43 

The diet reao~ed for the h~ risk patients consisted of 

1700 calories, with ~ tats, low in saturated .fats less than 20 

gr~ :per ~ rather than the normal 45 grams or more per day, lOlt' 

in cholesterol, 300 mg. or less, a.nd :raoderate in polyunsatu.ra.ted 

fa.tty aoids. 

Table XIX 

. Q,rera.11 ob&nges ln, dietary nutrient inta.lit.e of 99 partioipants in 
ooronary prevention evaluation program 1Ntre as follows 

Total oalotiea 
Carb~e.tes (grams) 
Protein (grams) 
Fat (grama) 
sa:tura.ted f'-a.tty acids (grams) 
Unsa.tura·:;ea fatty acids (grams) 
Polyunsaturatecl fa.tty acids (grams) 
Cholesterol (mg) · 
% of calories trom oarbol:q"da.tes 
i of oa.lories from protet:ra.. 
t, of calories from fat . 
% o.f' oa.iories from Sat. fatty acids 
1, of cal.oriN from unsa.t~ fa.tty acid.a 
\C of oalor).es from PolJWlS&t. ta.tty aci.d.a 

'12 

Control 
2465 • 6!12 
230 • 73 
106 • }l 
119 • 42 

48 • 19 
66 • 23 
16 • 7 

627 • 219 
37 • 7 
11 • 4 
43 •:, 
17 -· ,. 
24. J 
6.2 

Treatment 
·1668 • 33! '.. 

192 • 49 
95 • 17 
56 • 15 
19.• 5 ,4 • 9 
12 • 4 

';01 • 93 
46 • 6 
23 • 3 '°. 5 10 tia 2 
18 • 3 
7 • 2 



Table XX 

CorrNpondi:ng changes· 1:i serum: oho lea terol, wait.ht, uA-::ibl9o4-.i ; ( ::·: 
prea&'UN in 99 pazi;icipanta in the Coroi:aa.r;y Prevention Evaluation 
Program were _as t'ollowss 43

· · 

Serwa choleaterol 
Weight-
Obaert'9d/desired weight 
· :Blood pressure

control 
271 
196 

1.269 
1,4/88 

Tre&tm$llt 

231 
·1e2
1.179 
127/82 

Thia shan the effectiveness of the presoribed diet on the riak 

taotore. 

Tba rel&tionahip between tb.e control..,_ cllloleaterol ud tbe 

fall in tM Mrum oholeaterol ot the 99 partioipa.uta on the pre­

scribed diet ,ras as f'ollon: 

'rable XlI 

Group baaed on 
control serum 
cholesterol level 
Leas tba.n 200 � 
200- 224 md

. · 225 � 259 uge ··
260 - 299-116 
300 mg/, &nd over 
All 

Number.of Control Treatment 
Men .i -�

12 180.7 17a.e 
9 216.2. 197.9 

17 ·. 244 .. 1 219.6 
·35 21,.2 24L5 
26 340.2 262.4 
99 . 271.5 2,1.7 

Deoreue Decrease 
•. i i 

1.9 l.l

1�.3 . s.5 
24.5 io.o 

. 37.7 13.5 
77.s . 22-9. 
39 .. 8 14.7 

. ' 
This study reveals that the greater· the elevation of the serum cho- ,
lesterol initially the greater the response to the dietary regimen.43

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

� e�eoti"IQU8 a£ t:reating OoronN"l ptom ind.i"lika3.• . 

with respect to lowering_ the inoid.anoe of OoroJ1&l7 Bean Dia.-••

blit the outlook is optimistic. 
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•. 

Are diets low 1n f-.t or unsaturated :ta~ acid.a helpful in 

decreasing t:b.e seram oholesterol in familial ~obolesterolemia? 

