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Introduction

It is rare to encounter a family in our society that has not had
personal expenence with heart attacks, either directly or among
dlose friends The frequency of occurrence of heart attacks in
our population is so high that this disease now outranks all
others by a very wide margin as the major cause of serious dis-
abihity and death. This 15 amply illustrated by our vital statistics,
which reveal that heart attacks account for approximately three
times as many deaths as all forms of cancer combined.

At one time heart attacks were considered 2 more or less in-
evitable consequence of growing old. Eroncously, some still
think this is the case. Indeed, there is prevalent some opinion
that since we must die 1n some way, heart attacks—usually
sudden—may represent a relatively favorable way to leave this
world. The haein veanat - v .o
incorrec
withme

ERR A

hie,. especaally m men, when individuals are at the f\eighé of
their productivity and usefulness to society. Forty- and fifty-
yearold men, in whom a vast number of heart attacks occur
each year, can hardly by any stretch of the imagination be
considered “old” men. "Hence we can safely say that even
though age may be one factor in the disease, it is not by any

i



x Introduction

means the only one. Certainly some more satisfactory explana-
tion than aging alone is required to understand the high inci-
dence of heart attacks in men under fifty and even under forty
years of age.

A prime feature of the entire phenomenon of heart attacks,
and probably its most terrifying aspect, is its suddenness of
occurrence. A person, by ordinary techniques of medical ex-
amination, may have been pronounced in excellent health one
day, one hour, or even one minute before a fatal heart attack.
Thus aspect of the disease has been brought into sharp relief
by the following statement of the cardiologist for a large life
insurance company: “It is most disturbing that men can have
a fatal heart attack before the ink has dried on a large life
insurance policy that has just been issued them.”

It is quite understandable, then, that repeatedly the question
1% raised by industnal chiefs, military leaders, and the heads of
governments: “Is there no way to predict who the likely candi-
dates are for the development of disabling or fatal coronary
heart disease before the sudden occurrence of a heart attack?”
Obviously a basic prerequisite for a positive approach to the
allimportant problem of prevention of heart attacks is some
method for preselection of those individuals who carry an un-
duly large risk of subsequent development of heart aftacks.

Or, if heart attacks cannot be completely prevented, there
does exist the prospect, by early recognition of those especially
prone, of postponing the disease to a much later period in life.
This question of whether prediction of the hazard of coronary
heart attacks is possible in an individual deserves most serious
consideration and thoughtful reply inasmuch as it represents
one of the most important questions facing our adult popula-
tion today. Yet in widespread lay and medical sources bland,
platitudinous replics have been repeatedly issued in apparent
total oblivion of a rather enormous pool of sound scientific
information, won at great cost, upon which a thoughtful reply

might be based. -



Intyoduction B

Comments from uninformed sources ate steadly mede to
the effect that the basis for heart attacks remains a complc‘!e
mystery and that prediction of the disease in advance of its
overt presence is impossible. Such camments are made in spite
of the fact that all of the soentific evidence, accumulated
through the efforts of numerous investigators, contradicts these
statements completely. It would thus appear that the average
intelligent layman might want explained in familiar terms what
we do know today about heart attacks, their real nature, and
their predictability, since in actual fact a great deal of the
“mystery” surrounding heart attacks has been cleared away in
Tecent years

It is the author’s purpose to provide here the evidence that
has been sohdly accumulated concerming heart attacks, their
basis, the prospects for prediction of those carrying 2 high risk
of the disease, and the directions in which such evidence sug-
gests that resolution of the problem of heart attack prevention
may he This information, transtated into usual terms, wil, it
is hoped, prove helpful to the intelligent layman who is inter-
ested i this prablem but who does not himself have known
heart disease [t should also be helptul to the person with heart
thisease who wishes to have a clearer picture of what this dis-
ease truly is and the why and wherefore of some of the treat.
ment and preventive measures adwised by physicians.






CHAPTER 1

The Heart Attack and Its Underlying Basis

Although there 35 some loose tsage of the tem heatt a?t:fck,
there 15 almost universal concurrence by laymen and physicians
alike that this term denotes a specific medical entity. This
medeal entity may present itself in a particular patient overtly
m one of several forms with Tespect to the actual signs and
symptoms noted. Depending upon these signs and symptoms,
several different terms have been utilized to describe the dis-
ease, such as coronary coronary th is, angina
pectons, myocardial infarction, coronary disease, or simply
heart attack. It 15 immediately to be noted that the word coro-
nary oceurs with great frequency in the desenphion of the dis-
ease entity, and aptly so, for coronary is the name applied to
those arteries (blood vessels) which supply the heart muscle
ttself with a blood supply. Such a blood supply is, for the
heart as for other organs, wital in the provision of nutrition,
otygen, and as a means for the disposal of the waste praducts
of metabolism. In recognition of this vital role of supplying
blood to the heart muscle, the vessels performing this task are
+ tegarded as the “crown” arteries, or “cotonary” arteries,
Ess‘mﬁa“Y, the hedrt is an orgamzed mass of soecialived
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equired for the formation of 2 firm scar_ (the fibrous tissue
zwbmeammmd- Thus com:
plete bed rest with an absolute minimom of exertion is gen-
erally advised for the early period following a h?rt :vxltack. .

All the foregoing considerations refer to the snunhfm which
exists when the branch of the coronary arteries closing down
is a relatively small one. If, in contrast, a somewhat larger
‘branch of the coronary arteries closes down, the consequences
can be much more disastrous. In such an event the ares of
heart muscle deprived of its blood supply is much larger. 1f
this area is large enough and the damage to it severe enough,
there may be interference with the thythmic impulse of the
heartbeat tself, so that a highly irregular heart action may
establish atself. Certain of these highly irregular heart thythms
may be incompatible with the pumping function of the heart,
and sudden death may oceur. Ot if death does not occur, the
area of heart muscle mvolved may be large enough that the
danger of rupture or “blowout” of the heart wall is enormously
mcreased, an event which also leads to death. Even if an ade-
quate fibrous tissue scar replacement forms, it may be so large
that the remaining heart muscle cannot adequately carry the
lozd a5 a pump, with the result that the paticnt may become
an invalid or die of a disorder known as heart failure. In
essence, heart failure means that the heart can no longer func-
tion adequately as a pump.

Any of these events occurring in the hieart muscle is a conse-
quence of 3 compromised, inadequate blood supply to the
heart muscle itself. It goes withont saying that once an accident
has occurred, leading to a markedly diminished Blood supply
to the heart, all attention must rightly be focused upon efforts

to protect the life of the victim through the criti
weeks that follow. For this hing i+ e

h patient nothing is momentarily of
gr(;l(ﬂdlmportance However, any intelligent person w}myhns
s:u cx‘e)c such a catastrophe, or who knows someone who has,

'y be expected to ask a very important and very pertinent
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bers of the heart, little if any significant nutrition comes di-
rectly to the critical heart muscle through the walls of the
heart’s chambers. Such nutrition comes via the branches of
the coranary arteries, which are imbedded in the heart’s surface
and which send 2 multitude of small branches into the various
regions of the heart muscle itself. Further, the heart muscle
possesses very little teserve of nutrients and oxygen, and hence
depends for its integrity and life upon an uninterrupted supply
of nutrition and oxygen through the blood supply provided by
the coronary arteries. Shonld this supply of bleod by way of
the coronary arteries be significantly diminished or cut off en-
tirely, the heart muscle is placed in imminent danger of its
survival as a living, functioning tissue. As will be efaborated
later, it is known that the blood supply to some part of the
heart muscle can and does become compromised by closure of
a small or large branch of the coronary arterial tree. Such an
cvent is essentially what provides the ymmediate setting for 3
heart attack, since the heart muscle cannot survive long with-
out restoration of its blood supply. Fortunately, in many in-
stances, the branch of the coronary artertes which closes down
is a relatively small one, so that the area of heart muscle which
suffers is in turn small. Such an area of heart muscle may be
injured sufficiently to die, or it may survive in an injured form.

If the area of heart muscle so injured or killed 'is small,
nature’s separative processes may enmable the paticnt to survive
through the mechanism of gradual seplacement of the dead
or dying heart muscle by a tough, fibrous scar. Even though
this fibrous tissue scar cannot aid in the pumping function of
the heart, it does prevent catastrophe in the form of an actual
rupture, ot “blowout,” of the heart wall itself. It is remarkable
and indeed fortunate that an individual can live, with mini-
mum limitation of activity, even with several such scars of
previous heart attacksMThe reason why the carly days and
weeks following a heart attack are so critical is that during this
period “blowout” is a great danger, since several weeks are
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fhe protess which results in nartowing or slow closure of the
coronary vessels are such terms as arferiosclerosis and athero-
sclerosis, These somewhat formidable terms actually have rather
simple meanings and origins Sclerosis is 2 general medical
term meaning “hardening.” When arteries become matrowet
they do so m part by 2 firm overgrowth in their walls of fibrous
tisste and in part by a deposition of ime salts (calcium §a‘lts).
Thus the term sclerosis has come to be an apt description ot
2 major part of the process. The arterio- part of the name of
the process simply refers to the fact that the sclesosis, or
hardening, is gomg on in a blood vessel of the artesial type,
rather than, for example, in a vein. The designation athero-
means “porridge” or “gruel” This term was applicd to the
artenal disease because, as the artery narrows, part of the wall
becomes loaded with a fatty, yellowish material which, to the
earlier pathologists, bore a resemblance to gruel or mush,
Actually, arteri is and atherosclerosis cannot be sharply
differentiated as separate entities and indeed the aspects of the
disease inferted by both names are generally present in the
same region of any artery considered. What we must under-
stand by both terms is that a process (or several processes)
gocs on in the arterial wall leading ta its slow nasrowing, and
. that this includes some hardening due to Shrous tissue aver-
growth, lime salt deposition, and involves a fatty depesition
resembling grucl, All of this combined is the 123l essence of

‘;‘hat lLS pop}ﬂ:gly Tnovm as “hasdening of the artosine® 27

. s oesss uas 1 1a7ge measure vepresented an
academic exewise of Little merit, The vast bulk of the evidence
suggests that the most crucial feature is actually the gradual
namowing of the arteries that ocowrs plus the fact that such
t}::otg\\ed' :’tene& 2re inordinately susceptivle to the clotting of
mmml in them. This latter event is 5o often the rapid
nee that immeduately precedes the heart attack, Since
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question: “Why did the coronary artery branch close down
and thus deprive the heart muscle of its blood supply?” A brict
consideration will reveal that this question is the very e of
the entire problem of heart attacks, for if the artery had never
closed down, there would have been no injury to hemt muscle
and hence no heart attack. If we are to achieve prevention
of heart attacks, we must understand, sbove all, the way in
which arteries close down and the reason or reasons why they
close down. If we concern ourselves primarily with the problem
of what to do after a person has suffered a heart attack, we are
in a very real sense “Jockmg the bam Jong after the horse has
been stolen.”

‘What is the real nature of the closing down (or occlysion,
in medical parlance) of the coronary arteries which supply the
heart muscle with blood? Broadly speakingfhere are two ma-
jor types of closure, one that occurs slowly and progressively
over 2 period of many months or years and a second which
occurs tapidly over a short period, probably of minutes or
hours. Furthermore, it is of the greatest interest and impor-
tance that the rapid form of closure occurs almost wholly in
those parts of the coronary arteries which are already suffering
from the effects of the slow form of closure or narrawing. The
rapid type of closure is in general the result of clotting, or
solidification, of the blood within the arterial channel, this
artery having in generl already been partally namowed or
closed by the slow type aof closure. Since this is the case, the
major problem underlying the occurrence of heart attacks is
the slow type of narrowing or closure of the coronary arteries.
These can be Jigtle doubt that it is to this disease process that
most of our attention must necessarily be directed if our goal is
an ultimate reduction in the mortality rate from heart attacks.

The slow type of narrowing or closure of the coronary atteries
—vhich occurs probably over months, years, and even decades
—has been described by various names both in the medical and
nonmedical literature. Among the prominent descriptions of



CHAPTER 2

The Search for a Cousative Factor in
Coronary Artery Narrowing

Tn Chapter 11t was pointed out that the major factor under-
lying heart attacks 15 a gradual narrowing of the heart’s own

artenes, the coronary arteres, by disease processes known as
artenosclerosis and atheroscl

. The term disease processes
is used advisedly, smce for many years there existed a school
of thought 1n medicine which held that arteriosclerosis and
& atherosclerosis were perfectly nommal processes that could be
regarded as simply “part and parcel of growing old.”
1f this were simply an academic consideration, one would
hardly care whether some people chose to regard these proc-
esses as just part of growing old. But it must be stated that
the existence of this view has served as one of the greatest
deterrents to progress i the field of heart disease that has yet
ppeared For, of lexosis and atherosclerosis are truly
part and parcel of growing old, there is hittle we should do
about them but to accept them gracefully and with resignation,
No senous student of the problem of coronary heart disease
cdt any fonger countenance this outdated view. A multitude
of types of evidence has been accumulated which demon-
strates clearly the emmoneous nature of this concept. The all4oo-
frequent occurrence of severe toronary artery narrowing (and
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clotting of blood in blood vessel is known medically as throm-
bosis, we can readily understand why heast attacks are often
seferred to as coronary thrombosis.

The important sequence of events may now be summarized.
For some reason (to be discussed in detail later) arteries un-
dergo a gradual narrowing by the processes known as arterio-
sclerosis and atherosclerosis. This gradual narowing plus, in
many instances, 2 rapid narrowing due to blood clotting (and
solidification) within the narrowed artery finally resvlts in a
marked decrease in the blood supply ta the heart muscle. Such
a decrease in blood supply to the heart may seriously damage
the part of the heart muscle involved, with that disastrous
consequence known as the heart attack. The life or death of the
patient then hinges upon the extent of the damage and the
extent to which nature’s reparative processes can help. It should
be clear, thetefore, that an attack upon the problem of this
form of heart disease (the major form) must essentially be an
attack upon the problem of the gradual narowmg of the
coronary arteries due to arteriosclerosis and atherosclerosis. If
the gradual namowing of the arteries conld be prevented, the
subsequent events would not occur, and heart attacks (and
their enormous toll in health and life) would become rare to
the point of vanishing.
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fnitive divection to the basis or cause of the disease under
study. This latter approach has been very fruitful m‘pm‘pom‘t-
ing the underlying basis for atheroscl and tevost
of the coronary arteries. In this type of approach no ewder.lcc
can be overlooked, even though the sources of information
may be quite diverse and scemingly unrelated. Indeed, over-
Jooking some particular type of evidence bearing upon the dis-
ease may lose for the inquirer precisely the lead which would
have led to great clarification. Since we can afford to overlook
0 evidence, let us consider the varions types of information at
our disposal concerning heast attacks, which rust ultimately
be integrated into a compusite whole.

First, who develops coronary artery hardening and narrowing
aund their consequence, heart attacks? Tt is amazing what a
clue the answer to this question has represented. We can s3y

‘broadly that, on the average, there is mote coronary artery dis-
Pace mavantoe - 301, . . .

wuaens U6 preome progressively more frequent with the pas-
sage of each decade of life beyond childhood, By this we mean
that out of 1000 persons there will be a greater number of
heart attacks per year for thirty-five-yearolds than for twenty-
fveyearalds, for fortyfiveyearolds than for thirty-five-year-
0lds, and 50 on for each succeeding decade of life. Thus the
evidence is good that age is unquestionably a factor in both
coronary artery narrawing and in the occurrence of heart at-
tacks. But it 15 important to avaid the pitfall of making the
wholly unreasonable and unjustifiable assumption that age is
\f\xc only factor or even by any means the most important
!ac?x invalved, That age is not the only fattor is nicely con-
:{ heted by several facets of evidence: (1} Severe cotonary
\idnmyl sn;‘n&\‘\:?\g can and does oceur in some youthful indi-

eens, twenties, and thirties. (2) Many persons
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fatal heart attacks) in othenwise robust men in their twenties
and thirties argues strongly against the “growing old” concept.
Furthermore, it is now well known that many people reach
their seventies and eighties and at death (from other causes)
show very little involvement of their coronary arteries with
arteriosclerosis or atherosclerosis. All the evidence suggests that
arteriosclerosis and atheroscleross and coronary artery namow-
ing represent facets of disease processes that are by no means
confined only to the aging or aged and that should under no
circumstances be regarded as mevitable,

Our quest, then, is for an answer to the question “What is
the basis for the discase which results in narrowing of the
coronary artenies?” \Vith respect to any disease, the search for
an underlying basis or cause generally poses a monumental
problem. Especially 1s this the case for a disease process that
goes on insidionsly for many years without being obviously felt
until it announces its presence in severe degree by the occur-
sence of a heart attack. We know that hard and long efforts
were necessary to learn the bases for the relative handful of
discases for which the canses are known. The realization is
sobenng that there are many more diseases for which the
causes are unknown.

Certamn approaches do, however, suggest themselves in the
endeavor to seek out a cause or basis for coronary artery nar-
rawing. Following classical lines of inveshigation, one may
search for an infectious agent such as a bacteriam or a virus, ot
for a dietary deficiency such as a vitamin deficiency, or for
some foxic or noxious agent m the environment. To date the
efforts to find some such single cause of arteriosclerosis or
atherosclerosis of the coronary arteries have been unrewarding,
although this does not by any meas rule out 3 positive finding
in one of these directions in the future. Failing directly in the
effort to find a single cause along classical lines, one may mar-
shal the existing evidence with respect to the disease in the
hope that certain clues can be put together to point in a de-

.
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nary artery natrowing eatly in lifc and do have heart attncks.'
and many men of the same 2ge thave much less coronary am‘fr)
namrowing than some women. But the average trend, both with
respect to extent of coronary artery narrowing and heart nt.tack
1ate, is unmistakably higher in men than in women. Agnm, a
telatively simple observation provides us with information of
enormous value in our search, and it becomes apparent that
somewhere in our overall picture of the disease this clue—
the difference between men and women—must be put inte its

proper place
What else do we know of who develops this disease? It has
been observed long ago that certain families seem inordinately
prone to the development of early and severe namowing of
their coronary artenies and to the occurrence of serious or fatal
heart attacks early i hfe. In some of these families one may
discover upon questioning that, of three brothers and two sis-
ters in a family, ail suffered one or more heart attacks before
the age of forty years, with some having had their heart attacks
in the twenties. For 5o many young mdividuals in a family to
suffer heart attacks before forty years of age, by the laws of
chance alone, is so improbable that there can be no question
that these families must have something operating to produce
such a dismal picture with respect to the outlook for heart
disease. So well accepted is the knowledge that certain families
seem inordinately susceptible to heart attacks that some wags
have facetiously remarked that the best way to avoid coronary
c(l)xts:aﬂsec;s to cht?ose on?'s ancestors m(efl..l“y. But, as with the
ues, this one is not umiversal either, for there exist

many famlies with a hustory of longevity in which one member
of the family may suffer from early extensive coronary artery
nartowing and an early heart attack while other members of
the family do not. The observatio

* Tamily ¢ n of the positive familial re-
R:mn;hxp In some eases s, however, a solidly based one and is
Tietote one of the definitive pieces of the puzzle requiring
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in the later decades of life {for example, the seventies) are
relatively free of this disease process. (3) Even if we compare
individuals at a given age (for example, forty years of age) and
limit our observations to one sex, one accupational category,
onc race, one height, one weight, and camparable with regard
to many other features, we still will find that certain of these
individuals show extensive coronary artery natrowing. others
mederate narrowing. and some will show almost none of this
disease pracess. This finding, it is to be noted, can be made
where all the individuals are of exactly the same chronological
age. How then shall we interpret the clue of age? There can
be no demal of the average increase of coronary artery namow-
ing with increase of age, but there are so many exceptions of
marked degree to this average trend that we must conclude
that age is one factor but only one of the factors that operate.
‘The age effect can be and is in many individuals overshadowed
by some other factor or factors. We shall return later to this ques-
tion of the age factor, for considered in the light of many other
findings it enables us to clarify many otherwise apparently
paradoxical findings.