Ill studies evaluating. th.is situation the blood cholesterol seema to 

be unrela.ted·to. the aosoluted am.OQD.ts of carbohydrate, ;f'at, protein, 

or cholesterol in the die·~, and those who were put on low fat high 

unsaturated :tatty a.oid diets did not respond with a decrease of_ 

serum cholesterol below }50 ad, anJ. soma actuall.f inoreased.74, '75 

In familial Jq,perlipemia restriotio.:1 of dietary fat, ns effec­

tive, and. in tll,ose oaees with abnormal fat tolerance a.Dd. post,..pran• 

clial'byperlipemia, heparin ,ra.s effective in olearing the serum of 

the triglycerides present.37 However in familial ~erlipemia the 
. . . . t .• -

use of heparin was occasionally a.ssooiawd with abdominal. pain., 
- --

and increase in the size at the liver a.nd spleen dne to the rapid 

deposition or l.argfi! quantities of fat in these areas; · consequently 

tbe use of heparin ·1n these cases must be used oa.uaioualy. Another 

limiting :f'e.otor to ·the use of heparin is that it mu.st be given 

pa.renteraliy and it is eXl)8llSiw.76 The JIOBt e:t>fectiw treatment 

· in those with abnormal. fat tolerance and. post-prand.i-.1 ~lipemia 

was spa.oed fat fe~di~s, limiting fat in~ to one meal per dq 

a.nd allowing 24 hours. to return to the :f'a.sti..:.,g leYela~ 
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Prgpoeed Diej;arz R&gime:na · 

Just what oom,prises a praotioa.l diet for lowering total fa.ta 

and inoreaaing unaaturated. fatty aoids? .l low fat diet ooD&i■ta ::. 

at no dairy prociucta exoept akimmed milk, one egg or 3/4 ounce 

of ohee■e, lean meat, fowl:or ffah.,.. fruits• vegetables a.nd non.­

fat foods ._,,.,.,_, all in terms of per day• ·aaa. tbi.a prortcles 

a'beut 20 to ,0 grau of fat per day. Tla:t• d.iet redu~ the satu­

rated f'ata which ue included in the t'ollowing foodtts butter, 

wb.ele milk, o-:ream, obeese, -egg .yolk■_, tat of meat, OOOOJlllt oil, 

oho-oolate, 8.Dd. most sh~a and ma.rprines. 77 
. The ~feotiTe diets inoreasiIJg the unsaturated t'c\ty :acid8 

. ~ .. . ' ' . 

su,pply betweu 70 and ;. c« the oalories f'r011 :rats ·~ •IUY&t~~ 
, .·• . ·' 

fatty acida. However these unsaturated fatty aoida haw littl• . 

et.feet when taken in a.ddition to the-~ amount of saturatGd fat 

as a type af ionio. ilao the pol;yunsaturaiied tatt,J acids such as 

li,aoleio, linoleI,lic, and a.raobindonic acids with two, three, and. 

four double vonda nspectively '.&Te much more ef':f'ective tba.n the 

- monounsa.turated ta.tty aoida such• oleio acid. ·.A. aouroe ot •~ated 
~ :. . . . 

tat~u{u aud>.a ~-•&i.•0~1~-il.u&turated 1'atty aoida are CO:'ii)&red 

reftaliag the feroent of fa-tty aoids ind~acb.s 
78 

. 

Table XXII 

Bu.twr 
Vegetable oil• 

li.lle corn oil 

. Saturated 
!Patty Acids 

5~ . 

10 ... ao,t . 

Kono­
w:isaturate4 ,~ 

25~ 

Poly_; 
unsaturated-

4' 

5~ 



_To provide 70 to ~ of the oalorlee from :fa.ta as unsaturated . . 

fatty acids, first sources of satura.ted fat DlUSt be •fliminated aa 

qgeated by the low fa.t diet given above. Secondly- sources of 

po~aturated fa.tty acid.a mu.st be au.bstituted. These CWJ. be pro ... 

vided by vegeta.~lEt oils of which aQttonseed oil are the most prao­

tioa.l in this country, however corn a.nd I>$a.ll'lit oil a.re alto f1.ffeo­

ti~, and. polyunsaturated fa.tty_a.cids .a.re also provided by fish.
79 

Oons,equ.ently by om1·tting all iairy prodU:ets exaep.t eki~d milk, 

9!Jdtting all meat, a.nQ. allowing £'uh~ vegetables, fruits, and 
- . -

vegetable oils suoh as· those mentioned in unlimited proportions an 

adeq,ate uneatu.r~ted fat_ diet is provided. · 

. Ho1_rever some »raotio,µ. problems -.:ti•• suoh as providi.Dg for 

the shortenings with which~ at our .mes.ls a.re prepared and whioh 

a.t the present ti.me ·contain a high pel"oentage of aaturated.tats. As 

we have seen in t• atwty in elAMl-la.nti by Doetan Brown and. P~ 
~ ' . . 