Going on with the question of who develops coronary artery
narrowing and coronary heart attacks, we come upon the se-
markable observation that in practically every conntry where
the problem has been given serious attention it has been found
that men of a particular age, especially in the age groups below
sixty years, are mote bkely to develop heart attacks than are
women of the same age. In the thirhies, it appears that men
are at Jeast four or five times as likely to develop heart attacks
as are women. As confirmation it has also been found in the
study of the coronary arteries of persons who have died in
accidents that there is more of the coronary artery narrowing
to be noted in the average man of thirty-five years of age than
in the average woman of the same age. Again this cluc is not
an all-ornone clue. Some women do develop extensive coro-
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sty artery nanrowdug, carly fn lifc and do tave heart attacks,
murnmny e of the same age Jave snuch less coronaty artesy
anrowhns than some womnen, Bt the average trend, botts with
yeypect to extent of Lonory sdlery sasawiog, aud heart “‘_“‘"k
tie, 15 nnnplstakaldy Thgher fus men than in wome, Apain, 2
selatively simple observation provides us with information of
eriomous vahite I ot scarch, and Bt becomes apparent that
somewhere i our oveeall pliture of the disease this clue—
the difference hetween men ind women~must he put into its
propet place,

Wihat clse do we kiiow of whi develops thiv disene? Tt Jue
teen olserved loug apo tat certain funilies scem nordinately
prone to the development of eady and severe wanowing of
thair coronary nitetles nnd {o the otcarrence of serious or futad
heart sttacks warly dn e, In some of these familics one may
discover upon questiontiyg that, of three brothers and two sis.
ters i o frdly, all suffered onc of wote hieart ottacks before
Vie nge of forty years, with some Yavig had their heart attacke
I e Lwentles, For so nany young Individuals in o family to
wifer hewrt attacks before forty years of age, by the Taws of
diance alome, s £ fmpmlable il there can bie no guestion
that hese fomilics st have something operating, to produce
suchh sl pieture with sespeet to the ontlook for lieart
dhense, So well neeepted 1 the knowledge Bt certain families
seem fuordinalely susceptibio to Lieart stinch that some swaps
h"‘wc leetonsly wuuukt'd that the Liest way to avold cmm\n;y
dHecuse dy o chooe one's tneestors earcfully, But, s with the
othier clues, thiv one Iy not unlversal elither, for there £yfst
iy Cadlics with o Litstony of \nnr.cvi\y in whiteh one iember
of e fumily iy sifler T eatly extensive coronary mle
:‘('“‘('Whl}{ k- catly et atlack while other xm:n?l)m (?f'

ke Linwily do not, Ve abscvation of the posdtive Gl ye-

Dl b some coven §s, however,

therelote e of ¢ 1 solidly used eme and iy

he definitive pleces of the purdde requiring
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in the later decades of life (for example. the seventies) are
felafively free of this disease process. {3) Even if we compare
1{1d§viduals at a given age (for example, forty years of age) and
limit our observations to one sex, one occupationa) category.
one race, one height, one weight, and comparable with regard
to many other features, we still will find that certain of these
individuals show extensive coronary artery nawowing, others
moderate narrowing, and some will show almost none of this
disease process. This finding, it is to be noted, can be made
where all the individuals are of exactly the same chronological
age. How then shall we interpret the clue of age? There can
be no denial of the average increase of coronary artery narrow-
ing with increase of age, but there are so many exceptions of
marked degree to this average trend that we must conclude
that age is one factor but only ane of the factors that openate.
The age effect can be and is in many individuals overshadowed
by some other factor or factors. We shall return later to this ques-
tion of the age factor, for considered in the light of many other
findings it cnables us to clarify many otherwise apparently
paradoxical findings.

Gong on with the question of who develops coronary artery
narrowing and coronary heart attacks, we come upon the re-
markable observation that in practically every country where
the problem has been given serious attention it has been found
that men of a particolar age, especially 1n the age groups below
sixty years, are more hikely to develop heart attacks than are
women of the same age. In the thirties, it appears that men
are at least four or five times as likely to develap heart attacks
as are women. As confirmation it has also been found in the
study of the coronary arteries of persons who have died in
accidents that there is more of the coronary artery narrowing
to be noted in the average man of thirty-five years of age than
in the average woman of the same age. Again this clue is not
an all-or-none clue. Some women do develop extensive coro-
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nary artery narrowing eatly in life and do have heart attnckS:
and many men of the same age have much less coronary am.:r)
narrowing than some women, But the average trend, both Wl‘:
respect to extent of coronary artery narrowing and heart attac
rate, is unmistakably higher in men than in women. Agfnn, a
relstvely simple observation provides us with information of
enormous value in our search, and it becomes apparent that
somewhere in out over-all picture of the disease this clue—
the difference between men and women—must be put into its
proper place.

‘What else do we know of who develops this disease? It has
been observed long ago that certain families seem inordinately
prone to the development of early and severe narrowing of
theur coronary artenes and to the occurrence of serious or fatal
heart attacks early in life. In some of these families one may
discover upon questioning that, of three brothers and two sis-*
ters in a family, all suffered one or more heart attacks before
the age of forty years, with some having had their heart attacks
in the twenties. For 50 many young individuals in a family to
suffer heart attacks before forty years of age, by the laws of
chance alone, 15 so improbable that there can be no question
that these families must have sometiing operating to produce
such a dismal picture with respect to the outlook for heart
disease. So well accepted is the knowledge that certain families
seem nordinately susceptible to heart attacks that some wags
have facetiously remarked that the best way to avoid coronary
disease 15 to c}u.:use on.e’s ancestors carefully. But, as with the
other clues, this one is not universal either, for there exist

many (ami\zes wnth 2 history of longevity 1n winch one member
of the family may suffer from early extensive coronary artery
n}::nmr}g and an early heart attack while other members of
l‘ntel;::‘m]x}y do not. The abservation of the positive familial re-
1P In some cases is, however, a solidly based i
therefore one of the definitive P e pole o

neces of the puzzle requiring
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ultimate assembly. Much is now understood concerning the
raechanism by which such familisl factors operate; this will
be elaborated later in this book.

Other types of evidence have been brought to bear upon
the question of swho has coronary artery narrowing and heart
attacks, One prominent type of evidence has arisen out of
geographical studies of the incidence of the disease. In certain
countries coronary artery narrowing and the occumrence of heart
attacks is extensive, as it is in the United States, where the
problem is 5o serious as to constitute our rumber one medical
problem in adults. Elseshere in the world there are countrics
where narrowing of the coronary arteries proceeds much more
slowly and where the occurrence of heart attacks is so relatively
infrequent that medical authoritics hardly consider heart dis-
ease of this type worthy of more than passing comment. The
geographical clue is of undoubted importance, although it is
cvident that there are many factors which differ from one
country to another, such as race, climatic factors, dietary fac-
tors, prevalence of pestilence, and a host of others. Yet it tumns
out that it is possible to find certain central features that dis-
tinguish persons in one country from those in another, such
features probably being of direct importance in predicting why
the incidence of coronary heart disease differs mn almost any

two countgies under consideration.

Oth%ﬁa?ures may now be considered in our search for
clues."One that interests people a great deal is the possible
relationship of overweight to the development of coronary at-
tery narrowing and to the hazard of eccurrence of heart at-
tacks. It can be stated first that all observers know that heart
attacks are limited neither to the fat nor to the thin. Thus, as
with so many other factors, overweight cannot possibly be an
absolute criterion. However, very impressive evidence indeed
is available that incriminates overweight in the development of
caronary artery marrowing and as a factor in increasing the
risk of heart attacks. Foremost among such evidence is that
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developed by the life insurance companies inlobservmg the
occurrence tate of coronary heart attacks of policyholders over
many years They have found, in virtually indisputable s}u_dxes.
that the rate of occurrence of heart attacks was strikingly
greater, on the average, in their overweight policyholders than
1 those who were not ovenweight. Pathologists studying the
arteries of persons who had died of a vadety of causes have
also shown that there is more coronary artery marrowing, on
the average, in the overweight than in those not overweight.
Popularly, and in many medical circles, it is felt that the ex-
planation for excessive heart disease in the overweight is a
simple one. We are often treated to the analogy of 2 fat man
being the same as a thin one except that the fat man is carry-
ing a large suitcase flled with 50 pounds of fat. This, it is
stated, presents a large burden to the heat. Scientifically, how- -
ever, it is amazing how httle evidence exists to support this
“excess baggage” concept of the relationship of overweight to.
heart disease. On the other hand, the existence of a relation-
ship of overweight to excessive heart disease is clear. This clue,
together with others, does allow for a great insight into the
probable mechanisms that account for the observed relation.
ship, together with some very hopeful prospects for utilizing
\lﬁ;.)m{nnahon in the prevention of heart attacks,
high blood pressure is very commonly associated in the
minds of both layman and physician with coronary heart at.
tacks Some people have ly idered arteriosclerosi
‘:’d high blood pressure a5 one and the same disease. 1t has
ccome quite clear from relatively recent studies that definite
relationship does exist, in an average sense, between blood
pressure levels and coronary heart attacks. Attention to this

relationship may help in understanding so i
me otherwisc o
features of the disease and in . b

to prevention and treatment

providing some useful approaches
of the disease,

. Nmi::\tmus other features have been under study in the effort
0 scek out clues to the basis for coronary heart attacks, Amaong
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these are such questions as composition of the diet, cigarette
sm?king habits, occupational groups, body types, extent of ex-
ercise, hormonal balance, and the “stress and strain of modem
living.” Some of these have been quite rewarding and have
made a great contribution to our understanding of the nature
of the disease; others still elude us, at least in part, often be-
cause of great difficulty m making any quantitative estimations
that can be used in analysis of the evidence.

In summary, it can be stated that even though no simple
disease-causing agent such as a bacterium, a virus, or a toxic
material has been found for coronary artery narrowing {and for
heart attacks, which represent a consequence of such namow-
ing), we are certamly not without a host of valuable clues, each
based upon solidly founded and documented scienbific infor-
mation. When such a sitnation arises involving a set of indi-
vidual clues, there are two possibilities: either all the clues are
wholly unrelated to each other, or several (possibly all}
may be presenting to us different facets of a single important
basic aspect of the disease If it turned out that all the clues
were unrelated, the study of the disease would be extremely
difficult, although one would still have to go forward to evalu-

ye{ch clue and assess its role in the disease.

In the case of coronary artery hardening and coronary heart
attacks, it has now become evident that most of the clues
described above are indeed closely related and intertwined.
When placed in their proper perspective and interpreted, it is
found not only that we obtain a very reasonable integrated
picture concerning heart attacks, but also that the various fac-
cts prove complementary to each other. This greatly increases
our confidence that the understanding derived must be a fruit-
fil,one, worth applying m the effort to make 2 senous attack
ugm the problem of minimizing or preventing coronary heart

Sdisease. Attamment of this mtcgrated picture of heart attacks
requires that our attention must now be directed to the evi-
dence which leads to an understanding of how all the seem-
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ingly unrelated clues described above actually fit together. For
this it is essential to consider first the findings that have come
from the study of the cireulating blood itself, since such studies
are central to the understanding of all the facets of coronary
artery hardening and coronary heart attacks.



CHAPTER 3

The ¥mportance of the Fatty Substances of
the Blood (Lipoproteins) for Heart Attacks

Several seemingly diverse and unrelated clucs have been un-
covered which bear directly upon the problem of coronary
artery narrowing and heart attacks. How do we approach the
problem of attempting to mesh these clues together to achieve
an understanding of this disease? When we find several features
of importance in 2 disease, at first view unrelated, one reason-
able way to proceed is to find out if there exist any denomi-
nators common to all or to several of these features. Especially
is it desirable that such possible common denominators be
measurable and expressible in quantitative terms,

In a new disease problem, it 1s a matter of no Jittle difficulty
to make a decision as to where one should loak for possible
measurable common denominators. In our present case, one
might try by a systematic screening process to measurte a great
variety of things about people to see if any of them may rep-
resent the sought-for common denominator. For example, one
might make a measurement, such as the height of a person.
Quick consideration of the clues described earlier, however,
would show that height can hardly be the factor which will
weave any thread of umty through all the evidence at our
disposal. Or one might mvestigate such a factor as the number

16
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of red blood cells in the circulating blood. Here again, con-
sideration of the evidence would reveal that this cannot be
what is sought, Although in retrospect tesearch workers oftc'n
like to forget the many blind alleys they have explored, and in
their discussions with students make the path that 1ed toa
discovery seem like a highly logical sequence of steps, reality is
rarely like this, There is always some element of trial and eror,
some element of hunch, coupled, in the hands of the successful
investigator, with “some most reasonable idea of whc_re to
look” Our present state of advancement 1n the ‘m\cgt:.mon of
the knowledge of heart disease is the result of the trials and
erors of many hers, thext hunches, and their bl

guesses But it must also be stated that some of the faulty in-
terpretation of research findings made as long ago as twenty-

five years served to delay progress in this problem by more than
a decade.

Fufty years ago, and 1 less refined form even a hundred years

ing to be made 2s to
where one should look for common denominators in the prob-

lem of coronary artery disease. In the eathier deseription of the
/nanowing of the coronary arteries—which sets the stage for
ultimate heart attacks~it was noted that some of the material
which accumulates on the artenal wall (or in it) and con-
tnbutes 1n patt to the narrowing is a fal 3], deseribed
as resembling gruel or pomndge. Investigators asked themselves
the reasonable question “What might be the ongin of the faity
substances which accumulate 1n the arterial wall and thus con-
tribute m part to the closure of the coronary artery?” One
possible answer to this question is that the fatty substances
found in the artenal wall are made right there b
tions from other subst can
\::Ddchemm“y achieved by living tissues), Indeed, there are
- 4y some investigators who are stll exploring this idea, al-
though it can be said their work has opened essentially no ,“t\v
vistas for the understanding of coronary disease as yet.

transforma™
(since such t ‘y i i
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Others suggested early that since the arterial walls are bathed
, constantly by the blood coursing through the arteries, it might
be quite logical to entestain the idea that these fatty substances
might get into the artenal walls directly from the blood. How
and why fatty substances might go from the blood stream into
the arterial wall may be quite a different question to answer.
However, the simplicity of the concept of considering the
blood as a source of the fatty substances was such that many
wha prefer to make things as complicated as possible abhorred
the idea, and some diehards still do. Nevertheless, the very
reasonableness of the concept attracted many students of the
disease, who undertaok to study the problem from this direc-
tion. First it is to be noted that the blood does indeed have
several fatty substances dissolved in its fluid portion (the
plasma) as well as some fatty substances in the red blood cells.
Chemical analyses showed that the major chemical constitu-
ents of the fatty materials which accumulate in the arterial
wall are identical with those of the fatty materials which circu-
late m the blood. The question then presents itself: “If the
fatty substances in the blood do indeed represent the source
material for the fatty deposits in the diseased artery wall, why
should such deposition occur?”

At this point it is well to recall the observations described
earlier which indicate that for the same sex and the same age,
two individuals may show vastly different degrees of coronary
artery narrowing, and of fatty depositions which are so fre-
quently a part of such narrowing. One possible explanation
which was suggested was that some individuals might have
greater ts of fatty sut es 1 the blood than others.
Another suggestion was that the fatty substances might be in
a different physical or chemmcal form in the blood of certain
people than in that of others. As we shall see later, both sug-
gestions are now regarded as comrect, but it fs important at this
point to trace the development of these lines of reasoning.

Returning to the first suggestion, that indwiduals with ex-
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cessive artery hardening might have greater amounts of fatty
substances in their blood, the problem that arises is the dcve!-
opment of a method for testing the possﬂ)lfz \‘mhd\ty of this
idea, It might appear at first thought that this is an extremely
simple idea to test, since all that is necessary is to measure the
amount of the fatty substances in an individual’s blood a.nd
to compare this with the degree of coronary artery narrowing
present. But how does one measure the amount of natrowing
and hardeming of the coronary atteries in the living person who
is in 2 state of apparent health? No method is known that will
mensure the degree of coronary artery narrowing in a living
indidual, since there is simply no way to look inside the
vessels of the heart. This 15, in essence, why coronary heart at
tacks stuke without warming. Until the vessel (the coronan
artery) closes down enough, especially via the rapid form o
closure due to clotting, thete 15 no way, by usual tests, to knos
that a serious degree of this narrowing process has even bee:
going on. To many indvduals this would ta de
couraging state of affairs and the problem would be given up
impossible of solution. But this 15 a highly superficial approac
to a challenging problem, and fortunately many investigato
&ud not give up so easily Here 1s the concept needing evalu
tion—that excessive amounts of certain fatty substances of t}
blood may be related to the development of excessive deposi
of fatty substances m the walls of the coronary artenes—but 1

method exsts for measunng the fatty depost e
walls in the fiving ¢ ituns sppen b o

erson. Some substit i
fore necded. g P substitute approach is the

_ Ratly i the bistory of the study of coronary artery disea

investigators came up with 2 logical, brilhant, and extrem

simple salution for by-passing the above-desenbed diffieul.

‘They reasoned that simce coronary artery narrowing sets !}Z;r

;!;g; :\Z(\, 1;::; a;tncls, it could be anticrpated that a group of
ho b erienced one or mo k

b erpeeteg 1 Sh:c‘s o oy o te hieart attacks would

€1y narrowing and fatty
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depos_ition in the wall of the coronary arteries, on the average,
than 2 group of comparable age and sex where no signs or
symptoms of heart disease had become evident. That this
reasoning is completely correct has been borne out by several
studies of hearts and asteries after death, now cassic in the
medical literature. These studies show that the degree of coro-
nary artery narsowing and fatty deposition in persons having
had a heart attack is strikingly greater in degree than in those
who died, for example, an accidental death, Thus it was emi-
nently logical to go ahead with studies of the amount of fatty
substances in the blood of two groups of persons—those who
had survived # heart attack and a group, matched otherwise
by age and sex, who had never experienced heart disease to
their knowledge. The matching of the groups by age and by
sex is very important, since otherwise one is testing scveral
features at once and is led to uninterpretable results, Unfor-
tunately, many medical scienbsts still do not appreciate this
crucial point.

Even by the crude techniques available over twenty-five years
ago for measuring the amounts of the fatty substances of the
blood, it was found in the carly tests of this concept that the
avesage amount of fatty substances in the blood of heart attack
survivors was indeed higher than the amount 1n the blood of
those who had not had heart attacks. To some medical investi-
gatars the implication of these findings was that elevation in
amount of the blood fatty substances is in fact associated with
the deposition of fatty substances in the arteries and with the
narrowing of the coronary arteries, This implication was de-
rived in the following way” Heart attack victims show higher
average amounts of fatty substances in their blood than do
those without heart attacks; heart attack victims show more
coronary artery fatty deposition and nartowing than those who
have not had a heart attack. The probsble basis for these two
observed relationships is that excessive amounts of faity sub-
stanices in the blood are associated with excessive deposition of
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* fatty substances in the artery wall and with excessive coronary
! aﬁy nanawing While clanfication of the nature of this 135';,
implied relationship would still requite enormous amounts ©
work 2nd translation into practical application, it would appear
obvious that the findings should have been a basis for intense

' interest and exaitement. 5

" Averitable avatanche of work and progress in understanding

 heatt attacks should have followed almost immediately. Such
was not the case, unfortunately, because some skepticism d.c-
veloped to dispute the significance of the findings. The skeptics
&d not actually challenge the observations that indicated a
higher average amount of fatty substances in the blood of heart
attack victims. They were disturbed, however, by the fact that
some of the people who had not had a heart attack had greater
amounts ‘of fatty substances in their blood than did some of
the victims of a heart attack. In other words, they were dis-
turbed by the existence of an overlapping in the amount of
the fatty substances between the two groups of persons under
study. According to the reasoning of the skeptics one would
expect that all the heart attack victims should show high
amounts of fatty substances and all those who had not yet had
a heart attack should have shown low amounts of fatty sub-
stances in the blood. Further, they thought that the lowest
amounts to be found in heast attack victims should be higher
than the highest amounts found 1 those who had not experi-
enced a heart attack. Probably medical history will rarely record
examples of more fallacions thinking than that of these skep-
tics. The fallacious thimking arose out of at least two major
sources: first, a serious Iack of understandig of the nature of
c(;mnn;y artery disease; and second, a self-deception in the use
ot words.

Aittle consideation of the well-established facts about coro-
nary attery nartowing and heart attacks reveals that, in contrast
to the views of the skeptics, an overlapping in the measured
amounts of the fatty substances between the heart attack grouy
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and the non-heart attack group is precisely what must be ex-
pected, if the concept of a relationship of blood fatty sub-
stances with development of coronary disease is corect, The
evidt?nce indicates that high levels of blood fatty substances are
required if coronary artery narcowing and heart attacks are to
develop. If none of the people who are now apparently healthy
had these high amounts of fatty substances in the blood, we
would not expect any of them to develop heart disease. In this
event those who had not yet had a heart attack would never
have a heart attack and the problem of heart attacks simply
would not exist.

Thus the reasoning of the skeptics reduces itself to the
manifestly absurd conclusion that heart attacks represent no
problem, which, if true, would end our discussion at this point.
Amazingly endugh, this type of reasoning (which leads to an
absurdly impossible conclusion) did not die with its originators
many years ago; it can be found in a variety of forms in the
medical literature concerning coronary heart disease even today.

The second basis of such fallacious thinking was stated above
to have ansen out of a self-deception m the use of words. The
particular word involved is normal. When a group of persons
who have not yet had any signs of a heart attack is studied,
many investigators refer to such a group as representing “nor-
mals.” If they mean by this that such a group is representative
of the apparently healthy individnals in the population, one
could not object. However, a further copnotation has been
introduced--that if a group of persons who have not had heart
attacks are “normals,” then they must be free of any coronary
arterial narrowing. Since they are free of coronary arterial nar-
yowing, one would not expect to find any of them with high

ts of fatty substances in the blood. Thus, since some of
the “normals” do show high amounts of the fatty substances
in the blood, the false conclusion is drawn that fatty substances
in the blood cannot be related to the development of coranary
artery hardening and narowing. The error here is in the wholly
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incorrect Teasoning that “normals” ate 'ﬁee of coronary ”‘E‘;“’]
disease, It is well known that the arteries of many people & tho
have not yethad 2 heart attack are ql%ltc well :.ldw‘;r{ced in the
disease process Indeed, these are precisely the Tnf}mduﬂs with
1 high msk of future heart attacks Swmce it is 1.mpossxblc to
Laow who has €xcessive coronary artery nanowing and \\'h?
does not among those not yet having had a heart attack, it
wauld be quite impossible by nsnal exami procedures
to have ever produced 2 group of “normals” frce of coronary
artenal discase. Thus the fact that “normals” show in some
cases high amounts of fatty substances in their blood does not
argue against 2 relationship of fatty substances with the K}v:-
velopment of artenal disease; it is instead 2 very strong point
in favor of such a relahemship, In fact, if some “noymaly”
dide't show high amaunts of fatty substances in the blood, we
conld be guite sure that fatty substances in the blood are not
related to the development of coronary artery nartowing,

As with many other valid concepts, violent and unreasoned
opposiion can delay progress for years and decades, although
wltimately the concepls come forth again and are accepted for
what contribution they really make to solving a problem. This _
has very defimtely been the case in the past five to ten years
with respect to the concept of a relationship of the blood fatty

b te arterial ing Several investigators have el
ized the unsound, fallacious thinking of those who criticized
the very much earker findings and have renewed the attack
epon this whole problem vigorously and efiectively. The re-
sults of such studics have now given us 2 springboard for major
progress forward in our effort to understand the basis for the
““,I‘E::’Pmm of coronary artery narrowing and heart attacks,

<16, ate same imporfant addibional reasons why the more
Tecent approaches o 3 test of the concept of a relationship of
the blupd fatty substances with corvmaty artery natrowing have
r;}\‘:t mth. more sueeess then the earher ones, over and above
e chmination of absurd teasoning. These have to do with
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major technical break-throughs in the methodology available to
scientists for the study of the blood fatty substances. A quarter
of a century ago there did exist some techniques for the study
o.f the blood fatty substances, but what these techniques pro-
vided was simply an estimate of the total amount of certain of
the fatty substances, and even these estimates were crude be-
cause of imadequacies in method. During the ensuing years it
has become evident that there is an entirely new story concermn-
ing the blood fatty substances which has to do less with the
total amount present in the blood than it does with the actual
way in which these fatty substances are transported in the
blood stream. This may be illustrated by consideration of one
of the very prominent fatty substances of the blood, fat itself.
To the chemist, fat represents a specific type of chemical
combination and is to be differentiated from a host of sub-
stances that are regarded as fatty in character (primarily be-
cause they dissolve in such solvents as ether) but which are not
chemically defined as fat. For a long time chemists and bio-
chemists had wondered how it is that the blood of humans is
able to carry in it relatively large amounts of fat, even though
fat and the watery base of blood (the plasma) are known not
to mix well. As a result of numerous investigators’ work, it has
gradually become clear that such a substance as fat itself does
not circulate in the blood as such. Instead, the fat is hooked
up (chemically) with substances known as proteins, which are
soluble in the watery base of the blood. There are several dif-
ferent varieties of such combinations that exst in human
blood. In fact, not only are fat and protein hooked up in these
combinations, but also several other fatty substances of the
blood are united into these combnations. The blood fatty
substances are thus really combined with each other and with
protein substances to form a new class of substances’ soluble
in water.

This new class of substances is designated by the name lipo-
proteins (from lipid, which refers to fatty materials, and pro-
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i), It is important to pote that there is not j}xst one type
ﬁﬁi)po;n:stcin[;z the Blood but severat types, differing from
each other in several yespects, such as size of patticle and na-
ture of the fatty substances within then.m. Several mct.hods h:\\!e
been utilized in studging the properties of sucl\. lipoprotein
particles and in measuring how much of the_ various types is
present in the blood, One method has provided much' more
detailed and precise mformation than the others Emd is now
very widely used medically to stody the blood lipoproteins.
This method utilizes an instrument known as an ultracentri-
fuge, which is the name given to a centrifuge capable of pro-
viding tremendous speeds and hence tremendous forces as

d with ordinary fuges Fot ple, in an ultra-
centrifuge the watery base of the blood (plasma) can be put
1nto tubes that are whirled around at a speed of approimately
ane thousand times per second and in so doing produce a force
of about two hundred and ffty thonsond times the force of
gravity Under such dous forces the lipop of the
watery portion of the blood are made to migrate, and the vari-
ous types present undergo separation during the course of the
centrifugation By an ingenious system of lenses and a camera
an actual photograph can be made of this migration and sepa.
tabion of the vanous Yipoproteins From this photograph one
can tell readily ot anly which kinds of lipopratemn particles ate
present, but also how much of the various kinds is present in

+ @ particular sample of blood,

o

= The technical advances of recent years have provided us
" with a new look at the fatty substances of the blood in deman.

skt.mtir‘xg that they are actually present in the form of the com-
own as |

pop . For our problem of coronary
artery nantowing and its relabionship to the blood fatty sub-
stances, this means that there are new problems but also new
prospects The question is now not only “Do people who de.
velop excessive hardening of their coronary arteries have toa
much of the fatty substances in their blood?” But alsa, “Which
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kinds of lipaprotein combinations may be the ones that are
important in this regard?” It has been now proved that certain
of the lipoprotein combinations are abundant in the blood of
persons with excessive coronary artery namowing and certain
others are not. This finding has in great measure solved an early
concemn of some investigatoss, for it can now be explained why
the total amount of fatty substances may be relatively low in
the blood of a heart attack victim. ‘This can occur because even
though the total amount of fatty substances is not excessive,
certain parhicular ones (as lipoproteins) may still be quite
excessive and cause serious trouble.

With the refined methods now available for measuring the
blood fatty substances in the form of lipoproteins by this
method of very high speed centrifuging, the problem of study-
ing the relationship with coronary artery narmowing has been
approached in a definitive manner. There are many types of the
combinations of fatty substances with protein in the blood
which we are designating as lipoproteins. Such lipoproteins
range in size fram those which are very small particles to these
(on 2 relative basis) which are extremely large. Even the ex:
tremely large ones are much too small to be scen by the naked
eye, or even the eye aided by a powerful light microscope. It
has been possible to see these various particles in the past few
years by the use of a microscope more powerful than any which
utilizes light. The supermicroscope is known as an electron
miczoscope; with it onc can take photographs of the lipopro-
teins (see Figures 1a through 1c). However, taking pictures of
the various hipoprotein particles ts a more difficult way to meas-
ure them than is the procedure of very high speed centrifuging.
1t turns out, from careful analysis, that only four major groups
of lipoprotein, particles arc more abundant in the blood of per-
sons with coronary heart disease, whereas several other lipo-
protein particles do not appear in any way to be associated with

heart attacks.



Figure 1

ELECTRON-MICROSCOPE PICTURES OF THE LIPOPROTEINS
OF HUMAN BLOOD
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TheSs 0~ 12¢lass
TheS, 12- 20 class
The 8. 20100 class
The Se 100-400 class

Fach of these lipoprotein classes is important, therefore, be-
cause of its relationship to excessive hardening of the coronary
arteries and to heart attacks. It has been found that the higher
amount of lipeproteins in the blood of heart attack sufferers
is not uniform for all the cases. Thus one heart attack sufferer
may show excessive amounts of the S, 0-12 lipoproteins as
compared with “normal” people, but no excessive amount of
S, 12-20, §; 20-100, or S, 100-400 hipoproteins. Another heart
attack sufferer may show excessive amounts of S, 20-100 lipo-
proteins, but no excessive amount of S, 0-12, S, 12-20, ot §;
100-400 lipoproteins. Still others may show some combination
of the four lipoprotcin groups excessive in amount. The crucial
point is that, on the average, all four of these groups of lipo-
proteins are excessive m amount in the blood of persons who
are developing excessive coronary artery hardening and whe
hence suffer more frequent heart attacks. For purposes of under-
standing what is the root of a particular person’s difficulty, it is
essential to know which of the classes of hipoprotens is high in
amount. But for other purposes of rating a person with respect
to the overall picture, a value is needed which combines all
the four important classes of lipoproteins.

Such a value has been developed and has been called The
Atherogenic Index value, because of its relationship with the
hardening process (atherosclerosis} that goes ou in the coro-
nary asteries. Thus, while one person may have primanly the
S, 0-12 lipoproteins excessive, he may still have the same com-
bined value, or Atherogeme Index value, as another person who
has primarily S, 20-100 lipaproteins in excessive amount. WVith
respect to heart attacks and coronary artery hardening, the
expectation would be that two people of the same age having
the same Atherogeme Index value would rate equally, no mat-
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ter whith lipoprotein classes made the Atherogenic Indq value
high. But 15.)\5 one would try to prevent hmﬂ: attacks in two
such persons would depend upon which partx.culzx classes of
lipaproteins were present in excessive amounts in the blood.

The way in which it was first conclusively proved lh.:t the
Atherogenic Index value was higher in persons developing ex-
etsove hardening of the coronary ateries s of interest and
importance. We know that persons who have survived a heart
attack do have, on the average, a greater extent of hardening
and narowing of their coronary arteries than persons other-
wise comparable (in age, sex) who have never knowingly ex-
perienced heart disease. If high values of the lipoproteins and
Atherogene Index value are related to the fatty deposition and
coronary artery hardemng, 1t would be expected that 2 higher
average value would be observed in the blood of the heart
attack survivors. This was precisely what was found in a con-
clusive wayl

For this study, the blood of over fve hundred persons whe
were survivors of 3 proved heart attack was examined for con-
tent of the vanous lipoproteins, utifizng the very high speed
centnfuges For comparison, the blood of several thousand
persons of the same age and sex groups who had no known
heart disease was similardly examined. 1t was found that the
average amount of each of the four classes of lipoproteins (S,
0-12, S, 12-20, S, 20-100, S, 100-400) and the combined
value~the Atherogenic Index—were strikingly higher in the

hca‘r't attack survivors than 10 the group of what we refer to
as “control” subjects. The Atherogenic Index values (which
gives the total rating from the individual lipoprotein measure-
ments) for both groups are given as follows:

Atherogenic Tndex valu

e in 522 heart attack survivors = X
Atherogeme Index value in 5000 control subjects = 3; ::::E
Dhfference
A question

16 umis
ly ask th ) i

[
5
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TheS: 0- 12class
The Se 12- 20 class
The S¢ 20-100 class
The S 100-400 class

Each of these lipoprotein classes is important, therefore, be

cause of its relationship to excessive hardening of the coronary
arteries and to heart attacks. It has been found that the higher
amount of lipoproteins in the blood of heart attack sufferers
is not uriform for all the cases. Thus one heart attack sufferer
may show excessive amounts of the S, 0-12 lipoproteins as
compared with “normal” people, but no excessive amount of
S¢ 12-20, S, 20-100, or S; 100~400 lipoproteins. Another heart
attack sufferer may show excessive amounts of S, 20-100 lipo-
proteins, but no excessive amount of S, 0-12, S, 12-20, or §
100-400 lipoproteins. Still others may show some combination
of the four lipoprotein groups excessive in amount. The crucial
point is that, on the average, 2l four of these groups of lipo-
proteins are excessive in amount in the blood of persons who
are developing excessive coronary artery hardening and who
hence suffer more frequent heart attacks. For purposes of under-
standing what is the root of a particular person’s difficulty, it is
essential to know which of the classes of lipoprotems is high in
amount. But for other purposes of rating a person with respect
to the overall picture, a value is needed which combines all
the four important classes of lipoproteins.

Such a value has been developed and has been called The
Atherogenic Index value, because of its relationship with the
hardeming process (atherosclerosis) that goes on in the coro-
nary arteries. Thus, while one person may have primarily the
S, 0-12 lipoprotems excessive, he may still have the same com-
bined value, or Atherogenic Index value, as another person who
has primarily S, 20-100 lipoproteins in excessive amount. With
respect to heart attacks and coronary artery hardening, the
expectation would be that two people of the same age having
the same Atherogenic Index value would rate equally, no mat-
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iy at the amount of certain lipoproteins, and
3\‘:“ dyj‘m:v:al‘:e, the Atherogenic Index, which summarizes
the amount of all the important lipoprotein classes, Is d|s'hn0ﬂy
higher m the heart attack victims, on the average, than in per-
soms, otherw} parable, without evid of heart disease.
Since the heart attack victims have more coronary artery fatty
deposits and more coronary narrowing than the other group,
the obsenved findings have been taken to support the concept
that high values of the Atherogenic Index are closely related to
excessive deposits of fatty substances in the arteries and to the
coronaty artery namowing of which fatty deposits represent a
art.

i No one could now seriously contest the finding of higher
Atherogenic Index values in the blood of heart attack vietims
than m the blood of those without heart attacks He conld
Justifiably state that this finding does not prove that the fatty
depositions and coronary artery marrowing are actually caused
by the hipoproteins of the blood, even though this is indeed
very plausible. But 15 it necessary at this point to debate the
i ble q of cause and effect? In the
opinion of the author, the answer is definitely “No.” A set of
vald observations concerming coronaty artery hardening and
heart attacks has been made. The observations themselves are
beyond question or tequirement of any further “proot” To
insist on nterpreting the observations on a cause-and-efect
basis would be folly, for the observations by themselves cannot
possibly allow for answenng the cause-and-effect question. The
?\’!.Sfandfﬁect question cannot possibly be resolved without

e mpun Wie guservations themselves to further our undes-
standing of heart attacks, It is an interesting fact that while
suspicions of a posaible cause-and-effect relationship led to the
study of the blood lipoproteins, once the observations have
been made it is of no moment what Yed to

the discovery.
\R.Esm‘nmmn‘ =y FTAT AN
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such findings is “Could this difference in Atherogenic Index
value have arisen purely by chance selection of a particular
group of hemt attack victims or a particwlar group of control
subjects?” There exist quite formal methods for testing this
possibility. If one finds that the observed difference could have
arisen by chance sampling of the populations studied more
than once in a hundred times, one is inclined to be uncon-
vinced that the findings are definitive enough. However, if
this chance is less than one in a hundred, the findings are re-
garded as acceptable enough to go forward with other aspects
of the problem. In the case of the elevation of the Atherogenic
Index value observed in the heart attack victims, the calculs-
tions show that the chance of this observed elevation having
arisen merely by sampling is less than one in a million, This
chance, then, is so remote that for all practical purposes we
are justified in considering the findings as virtually certain For
biological and medical purposes we would go ahead in almost
any field with far Jess assurance than these observations provide.

We may now review the status of our knowledge with re-
spect to this aspect of coronary artery hardening and heart
attacks, before considering the vast ramifications of the findings
with respect to prediction and prevention of heart attacks.
Early observations had shown that the narrowed, diseased coro-
nary artery contained depositions of Several fatty matedals.
These fatty matenals must come from somewhere; recognizing
this, investigators suggested the possibility that the blood
which constantly bathes the cotonary artery walls might be the
source of such fatty materials. To test the concept that exces-
sive amounts of the fatty substances n the blood might be the
basis for deposition of fatty materials in the arterial wall, 2
quantitative comparison has been made of the amount of cer-
tain fatty substances in the blood in heart attack victims and
persons who have not had a heart attack. When measured in
the form of lipoproteins, which represent the true form in
which the blood fatty substances cirenlate, it has been con-
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CHAPTER 4

Why Heart Attacks Occur More
Frequently as Age Increases

The relationship of i

p ing age ( d chronologically)
vath increasing severity of coronary artery narrowing and in-
creasing frequency of occurrence of heart attacks was alluded to
exthier as one of the major clues to follow up in our efforts to
understand coronary heart disease, It is also important to re-
emphasize that the superficial approach to the consideration of
the factor of age led to the erroneous concept that coronary
artery narrowing and heart attacks were nevitable accompani-
ments of growing old. The inevitability concept is dealt a crush-
ing blaw by the ssmple observations, recorded over and over, that
coronary attery narrowing and heart attacks can and do occut in
young indviduals, even in their bwenties and thirties, with what
may be regarded as alarming frequency and that coronary artery
narrowing of significant degree can be singularly absent in cer-
tawm persons who ate octogenanans The problem at hand is that
of reconailing an average trend (and 2 most important one) of
increasing coronary disease with increasing age with a very large
number of exceptions to the average trend
Itys cyident that at least onc other factor must be considered
-’;{:‘g wg!h age if the apparent discrepancies are to be resolved,
olution of these discrepancies may be expected to enhance

3
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‘Whatever may ultimately turn out to be the sequence of
events that leads to coronary artery fatty deposition and to
coronary artery narrowing. the observations will still stand
solidly to show that persons with heart attacks, whom we know
to have excessive coronary artery narrowing, have a higher aver-
age blood Atherogenic Index value than do persons without
a heart attack, whom we know to have a lesser extent of coro-
nary artery fatty deposition and narrowing. Where will this
observation take us with respect to our problem of understanding
the natuse of coronary artery hardening and heart attacks? Let
us return to the quest described earlier in this chapter~that of
seeking out a possible common denominator which might bring
together several apparently diverse but definite clues concern-
ing heart attacks.

There is now available a measurable quantity, the Athero-
genic Index value, which, through the study of heart attack
victims, has been shown to be very definitely related to heart
attacks in some way. Can the amount of blood lipoproteins
expressed as the Atherogenic Index value possibly be the
sought-for common denominator which will enable the mesh-
ing together of the various clues available that pertamn to coro-
nary heart attacks? The remamder of this book will show that
this question can be answered in the affirmatwve, for by bring
ing the lipoprotein part of the picture into consideration it has
now become possible to see the outhnes of an integrated un-
derstanding of the problem of coronary actery hardening and
heart attacks. To date, no inconsistencies have become appar-
ent mn the integrated concept of heart attacks which has
evolved. In the remaining chapters this concept will be de-
veloped in detail, with the vanious clues being brought together,
and consideration will be given to the implications of the
overall concept for the medical effort to reduce the high mor-

, tality caused by heart attacks.
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which it obviously is, but is not the only factor, which it just as
cbvinusly camnot be, how can the findings in the young an_d
the old individual be reconciled? Some investigators of this
problem have taken what may be regarded as a simple but
certamly superficial way out of the dilemma. They have said
in essence that since age is a major factor in the disease, but
that certain people develop the disease at an eatly age, say
twenty-five years, the answer must be that we are dealing with
at least two different disease processes. The one disease, they
would argue, occurs in young pezsons, and the other oceurs in
people well along in years If one were to follow such logic
through to its ulimate conclusion, one would require not just
two diseases but actually quite 2 number, for we might just as
well say that the heart attack in twenty-five-yearolds is a dif-
ferent disease from that in thusty-five-year-olds, the heart attack
m thirty-five-yearolds is different from that in forty-five-year-
olds, and $0 on up to age one hundred. While this approach
might satisfy a worker in the field that he has removed a di-
lemma by this convenient renaming of one disease as seven ot

ten diseases, this neither gets the prablem nearer solution nor is
this answer even ] i

y with the observed and
known tacts about coronary astery narrowing and heart attacks.