' such i tains can l)e prej>a.red commercially which contain high ·peroen~e.s 

ol po~aturated f-.tty aoidecf· -4 tb.e~e prepa.ra,iions 9an be used 

_for roalci1'€ _spread for breads, shorteni..~s, and can be made to ei.1- · 

si:!y. in a. blender wi~ nonfat milk solids to 1i,el.d ;c-econa~itu'te<l 

milk, cream or ioe cream. The principle diaadva.n~ is ti:la;t tlle 

usual ooaerbial .:fooda are not neoega.rily prepared with vegetable 

oils and. hence mo.re home oOHi.ng 1a •cessary. trm'ortuna:teq, the 

greatest danger in thia proposal to a. logic-1. de;v:elep~t of an 

effective tooo. pattern a.re prema.tu:re o-l.Al~ for virtues Without 
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evidence to back it up and me rush by commercial enterprises to 

capture the msrket with the preparation of still uaproved value;6 ·

Since there bas been some evidenoe that cholesterol in•the 

diet influences the serum c.holesterol it might be wise 1-9 s" 
. . . .  

what :tooda contain it in· n:ttioient qunti tiu and thoae which d.o 

not • .A.·•tudy done &ll&qsing the chflesterol content of food samples . . 

purohase� in open markets resulted in the follonng:
80

Table XXIII 

Fatty .A.cide Total Cholesterol 
� . '1, Moist Weight 

Beat.round (Jiedium fat) 
Pork· spare ri be 
Liver beef 
Brain 
.A.lllerioa.n cheese 
.Butter 
Egg yolk (dri.ed) 
F€e yolk (fresh) 

4.6 
19.5 
3.7 

10.9 
28.2 
68.0 
63.a
33.1

.125 

.105 

.32 
2.36 

.16 

.28 
3.9 
2.0 

Thia atu� revealed that of the common f ooda, egg yolk and 

brain a.re the only foods·ahown to co.ntain more than 1$ of c'h�les-

·, 

terol. The average American diet inolwlea-,oiu.;, 400 to 500 ,mg at 

cholesterol per day and the_b� synthesizes twice this 8.lllOUXl.t per 

day. 81 . 
Cholesterol· comprises only a. minor. 

. 
col'.l8ti tuent of the

daily dieterJ intake, 
. 

and. it is not a 
. 

major cor.sti tuent of the 

common foods com.pa.red with the percentage of fatty aoida. _ There­

fore thp low fat diets quttillg down on �e saturated tatty acids

would be suffioiant alao to red.uoe an;y- exoeas·obolesterol in the diet. 
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Consequently in dietarJ ~ement the most logi-1. and 

pra.ctioai aoluti~ seems to be use at a modifieclpolyuneaturated 

fat diet combined nth a diet low in total £e.ta and oholesterol. 

These cha.nges are effeoted by emphasizillg ingestion of moderate 

quantities of lean meat such as round steak and .vealJ poultry, 

such e.sgame, chicken, turk.eyt fish and other sea tood.9 skim milk, 

cottage eheeae, whole grain foods, flour products, fruits, vege­

tailea,. a.nd. vegetable oils. Fat outs of meat are d&!-eaph&sized 
, ... 