In terms of the general chnical picture, including the signs,
the symptoms, and the life or death of the patient, heart
attacls are closely similar processes at age twenty and at age
suty. Every feature could not possibly be expected to be pre-
cisely 1dentical, since twenty-yearolds do differ as people in
some ways, at least, from sixty-year-olds. Furthermore, the im-
portant feature to consider 1s whether or not the underlying
process of coronary arterial narrowing is really different in pe:

sons having a heart attack at different ag,
es. Such
been performed by patholog B s b o

t gists examining artenes from per.
;t::ls fwhu Tave died of heart attacks at the age of twenky—%vc
md smth ﬁ"mse who have died of heart attacks in their sixties

eventies. These studics, in published form in scientific
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greatly the understanding of the over-all heart disease process,
Let us list the pertinent observations that can be regarded as
solidly based and then consider whether the discrepancies can
_be resolved by bringing in the possible common denominator

* described in the previous chapter, namely, the amount of cer.
tain lipoproteins (fatty materials in combination with pro-
teins) in the blood:

1. Heart attacks due to narrowing of the coronary arteries are very
re in children, but they can and do occur in childres, esper
cially in certain families,

. Coronary artery nartowang becomes more marked, on the aver-
age, with increasing age at least to the age of eighty years,
starting with a neghgible degree in childhood. Howevet, at any
age, some people show marked coronary artery namowing and
fatty deposition, others show an intermediate amount, and still
aothers show almost none of the disease.

3. The occurrence mte of heart attacks in the population goes
up steadhly with the passage of each decade of life, although of
course many persons get to the age of seventy or eighty with
no obvious evidence of symptoms or signs of heart disease.
These facts are best shown from compilations (for men} of
the National Office of Vital Statastics:

N

Fatal heart attack rate

Age groups expsessed in deaths per year

0--20 years Less than 25 per 100,000 persons
20-29 years Less than 25 per 100,000 persons
3039 years : 50 per 100,000 persons
40-49 years 150 per 100,000 persons
5059 years 610 per 100,000 persons
6089 years 1210 per 100,000 persons
70-79 years 2500 per 106,000 pessons

The rate of rise of occurrence of fatal heart attacks with
increasing age is phenomenal, amounting to a hundredfold
increase when we compare seventy-fiveyearold men with
twenty-five-yearold men. Yet we know that twenty-five-year-old
men do indeed have heart attacks, and that many seventy-
five-year-old men escape them. If age is a factor of importance,

‘
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others with a moderate degree of nartowing, a!ad some 'thh a
very marked degree of narrowing. Age of t.he entire group is forty
years. and hence cannot be the explanation for the varying de-
grees of coronary artery narrowing found. .

The superficial explanation of the dﬂemma.\vxth respect to
the age findings—that at each age coronary disease and heart
attacks represent a new type of entity—can be IE]tCth: T}_‘c
finding that the average degree of coronary artery namowing in
heart attack victims is approximately the same, regardless of
age, is crucial

What might the factor be that, taken into account together
with the age factor, will make sense out of all the observations
available to us? What properties must such a factor have in
order to make the parts of this puzzle 6t together? Such a
factor must help explam why there is more coronary artery
nastowing with sacreasing age, on the average, in the popula
tion, and hence a greater occumrence rate of heart attacks with
wereasing age. It must help explain how at any age, for ex-
ample, twenty-five years, some persons can have enough coro-

nary artenal narrowing to lead them to a fatal heart attack,
[ DUSURR R | . . .. <.

L messs an vuncuua Wikl LG WOULG Teet at least
some of the requitements. Thus, if coronary artery narrowing
15 regarded as an accumulative process over time, it would be
expected that a gven factor operating over ten years might
produce twice as much narrowing of the coronary arteries as
that same factor would produce operating over five years. Such
Teasomng could be extended fram the penod of bitth to one
hundred years of age, with the expected result that, for a given
Tevel of this factor, there would be a progressive increase in the
nerage .d&‘grce of coomry artery nartowing with increasing
age. This is precisely what is observed in a human population
such as that of the United States,

Secondly, if such a factor were considered to operate in con-
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journals, have indicated conclusively that there is approximately
the same degree of coronary artery narrowing in the averge
person who suffers a heart attack at age thirty as there is in the
average person who suffers a heart attack at age sixty or seventy.

Here, then, is a strong unifying feature of the disease entity
that Jeads to heart attacks at any age—an essentially equivalent
degree of coronary arterial narrowing. This finding is not an
unexpected one, For if, as all the previous evidence has pointed
to strongly, coronary artery narrowing is the major underlying
process that leads to the occurrence of heart attacks, the logical
expectation would be that, regardless of age, the average degree
of coronary artery narrowing would be the same in various
groups experiencing heart attacks. This finding argues strongly
against the superficial approach of considering that coronary
heart disease is a wholly different disease in the young than it
is in the old, or a different disease decade by decade in bfe. The
cevidence clearly suggests that we are dealing with a single dis-
ease entity at all ages and that the crucial feature s that heart
attacks become highly Iikely when the degree of coronary artery
narrowing becomes sufficient.

It is possible to state with conviction based upon evidence
that increasing age does mexease the frequency of occurrence of
heart attacks and the degree of coronary artery narrowing.
Further, the average degree of coronary arterial nasowing is
essentially the same in persons having a heart attack at any age.
1t therefore appears inescapable that the problem at hand is to
understand how it happens that some young persons, in the
twenties for example, can have developed sufficient coronary
arterial narrowing to lead to a heart attack. Quite evidently age
alone cannot be the reason why a marked degree of coronary
artery narrowing has occurred in a twenty-year-old man. One
wauld have been led to this same statement of the problem
had consideration been direeted toward answering the question
of why, at any age (for example, forty years), we are able to
find some persons with almost no coronary artery narrowing,
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of the Blood lipoproteins by the high speed centrifuge tech-
nique are now avallable for many thousands Of. persons at
practically 21l ages and for both sexes, for those in a state of
apparent health and for those with a variety of d}seass, espe-
cially for coronary heart disease. In the considerations t!lat fol-
low immeduately only the male sex will be discussed, since an
entire chapter will be devoted to the problem of the difference
in coronary heart disease between men and women.

The test of the concept that the sought-for factor might be
the amount of the blood Yipoproteins can be started with a
consideration of the persons who have survived one or more
heart attacks The blood lipoproteins have heen measured in
groups of men who have had heart attacks between the ages of
thirty and thirty-nine years, as well as those who have had heart
attacks between the ages of forty and forty-nine, between fifty
and ffty-mne, between sixty and sixty-nine, and between
seventy and seventy-nine years. Presented below are the directly
measured Atherogenic Index values in the heart attack sur-
vwvors at each of these age wtervals:

Age group of heart
attack sunnors Atherogenic Index value
30-39 years 110 3 nmty
40-49 years 98.3 gty
50-59 years 910 umits
60-69 yeary 87 2 units
70-79 years

80.7 umits
It is to be noted that the highest average Atherogenic Index
value is found in the youngest group of heart attack survivors
and the lqwcst wn the oldest group. This finding is precisely in
the direction we should expect, if coronary artery narrowing is
related to Atherogenic Index multiphed by time. Heart attack
V\chn;s 2t any age are characterized by essentially similar, se-
;3: !c!gtccs of cotonary arterial 5. fore, it would
vm:“ ?:’:t‘ad }:hat the average thirty-five-year-old heart attack
ey t: . ave mqlm:d. a higher Atherogenic Index value
¢ development in & span of thirty-five years of the
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junction with time, it would readily be understandable that a
high Jevel of the factor could produce in twenty-five years of
life as much coronary artery narrowing as is produced in
seventyfive years if the same factor operated at one-third as
high a level. This concept would lead to a very simple first
approximation for the development of coronary artery narmow-
ing, expressed as the following elementary equation:

Coronaty artery narrowing = some factor multiplied by time.

1t follows alse that such a factor could not be at exactly the
same level in a sample group of pessons out of the population
who are all at the same age. Since at thirty-five years of age
same persons have a severe degree of coronary artery narrow-
ing and others have little or no narrowing, it would have to be
true that some persons have a high level of this particular
factor operating whereas others have a vety low level.

So much for the hypothetical properties which such a factor
would have to have in order to explain the various observa-
tional features of coronary artery narrowing and heart attacks.
Our attention must be tumed now to the fact that a facter
with precisely the sought-for properties does exist in the human
population and it can be measured quantitativelyt In the previ-
ous chapter conclusive evidence was developed that implicated
this particular factor in coronary artery narrowing and in heart
attacks, although no claim was made or need be made for a
cavse-and-effect relationship. This factor is represented by the
lipoproteins of the blood which have been shown to be in high
amounts in heart attack victims compared with those who have
not yet had a heart attack.

If the amount of important lipoproteins, expressed as the
Atherogenic Index value, 15 indeed the sought-for factor that
exphins the age differences with respect to coronary artery
narrowing and heart attacks, measurements of the blood lipo-
proteins in the population should reveal trends which prove
that the criteria set up for such a tactor are met. Measusements
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of the blood lipoproteins by the high speed centrifuge tech-
nique are mow available for many thousands of persons at
practically all ages and for both sexes, fo.r those in a state of
apparent health and for those with a variety of d.\sass, espe-
cially for coronary heart disease. In the cnnsxd'exaunns that fol-
Tow immediately only the male sex will be discussed, since an
entire chapter wll be devoted to the problem of the difference
m coronary heart disease between men and women.

The test of the concept that the sought-for factor might be
the amount of the blood lipoproteins can be started with a
consideration of the persons who have survived one or more
heart attacks. The blood lipop have been d in
groups of men who have had heart attacks between the ages of
thurty and thirty-nine years, as well as those who have had heart
attacks between the ages of forty and forty-nine, between ffty
and fiftymne, between sixty and sixtynine, and between
seventy and seventy-nine yeats. Presented below are the directly

measured Atherogenic Index values in the heart attack sur-
wivors at each of these age intervals:

Age group of heart
attack survvors Atherogenic Index value
3039 years 110.3 units
4049 years 983 unts
é%:?g years ‘él Qumts
ears
079 §=n 2o

807 uruts
It1sto be noted that the highest average Atherogenic Index
valae 15 found in the youngest group of heart attack survivors

and the lowest in the oldest group. This find; isely 3
the ditection we should i coronaty ing 15 precicly in

expect, if coronary arty ing i
wlated to Atherogenic Index multiphed l:yy tineg Ix:;;?t“;:‘tgac];
victims at any age are characterized by essentially similar, se-
vere dqgrecs of coronary arterial narrowing, Therefore, it w;uld
b.c c:;\hc:p;xh:d that the average thirty-five-year-old h&:ﬂt attack
\‘n {‘n wauld have required 2 higher Atherogenic Index value
© allow the development in a span of thirty.five years of the
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same approximate degree of coronary arterial narrowing as oc-
curs with a lower Atherogenic Index value in the span of
seventy-five years for the seventy-five-year-old heart attack vie-
tim. Similar considerations apply for the intervening age groups.
Thus the study of heart attack survivors provides an fmportant
substantiation of the concept that coronary artery namowing
may be related to the Atherogenic Index value multiplied by
time. It further is cvident that this concept removes any ne-
cessity for consideration of coronary heart disease as a different
disease at each age span in which it ocours. Indeed, there was
never any valid evidence that it is a different disease at different
ages. Previously certain difficulties and apparent inconsistencies
were manifest in considering the whole group, so that consider-
ing the disease a different one at diffcrent ages provided an
escape or a substitute for real understanding,

This, however, is not the only test of validity that the con-
cept that coronary narrowing is related to Atherogenic Index
multiplied by time must pass. There is the observation that in
the population at large at a specified age (for example, thirty
years), some men are almost free of coronary artery narrowing
wheress others have moderate advancement of the disease proc-
ess, and still others have a severe degree of coronary artery
natrowing This would requite, for the population at large, in
groups of thirty-year-old men that there be some persons with
very low Atherogenic Index values, others with moderate
values. and some with very high values. Otherwise no explanz-
tion would be available for the range of observed involvement
of the coronary artenes with the narrowing disease, Since the
values for the Atherogenic Index are available for representative
United States population samples, 1 direct chieck can be made
of this point. Tabulated below are the Atherogenic Index
-values as they are actually distributed in representative samples
of the male population for the age groups twenty fo thirty-nine
years through sixty to sixty-nine years. The tabulations are ar-
ranged by dividing the entire population sample in each age
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i i t with the lowest
oup into ten categories, from the 10 per cen! >
ilhgrogeuic Tndex values up to the 10 per cent with the
highest Atherogenic Index values.

‘Tabulation of ranges of A ic Index values in healthy men
of several age groups
0to30 40t4) 50t05Y Ot
Population Subgroup Zt;l;’? \ ;x ¥ et Yo
Ranges of Athetogeme Index Values (in umts)

vest 10 $1036 23104} 231043 351043 Wiods
le:ond lﬂ;: 37to4l 41to49 491035 491058  46to5S
Third 10% 421046 50to55 S6to6l S59to62 561058
Foorth 10, 471051 S6to€l 6l1067 63talS S9te3
Fifth 10% 52to56 6lto66 63to73 67070  6Eito68
Sixth 10%, 57t060 67t070 Tite78 7107 Hto76
Seventh 107, 611067 71to77 79to87 80to85 T7to82
Eghth 107, 63t074 781086 831096 86091 Bltob7
Nmth 10%, o 86

75 87t097 97t0108 9Zto102 83t098
Highest 10% $7t0163 98to191 109t0 226 10310207 99t0 200

1

pection of these tabulated values reveals immediately that
at any age there exists a very large difference in Atherogenic
Index values for the highest 10 per cent of the men studied as
compared with those for the lowest 10 per cent. There is ap-
proximately ten times as high an average Atherogenic Index
value in the highest 10 per cent as in the lowest 10 per cent.
Furthermore, from follow-up studies made on hundreds of men
for as long as five years each, 1t appears that those individuals
in the Jowest 10 per cent of their age groups with respect to
Atherogenic Index value tend to remain in the lowest 10 per
cent, those in the middie 10 per cent tend to remain there, and
those in the upper 10 per cent tend to temain in the upper
10 per cent. Thus, as a first approximation, supported by these

follow-up studies, one can say that in adult life the
highin Athemge;ﬁc Index at one 3| Tigh at

ge are by and large high at
it
:t :‘%?é ;‘d the persons low at one age are by and large low
All these facts may now be consid, i
x: ered with respect to coro-
Tty artery narrowing and the concept that its yl:'ogressiun’ is
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measured by the Atherogenic Index multiplied by time. At any
particular age (see the table above) there is a wide range of
Atherogenic Index values. Therefore, since Atherogenic Index
multiplied by time appears to be the important factar, one
would anticipate that within an age group there would be a
wide corresponding range of the degree or severity of coronary
artery disease in the form of arterial narrowing. Since the per-
sons with low Atherogenic Index values tend to remain low
and the persons with high values to remain high, this expecta-
ton of a wide range of coronary artery nasrowing would hold
at a particular age, no matter whether we consider twenty- to
twenty-nine-year-old men, forty- to forty-nine-year-old men, or
sixty- to sixty-nine-year-old men. This is exactly what is to be
found in the coronary arteries of men in the population. Based
upon examination of such arteries, pathologists have shown
that at each of the above-mentioned ages a wide range of de-
gree of coronary artery hardening and narrowing is to be found.
The concept—that coronary arterial namrowing  increases
in proportion to the blood lipoproteins (expressed as the
Atherogenic Index value) and to the time over which such
lipoproteins have existed~has actually been tested in a muchi
more rigotous way than the semiquantitative manner above.
Based upon the lipeprotein and Atherogenic Index values to be
found in the population of men at each age up to seventy years
of age, and multiplying each Atherogenic Index value by the
length of time in years that such a value has existed, 1t is pos-
sible to construct a table which will predict the average degree
of coronary astery narrowing that should exist in the population
of United States men at each age up to the age of seventy.
“This can be compared with actual measurements of the average
degree of coronary artery narrowing observed by pathologists
in the study of representative material obtained, for example,
from individuals who had died of accidental causes. The pre-
dicted and the observed degree of coronary arterial narrowing
are presented side by side below for comparison: -
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Observed degres of
ooy Ao coronzy itnal
. drsease disease:
Men, age group 0z
20-29 years 0z 0.33
030 Jems 029
pais T 3
?&é@’f,:s?‘ 083 080

The general agreement between the predicted average degree
of coronary disease and the observed average degree can be re-
garded as ‘excellent and as strongly supportive of \.he concept
that arterial namowing does proceed in proportion to the
Atherogenic Tndex value and to the time over which such
vales exst. No doubt there will have to be certain refinements
of this concept 10 its present extremely simple form, but it ap-
pears quite clear that the basic features and the major outlines
of the concept are in good agreement with what is actually
observed with respect to coronary artery disease

‘What about the heart attack rate increasing with increasing
age? Can this also be predicted from the concept of coronary
artery disease proceeding in proportion to the Atherogenic
Index value and to time over which it exists? Qualitatively, it
18 diately app that an ing heart attack rate
would be predicted with increasing age from this concept. We
know that the chance of a heart attack increases a5 the degree
of coronary artery narrowing increases, The concept of the rela-
tonship of lipoproteins and time with cowonary attery
narrowing leads to a prediction of a greater average degres of
coronary narrowing and a greater prapartion of the population
having bigh degrees of arterial narawing with increasing age.
The expectation would therefore be an increased heast attack
rate \.n‘lh ing age, 4s is ob: d. O ively, the in-
creasing frequency of heart attacks with increasing age is also
preductable h‘om tbgs cancept caucerning lipoproteins operat-
103 overa period of time, The details of such predi

0 ¢ etions and hos
they are arrived at are presented in Chapter 9, “Prediction of thz
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Risk of Future Heart Attacks,” but the results of those methods
can be presented here for consideration of the age problem.

Through the concept of a relationship of heart attacks (and
coronasy narrowing) to lipoprotein levels in the blood and the
duration of time oyer which they operate, it is possible to
estimate how much more likely forty-five-year-old men are to
hiave a heart attack than thirty-five-year-old men, and similarly
how much more Yikely fifty-five-year-old men are than forty-five-
year-old men, and sixty-five-year-old men than fifty-fiveyear
olds. These predictions can be compared with vital statistics
such as those listed earlier in this chapter (page 34). The pre-
dictions and the observed ratios from vital statistics are given
side by side below:

Predicted from
Tipoproteins Actually
{or Atherogeme Index measured from
values) vita] statustics
Heart attack rate, 45-year-old men com- 3.0 tumes 3.6 hmes
pared with 353car-0ld mea
Heart attack rate, 55-year-old men com- 9.0 tunes 122 bmes
pared with 35-year-old men
Heart attack rate, 65-yearcld men com- 24.0 imes 24.2 times

pared with 353 earold men

1t is seen from these tabulations that, quantitatively as well
as qualitatively, the concept that amount of lipoproteins in the
blood operating over time 15 crucial for coronary disease i in
accord with the known facts conceming the age trends in this
disease.

In summary, it appears that chronological age is a major
factor in the development of coronary artery narrowing and in
increasing the risk of occurrence of heart attacks. However, age
does not operate by itself; 1t is important, rather, as a measare
of the time that there has existed an elevated amaunt of lipo-
proteins in the blood—and lipoproteins were shown concly-
sively in the previous chapter to be assocrated with coronary
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artery natcowing and heart attacks, When age is m“S'dc{ed““
this light the apparent paradores of certain persons developing
heart attacks early in life and others avoiding them even at
eighty years of age are readily resolved. Further, it becomes
possible to view coronary heart discase 25 a single entity inde-
pendent of age, for the contradictions encoume.xed by con-
sideration of age alone disappear when age is cunsadefcd as the
time over which lipoprotein levels have operated. This concept
that lipoprotein levels {expressed in the Ath Index
values) multiphed by time give us a measure of the extent of
development of coronary artery narrowing {which in tum sets
the stage for heart attacks) has certain jmpications for our
overall outlook with respect to prospects for prevention of the
disease. While this will be considered in detail later, it is
worth while anticipating that discussion now. 1f high Yipopro-
tein levels operating over ten years will produce roughly twice
as much coronary artery narrowing as the same levels operat-
g aver five years, the significant approach to prevention will
almost certainly come by intercepting this process as early as
possible. By wl hanism high lipoprotein levels come
1o be d with the develop of cotonary artery nar-
towing, it would be important early m life to prevent this
mechanism from continuing to operate because once the
wechamsm has operated for a long penod of years, the coro-
nary arteries will, on the average, be considerably narrowed and
the nsk of a heart attack high. Even if after this Tong period
of years the process could be interrupted or decreased in ine
tensity, the damage already done might be in large measurg
wreversible (although this needs to be determined). The pros-
pect of prevention of heart attacks would appeat to lie in
ecogmiaing those individuals who have high levels of the jm-
postant lipoproters easly in Jife and, once having recogaized

them, Yo bry to interrupt the foh 15

4 acess whereby high lipo) i
fevels become assoc r Pr | Bh lipoprotein
Toving, sociated stk excessive coronary artery nar
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The concept that coronary artery narowing is an accomuls-
tive process proceeding in proportion to the Atherogenic Index
value and to the time over which it is present further suggests
that even if the rate at which coronary artery narrowing occurs
is slowed down, heart attacks may still ecur but at a much later
period in life than they now do. While, therefore, the prospect
may be that heart attacks will stili occur, it is doubtful that
anyone would deny that progress had been made if those who
now develop the disease at forty-five years of age were to do 5o
at seventy-five years of age instead.



CHAPTER 3

Why Men Are More Likely to Have
Heart Attacks than Women

One of the most striking featuses of coronary heart attacls is
the much greater mcxdence of such attacks in men than in
womnen, especially below the age of sixty five years Indeed, so
endent 13 ﬂus difference, espemally in the agc gioups under
ffty, that p tans view with sl
coronary heart attacks in young somen, Comments have se-
peatedly been made that 1n this regard the male sex is indeed
the “weaket sex’” and that males must be considered fragile be-
cause of their inordinate suscephibility to this major killer, coro-
nary heat disease. The comparatve heart attack ates ave
available from the published United States vital statistics for
men and women, reproduced in the following table.

Fatal heart attack rate in United States

(mumber of persons per 100,000 per year)
Age group

= Mea ‘Women

9 yeary 49 per 100,000 11 per 100,000

gE ke e
o 191 per 1

§0-69 years 1211;5100 000 b 100000

535 per 100,000
“‘It is mdxly mdent fmm mspechon of this table ﬂm» in thoic
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proximately a two-to-one risk. Thereatter the two sexes ap-
proach closer and closer to equal incidence of heart attacks. In
the late seventies the disease is not far from equal in the two
sexes. Such evidence represents a most dramatic set of num-
bers, showing the enormously greater susceptibility of young
men than young women to heart attacks and the lessening of
the difference between the sexes with increasing age. These
are straightforward observations based upon what has been hap-
pening in the Umited States in this century. No proof beyond
the vital statistics is required to confirm this male-female dif-
ference. Since this difference is a glaring fact, there can be no
choice but to reckon with it in any concept or theory con-
cerning the nature and origin of heart attacks. Any concept
that neglects this set of facts passes up a cmcial clue in the
entire picture of what heart disease is really like. Any theory
or concept of heart attacks which is in conflict with the well
established observations concerning the differences in attack
rates between men and women simply must be incorrect.
‘What of this clue concerning the sex difference? How does it
fit, if at all, with all the other information at our disposal? Is
there 2 common denominator linkang this vital part of the evi-
dence with the other parts? In the hght of information developed
in the past decade, the last question can be answered in the af-
firmative! A priori, one could reason that any of a multitude of
differences that are known to exist between men and women
might be at the root of the abserved differences in heart attack
rate. But to consider as a first possibility that some factor is
important, wholly separate from the possible common denom-
inators, is a backward way to approach a problem such as this.
In the previous chapters it was demonstrated that we do now
know a major factor that is related to the development of heatt
attacks and to narrowing of the coronary arteries by hardening.
That 15 the amount in the blood of an individual of the fatty
materials desgnated as lipoprotens (see page 24). High
Jevels of these lipoproteins in the blood (expressed as the
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ogenic Index value) are ted with an acceferat
gfth lf:e fate of hardening gf the arteries. Hence, when the lev:els
have been high over a penod of years, narrowing f’f the arteries
by the hardening process is excessive and l!xe risk t?f a.ht::nt
attack is Ingh. This factor, the amount of l\puptPKmns in the
blood, has alteady been proved to be important with respect to
heart attacks Can this factor be the common denominator
which also explans the difference in heart attack rates between
men and women, or must we Jook for some additional factor or
factors? A
This question has been exarmmed earefully and in quanti-
tatwe terms, with the result that essentially all of the observa-
tions of the heart attack susceptibihty in men as compared with
women can be explained from the Ath Index values.
To understand the evidence that has been brought to bear
upon this problem, it 15 necessary to know the Atheragemc
Index values for men and women at various ages. Such
are now available for many tt ds of healthy
men and women 1n every age decade for several major regrons
of the United States Furst, 1t can be stated that there are only
tavial geographic differences, 1f any, for the average man or
woman in the western part of the United States as compared
with someone of the same age in the central or eastern part of
the Umted States. Not only is the average value for men and
women of each age known, but at every age the range of values
is known, Let us recall that two facts are solidly established
about heart attacks in men and women:

L. A large difference in susceptibility to heart attacks exists
for young adults, the males being much more susceptible than
the females. :

2, i i i
With increasing age, the susceptibility to heart attacks

es increasingly more even between the sexes, so th
the seventies the susceptibilit > el

e seve y is nearly the same in women as
What would have to e the general pattern of lipoprotein
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proximately a two-to-one risk. Thereafter the two sexes ap-
proach closer and closer to equal incidence of heart attacks. In
the late seventies the disease is not far from equal in the two
sexes. Such evidence represents a most dramatic set of num-
bers, showing the enormously greater susceptibility of young
men than young women to heart attacks and the lessening of
the difference between the sexes with increasing age. These
are straightforward observations based upon what has been hap-
pening in the United States in this century. No proof beyond
the vital statistics is required to confirm this male-female dif-
ference. Since this difference is a glaring fact, there can be no
choice but to reckon with it in any concept or theory con-
cerning the nature and ongin of heart attacks. Any concept
that neglects this set of facts passes up a crucial clue in the
entire pictuse of what heart disease is really like. Any theory
or concept of heart attacks which is in conflict with the well-
established observations concerning the differences in attack
rates between men and women simply must be incorrect.
What of this clne concerning the sex difference? How does it
fit, if at all, with all the other information at our disposal? Is
there a common denominator linking this vital part of the evi-
dence with the other parts? In the light of information developed
in the past decade, the last question can be answered in the af-
firmative! A priori, one could reason that any of a multitude of
differences that are known to exist between men and women
might be at the root of the observed differences in heart attack
rate. But to comsider as a first possibility that some factor is
important, wholly separate from the possible common denom-
inators, is a backward way to approach a problem such as this.
In the previous chapters it was demonstrated that we do now
know a major factor that 15 related to the development of heart
attacks and to namrowing of the coronary arteries by hardening.
That is the amount 1n the blood of an individual of the fatty
materials designated as lipoproteins (sec page 24). High
levels of these lipoproteins in the blood (expressed as the
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i i d women
Atberogenic Index values in healthy men ant
The sverge & in the United States

Atherogenic Index values
At A Yomea

2 gror
lﬁlgy:;l 59 umts 45 umts
30-39 years 69 umits 5] uaits
4049 years 78 woits S8 urts
50-59 years 76 tnits 65 units
60-69 years 74 units

84 units

The average Atherogenic Index value is seen to be lower in
women than in men in the eafly decades of aduit kfe {both
males and females are low in childhood). Since the rate of
development of hardening and ing of the coronary
arteries is greater the higher the Atherogenic Index value, the
men would be expected to be developing mote coronary artery
hardening and narrowing in the early decades of adult life. Tt
is therefore not surprising that men should have a greater inci-
dence of heart attacks in the age span from thirty to thirty-nine
years than do women.

Second, it is to be seen that although both sexes show an
increase 1n their averdge amount of lipoproteins in the blood
and hence an increase in Atherogenic Index values as they get
older, the difference between the men and women, on the
average, decreases progressively. After forty-five years of age,
the average woman’s Atherogenic Index is increasing at a faster
sate then that of the average man. The result is that by ap-
proximately sixty years of age the average Atherogenic Index
value is the same in women and meh. This fits very well with
the fact that :Ithough men have many more heart attacks than
women 1 the earlier adult years, progressively the frequen
of heart attacks in men 2nd womcng‘ bcccm);.s mm:q nm}t{;’
equal as both sexes become chronologically older.

Third, we note that after the age of sixty women, on the
average, )m'e. even higher Atherogenic Index values than men.
Asa x_esulk, it is anticipated that, on the average, women be-
yond sixty years of age are accumnulating new hardening of the
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levels, or Atherogenic Index values, in men and women of the
Ropulah’on at large to explain these facts that demand explans-
tion? First, it would be necessary that the average Atherogenic
Index value and the distribution of values encountered in the
young women would have to be appreciably lower than the
corresponding values for the young men in our population. If
this were the case, the rate of accumulation of hardening of
the coronary arterics in young women would be slawer than
in young men. Hence, in the thirties it would be expected that
women would, on the aveﬁ'ge, have accumulated less narrow-
ing of the coronary arteries and therefare show a lesser inci-
dence of heart attacks, which is in accord with observation,

Second, it would be necessary for the difference in average
Atherogenic Index value between men and women to become
smaller with-increasing age, to explam the observation that the
§usceptﬂ:ility of women becomes closer to that of men as age
increases.

Third, as was pointed out before, in the seventies the sus-
ceptibility of both sexes to heart attacks becomes almost equal
If the lipoprotein levels and Atherogenic Index valus are 1o
explain this, not only is it necessary for the gap in Atherogenic
Index value between men and women to decrease as they both
grow older, but also it would require that at some advanced age
the value in women should become equal to that in men and
then inicrease above that in men. The reason for this is that if the
women show lower Atherogenic Index values in the earlier
decades of life, the only Say they coitld “catch up” with the
men in heart attack susceptibility is for them to have a period
ofglife in Iater decades where they show higher values than
men.

If one now looks at the blood levels of the lipoprotein
classes which have been proved to be associated with the de-
velopment of coronary artery hardening and with the devclop-
ment of heart attacks, expressed as Atherogenic Index values,
one finds that each of these conditions just described is met.
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along fruitless directions in the effort to find a basis for the
male-female difference in heart attack rate. 1f this dlﬁ?!mce
in the amount of lipoproteins were not known to explain the
difference in heart attack rates between men and women, one
could possibly think of 2 whole variety of other possible ex-
planations and wnvest a great deal of effort and sesearch to try
to test the validityjof each such explanation. For example, one
earher concept has'been that the actual coronary artenes them-
selves are structurally different in men than in women and
that this accounts for the difference in heart attack rate be-
tween the sexes, It was believed that possibly women have a
different Yand of coronary artery which is less susceptible to
the hardening process, at least in early adult life. On the other
hand, since we know that the lipoprotemns already explain
essentially the enhire difference in heart attack rate between
men and wamen, 1t does not appear fruitful to look for such
other factors as a difference in the wall of the coronary astery
between the sexes, This is not meant to indicate that one
should not investigate the wall of the coronary atteries of men
and women in the effott to discover if there are any real dif-
ferences However, one should not 1nvestigate the artery with
the hope of finding 2n explanation for the difference in heart
attack rates in men and women, since this is already quite well
explaimed both n direction and n quantitative degree by the
lipoprotem-Atherogeme Index factor, which also explams so
many other features of coronary heart discase,
. Inan immeduate sense, as the direct factor involved in cavs-
ing a difference 1 heart attack rate between men and women,
the Atherogenic Index values and their trends with age in both
flﬂ'hu ‘:‘Y clearly do exphain the major differences observed:
su\:-scd ::’a :’étﬂ:n:?:‘l‘,“sl'lgwgvel, that the problem 15 whaolly
Ye mding, We do know why men wonld
expected to have heart attacks at 2 greater rate th
because of thets 1o ‘wate than women,
Of their higher amounts of blood 1
ever, what we do not knoy i popeotass. How.
w at this moment is why men have
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coronary arteries at a faster rate than men of equal age and are
making up for the average lesser degree of hardening that they
?xad before this age. This is why it is possible for the difference
in heart attack rate in men and women to shrink progressively,
to the point where the rate is almost equal for both sexes in the
eighth decade of life.

Thus it is seen that the major features of the difference in
heart attack rates between men and women can be explained
by a known factor, the Atherogenic Index, which expresses the
quantity of certain lipoproteins in the blood. This same factor,
known to be directly associated with heart attacks and coronary
artery hardening, was shown in Chapter 4 to be able to explain
the increasing heart attack rate for people as age increases. Not
only does this factor explain which sex is expected to have
more heart attacks at vanous ages, but also it explains by how
much they should differ. If one calculates out the expected
difference for heart attack rates for young men compared with
those of young women and for older men compared with
those for older women from the Atherogenic Index values, an
answer is arrived at which as the first approximation is ex-
tremely close to observations recorded on page 47. Therefore,
in the qualitative sense and in the quantitative sensc, the lipo-
protein levels and Atherogenic Index levels appear to explaint
the largest part, if not all, of the difference between men and
women m heart attack rates. The original clue concerning the
difference in heart attacks between men and women s thus
explainable on the basis of a common denominator, the
amount of hpoproteins i the blood. We can see further how
the common denominators which pertain to the development
of heart attacks do weave through all the evidence and do tend
to make an integrated single picture of the disease.

It is important to realize that this single common denomi-
nator does explain the major differences in heart attack rate
between men and women. Othenwise, research workers through-
out the world could invest fabulous amounts of effort and time
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+ hormones, the amount of male sex hormone is very much
;ei‘ghex in fen thanin women. The ideahas bccn.conndcre(il that
possibly it is this high level of male hormone in men an the
Tigh level of female hormone in women that in some way in-
fuences the body metabolism with the fesult‘that the amoun?s

of lipoproteins in the blood usually are higher in the men t}lan in
the women. Some investigators have actvally administered
female sex hormones in very large doses to men. When this is
done, the lipoprotein levels in the men tend to decrease and to
.become more neatly like those seefl in the relatively young
women This very interesting phenomenon may shed some
light on the understandmg of the factors contralling the lipo-
protern levels in men as compared with those in women.
However, rather obvious deawbacks exist in terms of trying
to utilize this approach as a treatment for men in order to
tower the amount of hipoproteins in their blood and thus lower
the Atherogenic Index value. 1f one uses the large doses of
female sex hormone necessary to lower the hipoprotein levels
in men 1t has been observed that the men may develop certain
charactensties which make them more Tike females. For ex-
ample, they may develop tenderness and swelling of the breasts
and there may be real interference with their sexual function,
These facts, of course, lumt somewhat the practical use of this
observation concerming the effect of administration of female
sex hormones to men The observation itself 15 nevertheless of
extreme interest and of extreme importance. There exist good
teasons why one should by no means view the situation as dis-
couraging from the point of view that the only possible way
to lower male hpoprotein levels approxi 1y to those en-
countered 1n women would have to be by converting them to
women or nearly to women. The basis for the conviction that
‘:}]‘“ approaches will be possible is the fact that a large number
men i qny population studied do have low Yipoprotein

levels, just as the women do, i
3 , and there is no evidence that
these men are those with female charactenstics
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higher lipoprotein levels in the young age groups, on the aver
age, than do women. And we do not know why that as ag
increases women become closer to men in lipoprotein level
and Atherogenic Index values, and eventually surpass them.
This remains one of the most important subjects for medical
research in this field in the present era. No amount of money
and research effort directed toward finding the reason for this
difference could be too much effort or too much money, be-
cause of the major implications which such a discovery would
have for the health of our population.

This question is, of course, obviously closely related to
another equally important question: why there is a difference
at all from one man to another or from one woman to another
in the amount of the important lipoproteins which they ha-
bitually carry around in their blood. Though we will be able
to consider certain factors—in the family history, in the diet,
and in other areas—which can alter these lipoproteins from the
usual levels, it is still pertinent to ask “Why, if two men ar
both thirty years of age, both of the same height, same weight,
and eat approximately the same diet, does one have a hig
level every ime his blood lipoproteins are measured and the
other man always have a low level?” Obviously this question
is also very closely related to why men are different from
women in lipoprotein levels. 5

It is understandable that the question of the difference in
Tipoprotein levels between men and women should excite the
interest and imagination of many research workers. Indeed,
much experimental work has been done along the lines of
raising the question of whether or not something to do with
maleness and femaleness itself is the reason for the difference
in the lipoprotein levels. It is known from a variety of other
types of evidence, for example, that the levels of certain sex
hormones of the female type (estrogenic hormones) are much
higher in the circulation of women than they are of men.
Further, although both men and women manufacture male type



CHAPTER §

How Overweight Is Related to Heart Attacks

Heart attacks definitely do occur in the very fat, in the moder-
ately overweight, and even in the very thin indwiduals in our
population It can therefore be stated immediately that heart
attacks can hardly, by any stretch of the imagination, be con-
sidered to be a disease of the overweight person alone. Yet
there is a tremendous amount of pressure from physicians,
from heart associations, from the life insurance industry, rec-
ommending that indwviduals avoid overweight, in the effort to
ptevent prominent degenerative diseases Euch as coronary
heart disease 1n the form of heart attacks ™3
In Chapter 2 it was pointed out that overweight is in some
way related to heart attacks and that this represents one of the
primary clues concerning factors involved in heart attacks.
Certamly there is suficient evidence on this issue from various
types of experience to lead us to evaluate the information
seviously, Furth if the inf that is available to us
concemning the partial, but not perfect, relationship of over-
weight with heart attacks is at all valid, it is essential that we
\.m{e;]slar}d how the overweight factor may operate in increas-
lnr;lg :’a;;'dn:u[iigt?s“ ;::«;k:l :tf}%:;m-\ of the evidenc.e from
sk of understanding the
natue of heart attacks. We will want to examine whether over-
weight operates through some sew mechanism that can be
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Probably the most worthwhile approach to this problem
would be to try to understand how men having high lipe-
protein levels and Atherogenic Index values differ from the
men with low valucs. Such knowledge would in all Iikelihood
provide an approach other than the use of female sex hormones
to lower lipoprotein levels. Incidentally, the findings concem-
ing the female sex hormone may also help explain why women
become more nearly like men and even increase beyond them
in lipoprotein level, in later years. It is known that the pro-
duction of at least some 8f the estrogenic (female) hormones
decreases as women become older, an occurrence that is pard
leled by an increase in their lipoprotein levels. It is entitely
possible that these two facts are closely related. This whole
area of knowledge deserves intensive further investigation to
understand the mechanism that is operating. .