' , , .• 

ai :)an·0 table spreads a.rii; solid cooking,, ta.ts noh as bu-tter, mar-

. garine, lard, _hydrogenated solid fats, baoon and salt pork. Also 

de-411Qhasized are· ch<:>cola.te, al.c(?holic &nd ·earbonated bevet'agea, 

oheeae, cream, ice cream, whipped cream, egg,yolke, and. rioh foods 

such as pastries, pies, cookies, a.no. cakea.
4

, 

If such ..a diet were proven to btr effective in tb.e prevention 

.of· coronary Heart Disease, the limit.a1iion of daiz':r .. p.JP04u•t8 --wwld 

have quite a.n im,pa.ot on tl,le dairy ind.us try. AB a result of thia 
., 

the Natiozial Dairy Qounoil has 4unohed. an aotive oa.ml)aip t~· ,ie:f'end . . 

· their mi~ products. ~he;r st~-i;e th;;:.t milk fa-t trom all dai.ry.~.'foods 

oo.u.tribute o:aly one-tenth af all OlllorifM a.iul onq om•1'ourtb. 

of the tat .ih the diet. · They al.so state tbal. our pet capita eon­

sumption of milk-fat ha.a remained oonsta.nt siIJ,oe 1920,- mile tb.e 

consumption of other fats has inoreaaed.. Their biggeat argument 

ia based u,pon. tu· high protein oontent in milk, which aooordi»g to· 

aome theoriea ia though to be -signifiou.t beoauae waen tl?,e _phoa-



pholipids and. or protein laTels are diminished. tb.e cholesterol 

carrying vehicle is not adequate to transport the cholesterol 

and thua tbe oholeaterol is available to enter into the patho-
. . 

genie . prooeas of atheroaolerosie. !Mft:tdi,e they contend· that 

the high protein oonte.nt of milk products more .than oompenaates 
' . . 

1.or i.he high saturawd f'&t oontent.82 
The position of the Council. on Foods &nd 1futri tion of the 

J.meriea.n Jledioal Association with respect -to diet a.nd Coronaz-y 

Heart Disease as of Dec. 29, 1962, is as :follows: "The Co'l.lDOil 

believes that properly : ineti tilted diet therapy oa.n aigni.tioa.ntly 

aiid ofaly alter the serum cholesterol and beta lipoprotein con. 

oentrai;iomi of most bn>eroholeeteremio humau subjects. The Cowioil 

reoommends that when this diet therapy is oSZ'ried ou.t it should be . 

~er the supervision of the pbysician with adequa~e :follow1p 

prooedures, including laboratory studiea. The Oounail ~oognizes 
: . 

the importance of epidiem.ological studies which ha.ve eho"im a.n ~•6-

oiatio.u ·betwe~ low .aerwa obolesterol values and low mortality 

•r& tee for a:tterioloaclerotio heart disea.se, ·although it believe• 

.that a _causatiw relationship baa not ;yet been prov~~:!· The Council 

. support• and enaourages investigations of Jaerioan population groups 

to test the effect of. l)ropcly sapervised diet _ therapy. as. aeane ~ 

-preventi-?ll of co:ronar;r dis~e- ' J'inally, the Cowioil believe• that, 

deapi te the prQ11:ise Gf the diet in ~rapy, tklere is iiot sufficient 

i=.formation available at the p:r&aQllt time. to -=a-ant a ·~ ia 
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the American diet aimed at preventing heart disease in. the gen­

eral population." 83

])rug Ther&l>Y 

In me attempt to OOl!lbat Coronary Heart Diaeue am. workL11g 

under the assumption that deoreued blood cholesterol would be de­

sirable,� obamical agents have been devised to lower the blood 

cholesterol. Triparc.nol (Ker 29) was d.enloped speoitically to 

block th& endoeenoua fl1llthe&ia of oholesterol, &nd it doee this 

Eltfeotiveq by blookizc U. laat step in the formation of oholes­

terol allowing the aocumulation of the raetabolic product called 

deaJllOSterol-. Thi• a:f'f'eoti vely lowera the blood oholesterol in eo,c

of' tu.ose tested, bowevw.- desmosterol aocuaulatee ·and may be just 

as atherogenio as cholesterol. Also there are other side efi'eota 
-

suoh as producing postmenopausa.l bleedillg, inoreasing the. SGOT, 

prodnoi.ng a posiiiw cepha.lin flooulatioo teat, dermatitis, loss 

of' libido, 50 to 7r:tl, deoreaae in the oortiooateroida, an4 loaa of 

hair. �cm.sequently this drug ft.ff removed from 1rhe ma.rk•t.
84

Another ageAt sitoaterol, a pla.nt sterol, men given in doses 

of' f'ifl gra.m:r, three timas per day, -. lower tba ollol•t«rol 10 

to 1� b;J blook1:ng :tb8 intuUnal. absorpUon ot oholeatuol by 

6impeti:tiTe inhibition, or bJ forming witll cholesterol a crystal 

which ia insoluble and not abeorbed.J ho1'18'ftr this hu not been 



Nicotinic acid in doses of 3 to 6 grams per day reduoes the 

serum cholesterol by some unknown meohanism; however it may pro­

duce suoh side· e:t':f'ecte as flushing, pruritua, dry skin, eyperpig­

•ntation, anorexia, hepatio functional impairment with jaundioe, 

a. diabetic glucose tolera.n.oe au.rve, and. a.ngina..89 Neonzy-oi~ in 

clo ..... of 0.5 to 5 grams per day ~ -reduce the serum choles­

terol b;y altering the intesti:oal ·tlora..84 , 88 

· It .ha.a beennotea that serum cholesterol is elevated in eypo­

thyroidisa .., d.epruaed in ~erteyroid.isa, and it is also known 

that tb;yrox:ln especially tlUt dextrorota.ry isomer inN""eaaea the syn­

theait a.nd excretion of cholesterol. lb&t has beau sought ia an 

iaomer a£ ~o.xine tha·:; exerts a ~oholeeteroliaio response 

without produci.JJg- cardiac or Clalorgenio eff'eota.89 In atudiea 

utilizing 4 to- 8 mg of sodiu:rn dextro~rlne in p•tients with 

Coronary Heart Dis~e and ~eroholesteroiemia over period.a ot 5 

mont.ha to one year, ·the · scrum cholesterol has decreased approxi.._ 

mately 3~.90 However this form af therapy has no~ been gener­

al~ accepted. Tripa:ranol, and Nicotinic · acid. lower the serum 

eholesterol, but do ncrt reduce the trigfyceride concentration or 

improve the fat ·tolera.noe in contrast to d-t~oxi~e which doea.
91 

.Another drug, estrogen whioh ia thought to protect the fems.le 

from Coronary Heart ·Diseaae <lur:l.tijJ the premenopau.s&l yeara baa been 

viewed u bei:Di' helpful ill _prew.nUng Coronary He~ Dill8a&e• 

Fatienta who had. died of carcinoma o~ tbl proetateaiMi. wre tree.ted 
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. with estrogen, &Dd. those not treated 1izi. th es-troeen were autopsied 

a.nd,i.the degree of atheroscleroaia was evaluated. Those treated 

with estrogen had evidence of less atheroscl4'roais.92 Again this 

drug a.nd. all of the drugs d.iaou.ased have not been accepted as be­

ing of value in the preventive trea:tmezi-t of Coronary Heart Disease 

or in treatillg those who have suffered from Coro.na.rJ Heart Disease, 

probably oecause of the skepticiam conoernillg the significanoe of 

an elevated. blood oholesterol in contributing to Coronary Heart 

Disease. 
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Summary 

Coronary Heart Disease with its ohief clinical :manifeata.tion 

of myocardial .i.nfa.rctian, is a primsr,r cause of death in the United 

Statea-a.ooounting from approx:im;J.~ely y::,/, of all deaths, a.nd is 

strikil:lg d01lll productive men between the ages of 40 and 60 in 

frightening DW1bera. Thia disease which was tirat described olin­

ioally in 1912 has increased rapidly, almost in epidemic propor­

tions sinoe that time. While studying tbe pat;hological entity re­

sponsible for this disease, atheroeclerosia, ~ yea.rs before it 

was aasociatee1 with tlle olinioal picture, it wae found that these 

atheroeclerotic lesions had a.n abnormally large amount of choles­

terol. Consequentq when this disease gaiaa4 p.rominenee in the 

early part of this eentm-y, hi&h serum oholesterol levels nre asao-
. . 