In summary, it may be said that in young adult life the lipo-
protein levels and Atherogenic Index values of women 2r¢
lower than in men and just about enough lower to account
for their lower heart attack rate in this early period of adult
life. The lipoprotein levels become equal later in life, an effect
sufficient to account for the fact that the difference in heart
attack rate between the sexes decreases. Women develop even
higher lipoprotein levels than men in later years, so that they
finally approach the same heart attack rate that men show. Al
of these observations represent an important step forward,
clearing away one of the major mysteries of coronary heart
attacks. It represents a further demonstration that a clue avail
able simply through observation of who develops heart disease
can of itself lead to scientific work that helps to produce an
understandable, integrated comcept of coronary artery harden-
ing and its result, heart attacks.
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This is not to say that everyone who eats precisely ghe same
amount of food will have precisely the same body weight; this
is far from the case. Individuals doing heavy abor can eat as
much as twice to two and a half times the food eaten by other
members of the population and still not be relatively over-
weight. Lumberjacks represent a case in point. In those who d_o
very heavy labor a very large number of calories can be taken in
and be consumed for energy purposes. Nevertheless, if any indi-
vidual is overweight at a particular food and caloric intake, it
can be said without fear of contradiction that if he consistently
cuts down his food intake he will lose weight until he finally
reaches some new lower weight at that food mtake. He will
thereafter retamn this lowered weight so Jong as he does not in-
crease s food intake above his needs. This has been very care-
fully and abundantly confirmed by scientific medicine through-
out the world.

There is one other factor mvolved that may confuse some
people a little. 1t is not completely certain that the same
mixture of foods in the diet will increase body weight to the
same extent. Indeed, there is some suggestion that perhaps fat
and protein in the diet will not increase weight to the same
extent as will carbohydrates, even if one takes in the same total
number of calories. But it can still be sad, for any particular
mixture of foodstuffs, that if less food is taken in than is nec-
essary to supply body needs, body weight will decrease. 1t is

important to dwell on the concept of overeating as the prime

source—and essentially only source—of overweight in order to
Pprepare lhc. way for some of our later considerations of why
the ovenweight person might be cxpected to have some in-

creased risk. of heart attack in comparison to persons who are

Dot overweight. Some of the endence is also derived from geo-

E:‘l‘%hm ﬁ‘r:dmg; and for certain periods in the history of man-
, such as {] i jvati

g mmimsn e periods of pr_wahon that have occurred dur-

L% R NP PN W

wh
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shown to be rclated to heart attacks or whether it operates
through those factors which are already solidly established and
understood and which have been described in the discussion
of the relationship of certain blood lipoproteins with coronary
heart attacks.

First, let us examine the nature of the evidence which links
heart attacks with the phenomenon of overweight. Such evi-
dence arises from several sources. There is the long-standing
general feeling which has existed among physicians that being
overweight contributes very little to good health, especially in
the decades of life beyond the third. Generally this fecling has
not been documented, but has been sufficiently widespread
for us to take serious cognizance of it. We can recall that 3
couple of hundred years ago Benjamin Franklin made a state-
ment to the effect that he had never seen anyone who had
died of starvation but he had scen many who had died from
overeating. His words bring up one major, but unpopular,
point concerning the phenomenon of overweight. This point
is that people become overweight, by and large, simply by over-
eating.

For a long time many patients and persons in the population
at large have hgﬁéd, beheved, said, and thought that possibly
something other than overeating accounts for ovenweight in
them. However, over two decades ago careful scientific studies
were done with persons who were overweight under well-con-
trolled circumstances in hospital wards. A measured amount
of food was given to the individuals under study each day and
a very careful check was made to determine that no other
source of food was allowed to enter their room. Under these
circumstances all the individuals who had been ovenweight
found that they were losing weight when their food intake was
cut down, much to the surprise, and even the chagrin, of many.
It is 2 common thing for overweight individuals to state that
they eat practically nothing or that they “cat like a bird,” or
that they are starving themselves and cannot possibly under-
stand why they are overweight.
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studies that have been reported by Dr. Louis 1. Dublin, statisti-
. wrooolitan Life 1 Company. In those
cian for the Metrop v " iohts int
studies people were divided according to their body weights into
een Lorloans 220l v ainbt b iAenl weioht, or various percent-
PR , derived from studies
. oL Tnsurance Company.
The records of deaths and causes of death for such persons
were readily available, since they were insurance policyholders.
It was found by Dublin that when one compares the death
rate due to heart attacks, in terms of the number of heart at-
tacks per thousand people per year or on some other similac
basis, that the persons who were grossly overweight definitely
had 2 higher incidence of heart attacks than did those who
were not overweight, The magnitude of this difference in heart
attack rate is worth considering. Overweight does not appear to
be ane of the factars that enmormously increases the dsk of
heart attacks, as would an extremely high level of lipoproteins
in the blood and a very high Atherogenic Index value. The
effect is, rather, a modest imcrease in heatt attack frequency
for overweight people compared with those who ate not over-
weight. From the information available to us through the
Metropolitan Life 1 Company statistics it appears that
for individuals who ate 30 per cent overweight, the average
heart attack rate is approximately one and a half times that of
the persous who are not overweight, This is not enormous, but
it is very definite, readily provable, and highly significant and
wmportant, No one has ever brought forth any evidence that
would contradict the hife msurance statisvics which show this
approxamately 50 per cent increase in heart attack rate in very
overneight individuals compared with those of the ideal weight.
l::?(u,x]e going further with this evidence, 1t s very impostant to
phasize that even a 50 pex cent increase in the heart attack

rate in very overweight individuals shll do
es not
everyone who is ov:rweinh e

; ight is going to have a heart attack.
F:rthefn.wre, it must aggin be recalled that many persans of
ideal weight and even those who are underweight can and do
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consumptionis Jow) and where ovenweight is uncommon or rare,
that heart attacks are distinctly Jess frequent than they are in
a population such as that of the United States, where over-
weight is rife. This evidence would be highly incriminating
against overweight per se except for the fact that we are here
considering populations living in areas widely separated geo-
graphically, differing in ethnic origin, or taking dicts differing
in specific food composition, and with grossly different en-
vironmental surroundings. The criticism can justifisbly be
raised that perhaps one or more of the multitude of other
factors in the environment, the culture, or the genetic back-
ground of the individuals might really be the major influence
determining the differing heart attack rate in such populations,
rather than the difference in degree of overweight.

Such criticisms must be seriously evaluated and should make
us skeptical of accepting such evidence as clearly indicative of
any specific effect of ovenveight itself without further suppor-
tive evidence. The evidence accumulated in countries under-
going severe privation dunng wartimes, when the caloric intake .
in foods is extremely reduced, leads to the conclusion that heart
attacks do became less frequent than in the same populations
during periods of plenty. Certainly, with the lower caloric in-
take the average body weight of such populations does decrease.
This type of evidence is a little more direct since we are dealing
with the heart attack rate in the same kind of people during
one period when they are eating freely and during another
period when they are severely depnved of food. Hence, some
of the characteristics such as racial features or genetic makeup
do not represent an issue, but still there are such questions a5
the variety of other altered circumstances of the environment
that go along with wartime periods. Even this evidence has
been viewed with reservation and skepticism in some quarters
as indicative that overweight per se is a major factor in the
development of heart attacks.

Perhaps the most clear-cut and defimtive evidence concerning
the relationship of overweight as such to heart attacks are the
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substances of the blood?” I ovesweight is in general associated
with some elevation of the lipoproteins in the blood, this would
be expected to lead the ovenweight group, on the average, toa
greater risk of heart attacks and hence to a greater hwrt.altgck
rate. This question can be exammed directly from scientific
evidence, since measwrements have been made of the lipopro-
teins of the blood and the Atherogenic Index value in thou-
sands of healthy persons of all degrees of underweight and
overweight in the population at Jarge. Thus, if we consider, for
example, 2 group such as men in the gge bracket of thitty to
thurty-nine years, we might divide them into several categories
based upon theit weight and then examine whether the lipo-
proteins and Atherogenc Index values are different in those of
low weights, those of imtermediate weights, and those of high
sweights. Since one would not expect tall individuals to have
the same “normal” or ideal weight as short individuals, it has
become custamary to describe 2 term known as the relative
weight for a person. The relative weight is the person’s actual
body weight divided by what weight is considered ideal for his
height. If someone weighs 130 pounds at a given height, and
it the hesght and weight tables would indicate a weight of 120

eaende 121

. g 1o v Pt Lt gher than
Ius ideat werght If he were at

- at his ideal weight, his relative
weight would be 1.00. In this way we can rank everyone in

this group of thrty to thirty-nineyearold men on a relative
weight seale, Persons with a rélative weight of 0.80 are 20 per
cent below rdeal weight; persons with a relative weight of 1,20
ace 20 per cent above ideal weight for their height. Then the
;:tme }}mpulflucn of men in the group studied can be divided
‘0\3 :‘ ec rariaus categories of relative weight. In the table be-

given the average Atherogenic Index values

> x the -

f‘s;\x\c:m\}'lal:icﬂf‘or k}:c lipoproteins important for he:n(t dnst::sT)
€ categonies of i o

oneto e vy hic-ﬁ\ n“; relative weight, from the very low



62 What We Do Know About Heart Attacks

have heart attacks. It is now pertinent to examine the possible
basis for the relationship which does exist between the phe-
nomenon of overweight and the frequency of heart attacks.
Does this introduce a new factor into the integrated picture of
coronary heart disease, or is the overweight effect refated to
others already established, such as the lipoprotein effect?
One popular notion about the relationship of overweight to
the occurrence of heart disease, popular both in some medical
circles and in lay circles, is that which might be referred to as
the “excess baggage” concept. The person who is 20 pounds
overweight is likened to an individual who is not overweight
but who is carrying a suitcase with a 20-pound weight within it
wherever he goes, every hour of the day. The theory behind
this concept is that the excess baggage which an overweight
individual is transporting at all times represents a load or 2
strain upon the heart. In spite of the popularity of this concept
in so many quarters, there is essentially no valid scientific evi-
dence to support the notion that this excess baggage represents
a real load or a strain upon the heart. Indeed, the amount qf
physical work such an individual does in transporting  this
“heavy suitcase” is in the direction that is regarded by many
authorities as being beneficial for the individual with respect
to his heart funchon. Inasmuch as this excess baggage notion
s at present simply a popular one without any scientific evi-
dence whatever to support it, it need not be taken seriously as
a basis for the excessive heart attack risk in overweight persons.
We may turn to other possible explanations. It has been
noted that it has been possible to measure certain classes of
fatty materials in the blood known as lipoproteins, and a value
derived therefrom known as the Atherogenic Index which,
when high, increases the risk of heart disease in the form of
heart attacks. The pertinent question to ask, once one is con-
vinced of the correctness of the insurance statistics indicating
that heart attacks are more frequent in the overweight, is
“Could it be that overweight itself is associated with any cl'c-
vation in the average amount of these particular lipoprotein

—
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been demanstrated to explain the increase in frequency of heart
attacks with increasing age, to explain the difference between
heart attack rates in men and women, and as we shall see later,
to explain stll other features concerning the occurrence of
heart attacks. . .
While examining this relationship, howevey, it is pertinent
to realize one very important issue: these are average findings.
They do not imply at 2ll that every overweight individual will
have high blood lipoprotein and Atherogenic Index values or
that every underweight individual will have low blood lipopro-
tein and Atherogenic Index values For example, listed below is
the scatterng of Atherogenic Index values for twenty-five ran-
domly selected cases of people who are very low in relative
weight, twenty-five cases who are at an ideal relative weight,
and for twenty-five cases who have a high relative weight.
Examination of these Ath ic Index values makes it
clear that more frequently high values are encountered in over-
weight persons than in underweight persons. This is in accord
with the higher average Atherogenic Index values in the over-
weight. Two other facts are also clear. Some overweight persons
show fow Atherogeme Index values and some underweight
persons show high Atherogenic Index values. It would follow
that the overweight individual who shows a low Atherogenic
Index value, all other features being equivalent, would not be
expected to share the ncreased average risk of heart attacks
that overweight people suffer because of the average highes
‘I::I‘{c‘do‘ lthe Atherogenic Index. Similaly the underweight
B ividual who has a very high Atherogenic Index value would

be expected to have a distinctly increased risk of a heart attack
x‘? spite of the fact that underweight people on the average
b’:\clcwt( Tisks of heart attacks The underweight state cannot
> hzgtn;ﬁn 2;(1 ]t;(gxovxde Protection to this individual against
levels are high, andltslf' i R s it proin
ol s hcnt att‘ascfs .the crucial issue with respect to the
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Atherogenic Index values and relative weights in healthy
men between 30 and 39 years of age

. Averag cenit
Relatire v eight category ! cr;;ed:xt{l;]t:g i
Between 080 and 090 (men who are between 10 and 64 6 units
20% underweight)

Betwecn_ 090 and 1 00 (men who are between 10 un- 64,6 units
derweight and at ideal weight)

Between 100 and 1.10 (men who are betneen ideal 69.1 units
werght and 10% overwerght)

Betwcen 1.10 and 1,20 (men who are between 10 and 75.2 umts
20% overweight)

Bes\»ccn 1.20 and 1,30 (men who are between 20 and 79.1 onits
30% overweight)

82.0 units

bove 1.30 (men who are more than 30% overweight)

It will be noted that as we pass from the individuals of low
relative weight (underweight individuals) to those of high rela-
tive weight (ovenweight individuals), the average Atherogenic
Index values do indeed increase. This tells us that, on the
average, overweight individuals do have 2 higher amount in the
blood of those lipoproteins that are associated with heart at-
tacks and, therefore, it would be expected that they should
experience a higher heart attack rate than should undenveight
individuals. Furthermore, by statistical methods it is possible
to figure out whether or not this extent of elevation of the
blood lipoproteins and Atherogenic Index values in the 30 per
cent overweight individuals would give rise to the approxi-
mately 150 per cent increase in heart attack rates that the
insurance people have observed for overweight individuals. By
such statistical tests it has been demonstrated that the amount
of lipoprotein elevation does indeed explain the largest shar
of this observed increase in heart attack rate among overweight
people. This remarkable act is still another illustration of how .
a thread of unity is being woven into the over-all concept of the
basis for coronary artery hardening and heart attacks. We find
that the relationship of overweight to heart attacks is not just
an isolated fact; it operates primarily through a factor, the
Atherogenic Index value or blood lipoprotein level, which has
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been demonstrated to explain the increase in f.ml“m‘:y of heart
attacks with increasing age, to explain the difference between
Teart attack rates in men and women, and as we shall see later,
to explain still other features concerning the occurrence of
heart attacks !

‘While examining this telationship, however, it is pertinent
to Tealize one very important issue: these are average findings.
They do not imply at a1l that every overneight individual will
have high blood lipoprotein and Atherogenic Index values or
that every underweight individual will have low blood lipopro-
tein and Atherogenic Index values. For example, listed below is
the scattenng of Atherogenic Index values for twenty-five ran-
domly selected cases of people who are very low in relative
weight, twenty-five cases who are at an ideal relative weight,
and for twenty-five cases who have a high relative weight.

E of these Ath ic Index values makes it
clear that more frequently high values are encountered in over-
weight persons than in underweight persons. This is in accord
with the agher average Atherogenic Index values in the over-
weight Two other facts are also clear, Some overweight persons
show fow Atherogeme Index values and some underweight
persons show high Atherogenic Index values, It would follow
that the overweight individual who shows a low Atherogenic
Tndex value, all other features being equivalent, would not be
expected to share the increased average risk of heart attacks
that overweight people suffer becanse of the average higher
value of the Atherogenic Index, Simlarly the underweight
mdmndual who has a very high Atherogenie Index value would

be expected to have a distinetly increased risk of 4 heart attack
x‘x‘xn fpxte of the fact that underweight people on the average
bcf:w& Tisks of heart attacks. The underweight state cannot
> hm‘x’tn al\acll: It::gmde protection to this indrvidual against
el ich mdu:hc. for some reason his blood lipoprotein
i f“mi !,mrt . t‘:c‘kss the crucial issue with tespect to the
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Atherogenic Index values and relative weights in healthy
men between 30 and 39 years of age

Relative weight category Amﬁzﬁ!ﬁiﬁg&r
Between 0.50 and 0.90 (men wh o
0% uniermeight) { who are between 10 and 646 mts
Betwcen 090 and 1.00 (men who are between 10 un- 64.6 mits
derveight and at ideal weight)
Between 1.00 and 110 (men who are between ideal 69.1 umits
weight and 10%, overweight)
Between 1.10 and 1.20 (men who are between 10 and 75.2 units
20 overweight)
Bcsnrcn 1.20 and 1.30 (men who are between 20 and 79.1 units
30% overweight)
82,0 anits

Abose 1 30 (men who are more than 30 overweight}

1t will be noted that as we pass from the individuals of low
relative weight (underweight indwiduals) to those of high sela-
tive weight (overweight wdwviduals), the average Atherogenic
Index values do indeed increase. This tells us that, on the
average, overweight individuals do have a higher amount in the
blood of those lipaproteins that are associated with heatt at-
tacks and, therefore, it would be expected that they should
experience a higher heart attack rate than should underweight
individuals. Furthermore, by statistical methods it is possible
to figure out whether or not this extent of elevation of the
blood lipoproteins and Atherogenic Index values in the 30 per
cent overweight indwiduals would give rise to the approx-
mately 150 per cent increase in heart attack rates that the
insurance people have observed for overweight individuals. By
such statistical tests it has been demonstrated that the amount
of lipoprotein elevation does indeed explain the largest shar¢
of this observed increase in heart attack rate among overweight
people. This rematkable fact is still another illustration of how
a thread of unity is being woven into the over-all concept of the
basis for coronary artery hardening and heart attacks, We find
that the relationship of overweight to heart attacks is not just
an isolated fact; it opemates primarily through a factor, the
Atherogenic Index value or blood lipoprotein level, which has
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and Atherogenic Index values are w}}n they are vather than
some other values. This is a key question in human 'body func-
ton and body metabolism that must be tesolved in the ulti-
smate evaluation of the factors that lead to heart attacks and to
therr conquest. .
Some of the reasons for the agreements as well as the dis-
crepancies between weight and Atherogenic Index values are
g d and will be elat d in much greater detail in a
subsequent chapter on the nature of relationship betwe§n d‘ict
and lipoprotein and Atherogenic Index values. Anticipating
that discussion at ¥is pomt, it can be stated that in some
people certain of the lipoproteins are elevated when they have
a greater daily intake of the carbohydrate type of foodstuff
such as sugars, starches, and grams. In other people, different
ipoproteins, also important for heart disease, are elevated when
they have too high an intake of animal fats and certain related
fats in their daily diet. Since the overweight individual is taking
in a greater number of calories than he needs, it is highly likely
{depending upon his personal choices of foods) that he is
aither taking in excessive amounts of anfmal fat or an excessive
amount of carbohydrates, or an excessive amount of both
groups of foodstuffs, These excessive amounts of animal fat ot
carbohydrates in the dietary intake of the overweight person
will probably explain the greatest part of the effect of the over-
weight state upon his lipoproteins and Atherogenic Index.
Whether there is anything else specific ahout the averweight
state ﬂ}at accounts for some people having high lipoprotein
values is not clear, but it has not been demonstrated as yet.
Certainly, a Yarge part of the effect rests in the food taken in
the form of excessive animal fat ot carbahydrates, or of both,
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Demonstration that high and low Atherogenic Index values can
occur in undenweight, ideal weight, and everweight individuals
Scattering of Atherogenic Scattering of Atherogenic
Indecvaluesin 25 ran-  Scattering of Atherogenic  Index values in 25 ran-
domly sclected men who  Index valuesin 25 yan-  domly selected men who

are morc than 15%, domly selected men who are more than 20%
underweight are at ideal weight overwerght