oiated with Coronary Heart Disease. 1lowever ainoe this rela:tion-

ship was not co.tijlta.nt in all individuals other correlations were 

soughtJ anti. with the development and refinement of ch~oal tech­

niques and analysis; correlation was made with levels of beta lipo-

. proteins L"l +..he blood, and with the developm~nt of Ghe ul traoen­

tri.1\lge, d.itter6Jlt .fractions of the beta lipoproteina were more 

aignif'icantly correlated.. ;}y analyzing these different fra.ctiona 

ohemioally it was found that triglycerides were abnormally ele­

vated in I.hose people with Coronary Heart Disease. if' atudying 

those people Yi th rare familial ~rli_pemi.9.8 it was f'ou.nd that 

there was an abnormal tolere.noe to fat which was also found in 



peo1>le sufferi� wi i.h Coronary Heart Disease. 11a.ey other correla­

tions were made, suoh as rela�ing Corons.ryHe&rt Disease to b� 

. build, behavior pattern,. and p�sioal ao�ivity. An intere�tiDg

series of investigations involvillg different populatio:aa related

a decrease in the incidence ar Coronary Hea.rt Disease with a deorease 

in blood lipids resulting presumably from adeorease o£ the percent
. 

of· total calories from fat consumed 1';y, 
. 

the r,opulation imolwd. 

Simila.T s-tudies related lQ,pertemijn� obesity, oigarette smoking, 

diabetes mellitus, biYPotbyroidism, kidney disease to·an increased 

incidence of Coronary Rea.rt Disease.    It has been advocated that bi8}l 

,riak pa:r;ien:ta can be detected by evaluatil:lg their serum choles­

terol, blood pressure, weight, family histor,y, .a,wi KCG. It has al.ao 

been ah.own tha.•.; .diets high in saturated fate, with the fats 

compriai.ng about.. 4<>.' of the. total calories ia associated with an in• 

crease in blood lipids a.nd i�reaae in incidence of co� Heart 

Disease • .  Conseque�tly diets have been recommended tor the high 

risk patients which_ advocate a moderation of total ce.lcrles with 

. 

f'at comprised of polyunsaturated fa.tty acid.a, and decreaau,gthe 

amount of dietary oholeaterol. This type of diet has proven to be 

atteotive, however it is not reoommended by the A1U Council on

Foods and :N'U.tri tion !'Or the geJ:lffal population. ' Speo;U'io drugs 

have been tried which lower the aerwn oholestero1·, b.owevei· they: 
, 

. 

have· not been generally aooe1,-ted. 
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00.JCLUSI,Oli 

I. '!'hirty percent ar all the death.a in the United Sta tea are 

chle te Coronar,y Rea.rt Disease. This disease wu rare bef'ore World. 

War I, bei.Dg·only olinically daaoribed_b;y J):r. J.B. Herrick in 1912, 

and now is our leadiri..; oau.se of dea'\b., oaui.ng 270 deaths per 

100,000 po,PU].ation. 

II. Thoee with Corona.ry Heart Diseue under age 50 have a1'ni,fi-

0&11t ~leTatian (:If the a&l"Wll o~,.,leaterol, uually over 260 ~. The 

trig~ide l.nel is elevated. over 5.5 ailliequivalenta per liter, 

. apparen-tq 1l!ON oonatantly than tu ae:nm oholeaterol in thoae with 

Co:rOD&r,1 Heart Dis .... , and ia OOlWiatentl1 elevated in thoN with 

Coronary !!G&?"t Disease onr age ,50. ThOM in th• normal population 

with triclyoerid.e level.a over t.ae normal level may be the OnN moat 

likely to devalo_pe Caronary Ilea.rt Di--..e in t~ :tu.ture. · The tr.1.­

glyoerlda d.etemillf.ti,n ia tecbnicall1 DlOre dittioult tb&n ta oho­

leaterol determ.in&tiu and oCIDffqUe.u'tly i:, not used •• often. The· 

beta lipoprotein 8ZJd phoapl:l.olipid determinationa ban been ahnzl to. 

be eln-ated sii;nitioantly in Corom...7 Hea.ri Di•..,.. wt they are 

technically dif'f'ioul '\ and •~eui.,. and theret~ ll0"5 · prutioal. 