27 35 49

36 39 54

38 43 57

39 45 57

43 45 59

44 50 59

45 54 59

46 57 60

46 58 60

48 60 60

50 61 62

50 63 65

52 64 £8

52 65 74

54 68 76

. 54 69 77
56 69 80

59 69 §1

60 71 8t

64 72 94

68 77 103

70 82 106

87 91 107

88 96 116
145 93 130

‘What is an even more important and fascinating problem is
why only some people with overweight seem to be affected, so
that their lipoproteins and Atherogenic Index values are high,
whereas other people who obviously overeat and are thercfore
overweight can escape the increase in Atherogenic Index values
that, on the average, accompany the overweight state. Again,
why some of the individuals who are marked undenweight do
not enjoy the average protection conferred by the underweight
state against having high Atherogenic Index values remains un-
explained. These questions are part of the much larger problem
to which we have alluded before—why the lipoprotein levels
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arterial system from very low pressures to some that_arc quite
high. In spite of this, the individuals would otherwise be ap-
arently healthy.
F !cl:‘wythcn dynes it come to be considered that the blo.od
pressure when high may in some way be related to hardening
of the coronary arteries and to the occurrence of }}art atf:\cks?
First of all, as with so many other parts of the evidence in the
entire problem of heart attacks, the suggestion that Thigh blood
pressure is in some way related to heart attacks comes from the
vast mass of clinical experience of physicians throughout the
world, These physicians have noted that coronary heart attacks
seem, at least, to be a more frequent than average occurrence
among pabents characterized by high blood pressure. When
such a situation arises, 1t is always extremely important to
check through the evidence carefully to determine if the im-
pression is correct. More times than not, when such a wide-
spread impression does exist from practical medical experience,
1t probably has some vahdity when measured scientifically. If
this were the only evidence, however, the story would not be
very strong, Now a vast body of evidence emanating from sev-
eral sources has confirmed this issue by demonstrating conclu-
sively that when the blood pressure is high, the risk of coronary
heart attacks 15 high. Not only is the evidence such that one
can say that when the blood pressure is high the heart attack
¥isk 15 hagh, but also we now know the probable mechanism by
which blood pressure elevation operates to increase the risk of
hc:nrt. attacks Let us recall that the major basis for increasing
the risk of heart attacks is an advanced degree of narrowing of
the coronary arteries by the process of hardening (aterioscle-

10815 OF n!.hemscluosxs). The evidence that has been accumu.
lated indicates stron,

ly and quit, .
in the blood pressur gy qQuite conclusvely that elevation

€ persist v H :
indced accelonte g persistent over a long period of time does

. € tate at which the arteries will hard
‘This means, therefore, that th ; ' harden,
tugh blood pressure for ¢ person who has maintained 2

2 long period of time will have more



CHAPTER 7

The Relationship of High Blood Pressure
to Heart Attacks

In the minds of many peaple there is considerable confusion
concerning the nature of the relationships between high blood
pressure, hardening of the coronary arteries, and the occur-
rence of heart attacks. To some, high blood pressure means
the same thing as heart disease and hardening of the arteries.
This is not correct. The blood in the arterial system, which is
the conduit system leading from the heart to the various organs
supplied with nutrition and oxygen, is under a fairly sizable
pressure in order to drive it to the organs being supplied. It is
quite evident that if there were no pressure within this con-
duit—or pipe—system there would be no supply of cntical
organs with blood, which would be disastrous, However, this
artenal system is the seat of what may be called a very serious
disorder because in certamn persons, and from several possible
causes. the pressure in this system becomes inordinately high.
The human population is charactenzed by quite a variation
from person to person in the average pressure which is main-
tained in this arterial conduit system. Thus if one were to
measure the blood pressure in a thousand individuals at a spe-
cific age (for example, in men at thirty-five years of age) there
would be a large range of pressures encountered in the blood

68 &
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than that the high blood pressure was itself thF factor in_ 1&(1;
ing the one group of animals to develop excessive hardening 0
the artenes. . .

From observation rather than experimentation we now have
direct evidence on fhis same issue in humans. In one chronic
disease hospital there was a large group of patients from whom
repeated blood pressure measurements were available during
their extended stay in the hospital. In those patients who died
the coronary arteries were examined carefully postmortem to
determine the extent of naowing and hardening. Since the
blood pressure readings for these persons had been available
for a period between six months and several years before death,
1t was possible to plot the value of the blood pressure that they
had had while alive against the degree of hardening or narow-
1ng of the coronary arteries observed at postmortem examina-
tion. 1t was found that there existed a definite and striking
relationship between the blood pressure during life and the
amount of harderung of the coronary atteries observed post-
mortem. The higher the blood pressure had been, the greater
was the degree of coronary artery narrowing. This type of rela.
tiouship in the human is completely consistent with the find-
ings in the expenmental animal studies. The observations in
these humans serve to confirm the concept that the high blood
pressure operates to increase the rate at which the coronary
artenes harden.

Probably the most impressive, clearcut, and definitive evi-
:Fnl:cb:{cm:lmulated d{rectly on the subject ?f heart attacks and
l;{ge Angzd lEressure is 'ava\hble from studies emanating from

orces. During World War II there were, of course,
very arge numbers of young men enrolled in mihtary service,
From this large group some 542 died 2t a relatively young age
of a coronary heart abtack. Al of these were proved by post-
mortem examination definitely to have had a coror Y}l:
at;ack#)r. Wallace M. Yater, investizating the Vaﬁon\f:{mﬁo:z
why this group of young soldiers had developed heart attacke
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narrowing and hardening of the coronary arteries and wilt
therf:fore be a more likely candidate for heart attacks,

F1r§t let us consider the direct test of this concept in animal
experiments. Such experiments have been done both in the dog
nfxd in the rabbit. If one feeds these animals a certain type of
diet, or diet plus special medications, it is possible to increase
the amount in their blood of certain lipoproteins. When the
blof)d level of these lipoproteins is elevated for a sufficient
period of time, the animals develop a narrowing of the arteries
due to hardening that is closely analogous to the similar proc-
ess that goes on in the human, although this process is not
absolutely identical.

In both the rabbit and the dog, experimenters have done the
following types of experiments: They have divided series of
animals into two groups and fed them the diets and drugs
calculated to raise the level of their blood lipoproteins and
produce hardening of the arteries. Additionally, high blood
pressure was induced in one of the groups of animals by one or
more types of operation. Therefore, there were available two
groups of animals, two groups of rabbits or two groups of dogs,
both of which were getting the same diet and medications and
developed the same extent of elevation of the amount of lipo-
proteins important for arterial narrowing. One group of animals
was additionally characterized by high blood pressure; the other
was characterized by the absence of high blood pressure. After
a period of several months the special diet was stopped, the
animals were sacnficed, and their arteries examined for the
development of arteriosclerosis or hardening. It was shown con-
clusively, both in the experiments done in the rabbit and in
those done in the dog, that those animals who had not only
the lipoprotein elevation but also the blood pressure elevation
had much more advanced degrees of hardening of the arteries
than did those with only the lipoprotein elevation without
blood pressure elevation. Since both groups had the same de-
gree of lipoprotein elevation, they were entirely comparable in
this regard, There was no other conclusion that could be drawn

«
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amimals with and without high blood pressare, both point to
the explanation that the way in which the blc'md pressure ele-
vation operates is by increasing the rate at which hardening of
the coronary arteries develops. The more hardening of the
cotonary arteries there is, of couse, the higher the likelibood
is of future heart attacks.

The reader might be tempted to ask how a higher l_ﬂood pres-
sure might operate to increase the rate of hardening of the
coronary artenes One of the eatliest investigators of the prob-
Jem of hardening af the arteries, over a hundred years ago,
developed a very simple concept of how this hardening might
g0 on, and very likely this concept is as close to the truth as
any that has yet been developed. This 1dea was that the fatty
matenals of the blood, the lipoproteins, represent the source
of the fatty materials that become deposited in the hardening
of the artenes. It was surmised that the way this deposition
goes on is actually by a filtration of the lipoproteins from the
blood stream directly into the arterial wall, and that this filtra-
tion 15 aided by the pressure of the blood in the artery. If this
1 the case, as it seems very likely to be, the higher the pressure
m the artery and the higher the filtration rate will be of lipo-
‘proteins into the arterial wall; this would thus explain a mecha-
nism by which high blood pressure accelerates coronary arterial
fatty deposition, hardening, and narrowing.

One interesting side observation which, when properly ana-
yzed, danﬁ?s the overall concept of coronary heart attacks
still further is that which relates to the infrequent occurrence
of heart attacks in young women, In Chapter 5 it was pointed
out that young women have a much lower heart attack rate
than do young men. All other things being equal, the physician
wll view with skepticism the diagnosis of a heart attack in 2

young woman simply because such 3 i i
it e il Ea); > such attacks are relatively infre-

) cen stated in ..
disease that heast attart it many textbooks on heart

] are extremely rare in v
nless certain special cir . ong. these. i
cumstances are psnally ki
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recorded many features about them, including what their blood
pressure had been when they were inducted into the Atmy.

Also available to Dr. Yater were the blood pressure readings
on a large group of men of the same age who had not devel:
oped coronary heart disease. Comparison of the average blood
pressure in these healthy (monm-heart attack) men with the
blood pressure in those who did develop heart attacks showed
clearly that the average blood pressure was definitely higher in
those who went on to have heart attacks than in those who
did not. The difference in blood pressure between the group
with heart attacks and the group without heart attacks is large
enough that it would not oceur even once in 2 hundred times
b); chance sampling alone. Therefore these findings appear very
safe,

Similar types of evidence have now been produced by many
additional studies. One of these is a large-scale, longterm
study of the population of Framingham, Massachusctts, ¢x-
tending over many years, sponsored by the United States Pub-
lic Health Service. In this study it has been shown that if the
blood pressures are measured in a lasge group of people and if
these people are observed for a period of a few years, those
who develop heart attacks out of the original group do have
on the average a higher blood pressure when measured than
those who do not develop heart attacks. From the observations
of individual physicians, from hospitals, and from clinics have
also come numerous reports indicating in groups of patients
who are being followed that the blood pressure is ligher on the
average in those who develop heart attacks than in those who
do not. The evidence as a whole is overwhelming, coming from
so many different sources of information.

Therefore it can now be stated quite clearly and definitely
that elevation of the blood pressure, even without any other
symptoms or signs of ill health, is itself a factor, and a very
important factor, in people which predisposes them to a higher
risk of future heart attacks. The studies previously described,
both of human arteries examined at postmortem and of the

e



elationship of High Blood Pressuse to Heait Attacks

Mood pressure §s higher in those individuals who. go on to
dLvelog heart attacksgﬂlan in those who do not. This does not
mean that every individual who develops a heart attack has had
a bagh bload pressuse, Quite the converse is true, for there are
some individuals who develop heart attacks with low blood
pressure, some who develop heart attacks with modenate vahfcs
of the blood pressure, and some who develop heast attacks th_h
Tigh blood pressure, However, what is meant is that there will
be more people with elevated psessures among thase who de-
velop heatt attacks than amang those wha da not.

Even many physicians have been confused by this issue and
Tave tended to indicate that they do not think the blood pres-
sure is important in spite of the mountain of evidence to the
contrary, simply because they can point to many patients who
develop heart attacks who have moderate blood pressurcs. Such
patients can and do develop heart attacks because they have
a marked abnormality of the other factor, an elevated Athero-
genic Index value. Thus, the occurrence of heart attacks in
people with moderate blood pressuze in no way provides any
evidence 1o vefute the now wellestablished observation de-
scribed abave—that the higher the blood pressure the higher
the ris": of future heart attacks,

Considerations of prevention of heact attacks will be dis-
cussed later, but at this point it should be mentioned that i
one were going to try to minimize the risk of heart attacks by
co;ﬂml of such factors as the blood pressure and the lipopro-
teins, one must approach the problem with some common
sense and good judgment as well. 3 it is known, as it is, that
high Blood pressure is related to heart attacks, then individuals

wha have high blood pressure and wh
tively 10 reduce the ¢l ; ; e e

r evated Blood pressuze undoubtedt
Im\ée theit blood pressures teducedx.) rbtedy hadd
ome may sy that if risk of futuce heart attacks is lo
e wered
g{::\gngg Blood pressure, why is it not logical to try ta :eo
et ?ﬂ ]prcssuxcs even further when the pressures are 2l
¥ quite Tow. Here we must consider carefully that at least
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pressure, (2} the presence of diabetes, and ( 3) the presence of
a family history of early heart attacks. The problem of diabetes
and the family history of heart attacks we shall return to later,
but at the moment we can focus on one factor that has been
commonly referred to as being almost a prerequisite for heart
attacks in young women, the presence of high blood pressure.
. Why should this notion have arisen? Evidence was presented
in Chapter 5 to support the concept that young women have
fewer heart attacks, on the average, than young men because
t‘hey have lower amounts in the blood of those various blood
lipoproteins which are involved in predisposing to heart attacks.
Thus, since the women are to a large extent protected against
heart attacks, compared with men, by having had less of the
lipoproteins in their blood during the early years of life, one of
the ways in which they could still develop enough coronary
artery hardening to develop a heart attack is to have some other
factor which offsets the protective effect of the lipoproteins
being low. It would thus be expected that if some other factor
could operate, such as the blood pressure, that tends to aise
the risk of heart attacks in a woman compared with a man,
even in the face of lower levels of the lipoproteins she could
still develop enough coronary artery narrowing to develop 2
high risk of a heart attack. The blood pressure is that other
necessary factor. Therefore it is mot surprising that those
women in early life who do develop heart attacks show a much
more prominent elevation of blood pressure than do the young
men with heart attacks. This is because men who develop heart
attacks early in hfe do so not primarily because of high blood
pressure but because they have very high lipoprotein values.
But for women, with their strong tendency to have low lipo-
protein levels and low Atherogenic Index values, it is not sur-
prising that they need to have this other factor, the blood pres-
sure, grossly abnormal to develop heart attacks early in life.
The meaning of the relationship of high blood pressure to
increased risk of heart attacks deserves further careful explana-
tion. What has been shown above is that, on the average, the



Relationship of High Blood Pressure fo Heart Attacks ki

the blood lipoprotein-Atherogenic Index value. The higher the
blood hipoprotein level and Atherogenic Index w{a!ucs, .lhe
Tugfier is the risk of heatt attacks. But, for any patticular lipo-
protein level and Atherogeme Ipdcx value, the higher the
blood pressure, the higher is the sisk of future heart attacks.

In any new situshon where we find that heart attacks are
relatively frequent, st now is mecessary to determine whether
either (or both) of these common denominators (the Athero-
genic Index and the blood pressure) s zesponsible, 0r whether
we need to Toak for still addinonal factors as possible common
denominators in the genesis of heart attacks. It follows further
that, since the blood pressure and the lipoproteins operate as
mdependent factors, both predisposing to the sisk of a heart
attack, we must consider that 2 person characterized both by
high lipoprotein levels and by a high blood pressure~and
there ate many such—has the highest risk of a future heart
attack. A person who is high in bload pressure but low ar aver-
age 1n blood lipoprotein level ar ane who is high 1 lipoprotein
Jevel but average or low 1n the blood pressure occupies an
intermeduary position sath respect to the nsk of a heart attack.

Fanglly, the persons who are best off i our population with
tespect to the nsk of future heart attacks are those who have
Tow levels of blood pressure and low levels of lipoproteins.
From the powt of view of preventive medicine, however, it
will be shown that knowledge concerning the existence of two
mdependent factors, the Yood pressure and the jipoproteins,
gives us 2 twofold attack upon the problem of preventing heart
disease. In some yodmduals who are high both in blood pres-
sure 2nd blood Yipoprotein levels, we ate medically capable of
doing 3 better 10b of lowenng one than the other. In such a
f“:: ;’;:::’“;d :\*m; to dovevery thing possible to Yower one of
atac risk' nnnc t;‘ at :i ftself would he}p seduce the heart
“idaal en thoug]  one cauld not in a parbiewlar indi.
Y succeed in lowering both factors with curcently avail.
avle preventive or treatment methods,
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a certain pressure must be maintained in the arterial system in
order to drive the blood around to the various tissues, and that
if the blood pressure is reduced beyond certain low levels, one
can produce serious symptoms and illness due to an inadequate
supply of blood. This is very much the type of situation that
exists in a variety of forms of traumatic shock. Thus, whereas
lowering an clevated blood pressure may be beneficial to reduce
the risk of heart attacks, one does have to keep'in mind that
lowering the pressure further when it is already low may not
be logical because a train of other events may be initiated that
are highly unfavorable.

The elevation of the blood pressure is a major factor in in-
creasing the nsk of heart attacks through the mechanism of
increasing hardening and narrowing of the coronary arteries
It is of the greatest importance to realize that elevation in
blood pressure is a second major common denominator in the
story of coronary heart attacks. Up to this point in our dis-
cussion of heart attacks we have found that various parts of
the evidence led back to the blood lipoproteins and Athero-
genic Index values as the factors explaming the evidence. Since
the blood pressure is quite defimtely related to the risk of heart
attacks, another question can now be raised: “Is elevated blood
pressure itself a result of elevated lipoprotein levels and Athero-
genic Index values?”

This question has been carefully examined and the con-
clusion is that the relationship of elevation in blood pressure
to increase in heart attack risk cannot be explained by any
relationship of elevation of blood pressure to elevation in
Atherogenic Index value. Thus, while the effect of sex and age
on heart attack risk is readily explainable through the lipo-
protein-Atherogenic Index findings, the effect of clevation of
Blood pressure cannot be so expluned. It is for this reason
that we are forced to the conclusion that it is necessary to
recognize the blood pressure as 2 second common denominator
in explaining heart attacks. The first common denominator 15

]



Why High Frequency of Heart Disease in Cestain Farmlies KLl

position to heart attacks, assuming such predisposition really
exists. And then we must ask what we know or can 1eam_about
a possible basis for any relationship that is found to exist be-
tween family history and coronary heart attacks.

Does any such relationship introduce a new major common
denominator into our overall concept of the basis for heart
attacks? Or does any possible association of family history with
heart attack susceptibility operate in some way on one of the
two major factors that we know to be predisposing factors in
the development of heart attacks—the hipoprotein levels in the
blood and the blood pressure? .