Howwer, the :tat toler,&AN teat utill~ I 131 -trieleiA ~ p%'O'Y9 

to be a usa:tul aoroeni.Qg procedtlre in detecting illdividual.a auaoep­

tibl• to OOl:'OZ.1&1:7 Heart :Di ...... 
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llI. E;pidemiologi.cal. studies in the Uni tea States baft :nvealed 

·an inQre&Sed. incidence in CorQll&ry Bea.rt Disease in those with b;yper-..... . . 

ttmaion and in those who are 0V&rnight. Pao,p.1& ti.th aerwa oholea .. 

. tcarcJl owr 260 � have th.re&· times � incidence ot Ccn-onar,y 

R.eart Diaeaae. E.pid.emiole,tgioa.l a'tU4tM :b-otbff•_ 00\mtriea ranaled 

a cleae con-elation be·twen an inore.aH. in the quu.ti v ot tai in 

the diet, an inoreae il1,. •U"Um cholesterol a1'¥l an ·increase in Coro­

_,. RAri »i.•-•• !:acial · fe.ctora aeQiled 1•• iominant .. tb.Q clieW,,'r:"".; 

futon. A cl&crNff in �sioal actiYit)r, a1110k:Sng, &Dli. eom,etitiff, 

.
s�Vine 

 
personality pa.ttGl'lls were as�ooiated with. u inorM.Hd.

' 

·tv. . OOJ:'OIUi.17 Heart Dieeaae Jll.18t 'be pNW!ded: JMton ·.the olili:loal .

dis•• beoomea mailif'eat,. because approximtel,- � c,t th.OH men

affected. witn·the cludoal 4i� di• suddem.y.or within arehl­

ti�fy short time. i. '111w icoro.nar;r prone tnd.i '1'1.dual � be cletkted ·" 

gr a bia'tory -.nil plr3rit,al empbasi.ing history ot cigarette SilOkiDg t 
� . 

p_,sioal ·inaotint,, �•onality- pe.tteru, a.uc1 f'u.11.7 biator,- ·rd 

aoron&r1 Hear-; Disaase. · !l'hia la oouplecl with d&termimtiona ot

. •■ertlffl ·ohoteaterol, blood gl\lOOae�lOOlil prenu:n., weight, --..JDO. ..
. . 0

''.t'h• ·-�Ubl• �8011--.Y then 1'e tH&t•d by .. nuuiti.onal a:n4·:pha.ra-
_'4 . . . ,' 

.. . , 

ooolopdal �, ud DJ" a�� ill 11'rilrt net�., -�n&r,y trea� ·, 
,(/ . . . .··.;_.-. 



inc t'or -� ,.-ttet•l calories, with a redu�tion in _iaturatedfatty 

aoiu,&l'ld u.-incn.-Na• 1n·polywwatura.ted ta'tty. a,6iti, ·and ·a.:od•QNU•· 
. 

. . . . 

in dietary oholeaterol. SUch a ·diet
. 
wOI.Wi· inolude skimmed milk, . -

iea.n meat, towl, ·:fish,· :fruit, and 'f'e&'•'tlt.b�ft·, ··and wo,.u.4. ttxolude ·· 

bi.ltter; w:hOle milk,· oheen, C!t'&aa, egg yolka, ·fat of meat, ·-shor-, 

teni.rcs, · margarines, and oao.oo-l&te. ···Drugs· ·uaed · to redl»e the . aezm 

choleaterol. •are· tripannol; dtosterol, lrl.cotW-6 acid, - naomycin, �

.·end...sodiua clextro¥ozine, however ·'theff hav� not nen ao�pt.cl .· 

mod••. ot '\her;.py. · · '?he .m. Counoil on l'GOd. -d ·Nu:trn:ti� � · 1t0il·· 

a4voa.ted···cha.nging the A.merioa.n ·dicet to.prevent •CotoJlar.t"t X6&rt 
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