First let us examne the question of whether or not it is
really true that heart attacks do oceur 1n certain families with
excessive frequency. It is definitely possible to say that for
certain very special families there is no doubt whatever that
heart attacks occur with great frequency. Families exist for
whom the medical history is known for several generations
and in which 1t has been shown that in each generation there
is a great tendency for members of the family to die at an
early age of a coronary heart attack, for example between the
ages of twenty to forty years. In such families for threc or
four brothers to die before the age of forty of a coronary heart
agtad; and to have this occurrence repeated in several genera-
tions is qute distinctive evidence that a family tendency to

develop heart attacks at an eatly age definitely exists. By sta-
tistacal chance alone (simply by sayng “bad breaks”), it would
.

e pvbramnaly snienal far thee timn of aatbomn Ea camanb SaalE on

very hittle doubt that a predispositi : :
position to development of earl
:;1:;! fa:;l coronary heart attacks exists. In fact, in such familic’;
aqulm‘ ;ef:r‘tm‘\: :;:m\]z‘er; do not enjoy the usual protection
5 attacks w izes i
Popuston st e which characterizes young women in the

But in such families we do have an understanding of the



CHAPTER 8

Why Heart Disease Occurs with High
Frequency in Certain Families

That certain famihes are characterized by a marked predis
position to the development of coronary heart attacks during
relatively carly years is a concept that has gained wide credence
in both medical circles and among the public. 1t has been re-
marked in an earlier chapter that some say the best way to
avoid coronary disease is to choose one’s ancestors wisely.
The nature of the evidence surrounding this popular concept
must be examined carefully. First the question must be asked:
“Is it true that certan families are inordinately predisposed to
develop coronary heart disease?” Secondly: “If 1t is true, is it
that all members of certain families are unusually susceptible
to coronary heart attacks?” Thirdly, the question must be
raised: “How docs this family predisposition come about?”
For example, it is entirely possible that the nature of any such
association of many heart attacks in members of a single
family might be due to some defect that is transmitted in 2
hereditary fashion from generation to generation through the
germ plasm. Alternatively, it is also possible that there is some-
thing either about the habits of certain families or the environ-
ment in which they live, whatever we may decide to include in
“environment,” which may account for this inordinate predis-
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\Why High Frequency of Heart Disease in Certain Families 1)

proteins in blood of such famihes is a transmissible trait
through the hereditary mechanism of the germ plasm. The
premature heart attacks, we can feel extremely certain, are
smply an expression of the fact that the members of these
families transmit a defect which makes them unable to main-
tain their lipoproteins at a low level in the Blood. ﬂc nature
of this hereditarlly transmitted defective mechanism in the
handhng of the lipoproteins is not identified a5 yet, but we
can be sure that the high frequency of heart attacks is heredi-
tarily transmitted. The important issue here is the demonstsa-
tion that the transmission is by the hereditary mechanism
rather than by such a mechanism as a envi t

of the family members or some common factor for the family
such as diet,

Also, these families can teach us something about the second
question that was rased: “If it is true that famihes can be
predisposed to heart attacks, ate all members of such families
predisposed?” Careful study of the fate of large numbers of
members of some of these families with excessive amounts of
lipoproteins in the blood and a predisposition to heart attacks
has shown that certain members in the various generations
“escape.” They escape the abnormality of the lipaproteins of
the blood and they escape the premature occurrence of heart
attacks. It is, of course, to be expected that if they do not show
the abnormahty in the liproproteins of the blood they will es-
cape the high sisk of heart attacks, and indeed they do. Thus,
even though the family 1s predisposed to early heart attacks by
the mechanism of having very great amounts of lipoprotein in
the }ﬂoud, this cannot be generalized to each member of the
family simce some of them escape this abnomality in the he-
wedxmy’ transmussion and these are not subject to excessive
heart disease nsk. This is extremely important for the members
of such families, since the generalized impression—that 2 bad

family history, even in these spec i
) 4 pecial families, means an almost
certain development of early heart disease~is erroneous and
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basis. for the premature heart attacks. In these families careful
studies of the blood have shown that a high proportion of the
members of the family show extreme elevations of one or more
of the important blood lipoproteins and hence of the Atheto-
genic {nde.\'. Certain of these families show high levels of S
0-12 lipoproteins, others high levels of S, 20-100, and still
others high levels of all lipoproteins from S 0 to S; 400. With
such extremely high levels of these lipoproteins known to be
associated with acceleration of the development of hardening
of the coronary arterics and hence with increase in the risk of
heart attacks, it is not at all surprising that the members of
such families are inordinately predisposed to the development
of early heart attacks. In such familics it can furthermore be
shown that even the children of members of the family whose
lipoprotein levels are very high may already show massive
elevations of the same lipoprotein classes at the age of two of
three years. Such children below the age of five years may al-
ready have as high levels of lipoproteins as their parents, levels
far Ingher than the average for adults in the population at
large. For these children there is every reason to eshmate from
all the evidence at our disposal that their longevity will, on the
average, not be great. There exists an extremely high risk in
these children of having developed enough hardening of the
arterics in their "teens and twenties to be prime candidates for
heart attacks in their twenties, thirties, and forties The studies
of these families enable us to answer at least two questions for
these extreme cases. First, careful studies of the distribution
of heart attacks in such families and of the abnormality of the
blood in the form of a very marked elevation of the blood
lipoproteins indicate that a hereditary mechanism transmitted
through the genes is at the root of the difficultics. Methods
exist in biology for knowing whether the way a particular dis-
ease is transmitted fits a hereditary pattern, and in these cases
it very definitely does fit. In some way, thercfore, the abnor-
mality of metabolism which leads to high values of the hpo-
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that is transmitted or is otherwise associated with families.that
creates the predisposition to heart attacks.

There are two major ways in which one can proceed to try
to derive these answers. One 15 to determine directly by a study
of individuals who have had a heart attack at a given period of
Isfe (for example at thirty, forty, or ffty years of age), what
the real nature of the family history is. Is it true that there is
slways a family history of heart attacks in an individual w?m
Timself had a heart attack at a particular age, compared with
those persons who have not suffered heart attacks at that age?
Or is it true that heart attacks are two, three, four or more
times as frequent in the family background of those individuals
who have had a heart attack early in life as in that of those who
have not? In an inverse way, one could look at the fate of the
offsprng of persons who have had a heart attack versus the
offspring of those who never did have heart disease during life
in order to determine how much more frequent heart attacks
a1 1n the offspring of those who have hiad 2 heart attack than
in those who escaped heart disease.

The second approach to this problem would be to examine
!hosc factors in a person that we know are directly related ta

ing his risk of develop of a future heart attack, Are

any such factors different in those people who have a family
history of heart attacks than mn those persons who do not have
2 family history of such disease? The amount of lipoproteins
in the blood and the blood pressute of the individual are two
S it st e
e must

therefore, what the lipoprotein levels are and what the b]ooci
pressures are in persons with a family history of heart attacks
and compare them with those of persons without this type of
family history. Both of these major approaches have naw been
:pp\xca. Let us first consider the evidence bearing on the ques-

ion of what the family history is like for those persons out of
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leads the person to needless worry. If a member of such a
family has escaped the transmission of the trait which leads to
the very high level of the blood lipoproteins, this person has no
reason whatever to feel that he is inordinately predisposed to the
development of heart disease simply because of the family his-
tory. Some of the members of such families can live to quite
a ripe old age free of such diseases as coronary heart attacks
simply because they have been fortunate enough to avoid
having the high lipoprotein levels. The generalization is there-
fore false that all members of such special families are pre-
disposed to development of early heart attacks.

This type of evidence, pertaining to families characterized
by a very marked disturbance of the amount of blood lipo-
proteins which they habitually carry, represents special evi-
dence concerning familial aspects of heart attacks. It certainly
indicates that a family predisposition can exist and that it can
be inherited. What does it tell us for the broad mass of the
population, not characterized by this very special enormous
abnormality of the blood lipaproteins? Docs it tell ws, for
example, anything about the outlook for an individual who has
had one parent die of an early heart attack or a brother or
sister who has died similarily? There exist many persons who
have heard of family predisposition, and when an early heart
attack occurs in the family are terribly concerned that this
must necessarily mean that they too are going to have such an
carly heart attack.

To answer questions in this area our attention must be
focused on the broad mass of persons, where most of the heart
attacks occur, rather than upon special families with highly
abnormal lipoprotein levels. It is in this broad mass of th‘e
population that we must resolve such questions as “What is
the outlook for the person who has a family history of eady
heart attacks?” If the outlook is poor, we must determine
whether in this broad mass of the population there is anything
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vertheless, these items of evidence taken together with
n the medical Werature do suggest strongly that there
hal factor in coronary heart disease for the population
. a5 well as for the special families described at the
ng of this chapter.
ofe durect apgmach to this question, and one which
the actual factors which we do know ate associated with
«umrence of coronary heart attacks, is that of st\}dyin:g the
history of persons in the population in relationship to
stors of blood lipoproteins and blood pressure. 1f the
steins and the blood pressures are studied in a large
of persons in the population (using a reasonsble sam-
of the population), can it be demonstrated that cither or
f these factors may be different for persons with a family
¥ of heart attacks as compared with 2ll other persons in
opulation? Precisely these questions have been asked and
been answered in a large-scale study. A group of some
nen were studied with respect to lipoproteins and blood
wte dunng a regular employment examination. Wholly
- from the lipoprotein and blood pressute amalysis, these
were asked to fill out a questionnaire concerning the pres-
+of heart disease in their mother or in their father, and if
+ drsease did exist at what age this had occurred. An analy-
¥3s then made of the blood pressure and the lipoprotein
dts in the people who had recorded death in father or
iher of heart disease and compared with a1l other people in
_group under study.
‘ust, with respect to lipoprotein-Atherogenic Index find-
% @ compatison was made of those men whose fathers had
« of he:u} disease with those men whose fathers had died of
¥i§:}t]i“ d\;‘mse or who were still living at the time of the ex.
on. Far the 115 men whose fathers died of heart dis.

st, the average value for the Atherogenic Ind,

; £ ex was 768

nits. For all the temaining 735 men of this same age group

hose fathets had never had any known heart dlst;se the
3
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the broad mass of the population who develop premature heart
attacks themselves,

In a recent study by Dr. Menard Gertler and Dr. Paul Dud-
ley White of ninety-seven men who had had a héart attack be-
low the age of forty years, interviews were obtained with these
persons and with a series of matched control men who had not
had a heart attack. For the men who did have heatt attacks
below the age of forty years it was found that 45 per cent of
their parents were still alive at the time of questioning; for the
men of the same age without heart disease 59 per cent of the
parents were still alive. This suggested that the mortality had
been higher among the parents of the patients with coronary
heart diseasc than among the controls. For the heart attack
group, of the parents who had died 65 per cent had died of dis-
eases of the heart or blood vessels, whereas for the control group
only 46 per cent of the parents who had died had died of such
diseases. The fathers of the patients with coronary heart disease
showed a larger proportion of deaths due to disease of the coro-
nary arteries (37 per cent) than did the fathers of the control
group (18.5 per cent). The evidence in this study was not defini-
tive with respect to the mothers. OF the coronary patients’
brothers and sisters, 28 per cent had died of diseases of the heart
or blood vessels; of the control group’s brothers and sisters only
8 per cent of those who had died had suffered from these dis-
orders. All of this suggests a higher rate of development of heat
disease in the relatives of the patients with coronary heart dis-
ease than in the relatives of the healthy subjects. These doctors
themselves pointed ount that such analysis is subject to some
type of error since it was only in retrospect that patients with
coronary heart disease were asked about the medical history of
their parents or brothers and sisters. If these patients were
unduly concerned about their own heart discase, they might
have tended to remember heart disease in their family better
or to have influenced their thinking about the cause of death
in their parents or relatives as being similar to their own dis-
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ease. Nevertheless, these items of evidence tzken together with
cthess io the medical literature do suggest strongly that “‘_“e
is a familial factor in coronaty heart disease for the population
at large as well as for the special families deseribed at the
beginning of this chapter. .

A more direct approach to this question, and one which
gets to the actual factors which we do know ate agsociated with
the occurrence of coronary heart attacks, is that of studying the
family history of persons in the population in relationship to
the factors of blood lipoproteins and blood p If the
lipoptoteins and the blood pressures are studied in a large
group of persons in the population (using a ressonable sam-
pling of the population), can it be demonstrated that either or
both of these factors may be different for persons with a family
history of heart attacks as compared with all other persons in
1his population? Precisely these questions have been asked and
have been answered in a large-scale study. A group of some
850 men were studied with tespect to lipoproteins and blood
pressure during a regular employment examination. Wholly
apart from the lipoprotein and blood pressure analysis, these
men were asked to fill out a questionnaire concerning the pres-
ence of heart disease m their mother or in their father, and if
Sl}th disease did exist at what age this had occurred. An analy-
SIS wag ghen made of the blood pressure and the lipoprotein
Tesults in the people who had recorded death in father or

mother of heart disease and compared with all other people in
the group under study.

. First, with vespect to lipoprotein-Atherogenic Index find-
‘dn‘iii a comvgari;un was made of those men whose fathers had
a; 11; heart disease with those men whose fathers had dicd of
" n);i: l'n dusease or who were still living at the time of the ex-
cns:.at;-.?.a ‘l;‘or the 115 men whose fathers died of heart dis-
s a;ragc value for the Atherogenic Index was 76.8

the remaming i
whote fothan 1o " 5:“}:;735 men of this same age group

d any known heart disease, the
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average value for the Atherogenic Index was 67.3 units. This iy ’
a striking difference in Atherogenic Index-value. A statish

test of this difference-reveals_that so large a difference could\’
have arisei by chance alone less than one time i one
thousand. Therefoie-it can be regarded as demonstrated with”
very considerable certainty that the blood ]ipoprotein§ and
Atherogenic Tndex values are higher, and appreciably 5o, in
those members of the population with a history of a father's
death of héart disease' than in those individuals who do not
have such a history in their fathers. . v

A similar type of study was made of the death in the moth- i
ers. While there was a smaller number of mothers who had
died of heart disease, the Atherogenic Index in their sons was \
agaid Slightly higher than for those men whose mothers did
ot have.a history of heart disease. This particular stody of
mothers docs not encompass sufficient numbers of cases t0
stand as a separate proof, although the direction of the effect
is the same as that for the case of those men whose fathers had
died of heart disease. In an entirely similar fashion the blood
pressures of those men whose fathers had died of heart dis
ease were compared with blood pressures of the remaining men
in the over-all group. It was found that the average blood pres-
sure in those men whose fathers had died of heart disease ¥35
72.5 units, whereas the average blood pressure for the overall
group was 68.5 units. The difference between these two may
appear to be 2 small value, but there is still only one chance in
forty that such a difference could have arisen by chance sam-
phing alone. This blood pressure effect is, however, not nearly
so large as is the effect of heart disease in the father on the lipo-
proteins in the sons.

In assessing the real significance of these findings it is im-
portant to point out that the true difference that must exist for
patients with a history of heart discase in their father versus
those without it must be even Jarger than the one report
here. This study was based simply upon the man’s statement
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that hus father did or did not die of heatt disease. Since indi-
viduals do not know accurately the type of heart disease that
their father may have had, it is quite likely that a T_"-‘mb“ of
men who Teported thewr father thad died of heart disease may
have had the father die of some form of heart disease olh.er
than the type we are Interested in, or even of some other 6.15-
ease. Al such errors in seporting would have tended to dimin-
ish the observed differences, but in spite of this a seally large
Aiference in Atherogemc Index values was still observed. There
is no known way 1 which reporting ertors could possibly have
intreased the observed differences. Hence, it can be stated
quite conclusively that m the population at large there s virtu-
ally cectmn alteration of one major factor, the lipoproteins in
the Blood, and probably a small alteration in the blood pres-
sure, both 1 the direction of an increased nsk of heart attacls,
if there has been a history of death of the father from heart
disease It would be expected, therefore, that in the population
at Jarge 2 family history of paternal heart dusease does indeed
mean a higher average nsk m the offspnng of death of heart
discase. These findings make more general the type of find-
ngs that were descnibed for the special families where there is
a very strong known disorder of the blood hipoproteins and
Atberogeme Index that can be inhented,

These findings are average findings arising from comparison
of 2 group of 115 men whose fathers did die of heart disease
with some 735 men whose fathers did not die of heart disease,
:‘: }’lle{::: ﬂax;: téonclusxor}s denved therefrom 'hnld on the aver-
t;h p point concerning the average has important conno-

ons for the reassurance of the person who does have a
patemnal tustory of heart disease, Such a person with a history
;f hcar: fhsc.xse 1 the father can have 2 hugh value for the
\5‘:}1;“’(:3“::;;13?‘:100% 3 moderate value, or even a low
occuronce of High v ) dithough there will be a greates
bt 3 igh values among those whose fathers have died

stase than 1 the group whose fathers have not died
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of heart disease. It does not follow by any means that everyone
\Yhose fa.ther has died of heart disease is characterized by the
lipoprotein abnormality that would suggest the higher risk of
heart attacks in him. Indeed, many such persons have quite
low risks of heart disease. On the other hand, there is a greater
clfzmce that a person whose fathes has died of heart disesse |
will have a higher lipoprotein and Atherogenic Index value
than the person whose father has not been afflicted with heart
disease. This important point must be borne in mind, for it
means that the individual whose father has died of heart dis-
ease need by no means assume that he carrics an increased
risk. Rather, he can find out if he carries such an increas

risk by knowing whether his own blood lipoproteins have of
have not been affected in an unfavorable direction. If the blood
level of his lipoproteins is higher than average, then he/may
be presumed to have to some extent the same type of defect
that his father must probably have had and hence caries an
increased risk of heart discase. However, if he is among the
many who have escaped this particular abnormality, there is no
reason to believe that simply the occurrence of a heart attack
in his father makes him more likely to have a heart attack than
anyone else. Indeed, individuals with a good famly history._:
(absence of heart disease) but who have high lipoprotein a\nd L
Atherogenic Index values would be more likely to have a h .
attack than he would. Similar considerations exist for the small\<
difference in the blood pressure between those whose fathers
have had a heart attack and those whose fathess have not. If
the individual whose father had heart disease escapes the
average effect of blood pressure elevation, he need have no
concern on this score of an increased risk of heart discase in
himself. The mechanism by which the blood lipoprotein level

is elevated in offspring of fathers who have had a heart attack

is not at all clear. It is clear that they do have higher average
Tipoprotein values, but whether this arises in the population at
Jarge by any sort of hereditary transmission or by some com-
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mon familial factor in the environment, suc\.x as d.ict, cam'\ot
be ascertzined at the present moment. This is an issue which
deserves intensive further study, . o
The precise quantitative extent to which a family history of
heart disease operates to predispose an individual to heart at-
tacks is not clear, It is, therefore, difficult to say whether the
findings of clevated average lipoprotein values and average
blood pressures in ofispring of fathers with heart disease ex-
plain all of the increased predisposition to heart attacks which
is presumed to exist. Undaubtedly, a very large part of any such
predisposition 15 explained by these findings and 1t may well
be that this is the entire explanation. The testing of any other
possibility would require demonstration that such another pos-
sibility bears any resemblance to reality. For example, it has
been suggested that perhaps the cotonary artery vessels in per-
sons with an extensive family hustory of heart disease are in
some way faulty, that perhaps there 15 an inherited abnormality
of the vessels This concept has never been proved, and there
exist 0o experimental observations known to the author to sub-
stantiate 1t, 1f such a defect in the arteries themselves does
exist, 1t remains within the realm of speculation for the mo-
ment and would require direct abservational proof to substanti-
ate it. On the other hand, it can now be regarded as well
substantisted that a primary factor associated with familial
heart disease is Atherogemic Index elevation in offspring and
] second'ary factor is a lesser elevation in blood pressure, De-
termimnation of whether ot not such a family predisposition
exsts in a particular offspring requires evaluation of the lipo-
protetr and blood pressure levels in that mdividual, If the
analyses are favorable, there would be no reason whatever for
o to "c‘ gloomy about the prospects of heart disease in him-
dise:::P y because of the unfavorable family history of heart



CHAPTER 9

Prediction of the Risk of Future
Heart Attacks

The prevention of premature heart attacks in the population
of the United States can be regarded as the major medical
problem of our era. How may we hope to go about preventing
a disease such as this? It was pointed out in the earlier discus-
sion that one of the major features surrounding the occurrence
of heart attacks is the suddenness of occurrence in individuals
who had considered themselves to be in excellent health up to
the moment of the attack. Application of any measures avail-
able now or that might be designed in the future to lower the
chance of a heart attack, or the risk of a heart attack, therefore
requires that some means be devised for idenhfying those per-
sons in need of such preventive measures well in advance of
the sudden occurrence of a heart attack.

Ideally, the type of information we would like to have would
be a knowledge many years in advance of just who is going to
have a heart attack and exactly when this is going to occur.
Such extremely precise foresight does not appear at the present
time to be within the scope of our knowledge, and it is doubt-
ful that it will be in the early foreseeable future. On the other
hand, a tremendous amount of information is at our disposal
at this time which would enable us to take large steps toward

this ideal goal.
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e it is not possible to state for an individual that
in'l:;h;'sv’l;hnumber of gays, weeks, mo'n!hs, or years he \}1“
definitely have a heart attack, it is pOSSlble,‘ wn‘d} information
already at our disposal, to state that one individnal may be
much less likely, say onethird as likely, as th? average to de-
velop 2 heart attack in some specified time pf:nod. Some other
individuals possess an average nsk of developing 2 heart attack.
For certain other individuals 1t can be stated that they may
be two, five, ten, twenty, or fifty times as likely as the average
person to develop 2 heart attack in some such specified hime
pentod as one year, five years, or ten years. . .

Once having characterized persons in terms of their relative
risk of having a heart attack mn the future, it is posuble to
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{or will be developed in the future) which would reduce the
nsk for someone who carries an inordimate risk of future heart
disease, it would be pertinent to identify those persons who
carry such a hugh risk so that such measures can be utihzed. In
this way a preventive hygiene would be recommended to those
persons who carry an extra risk of developing a heart attack in
the future.

Similarly, those persons who are known to show less than
the average risk of future heart discase could be told to forget
about the problem, since heart attacks are not likely to occur
1 them. In essence, this would all mean treatment in 2 pre-
Y-cnhve sense of a risk of future heart disease, instead of treat-
ing established heart disease (where treatment is so difficult).
For those persons known to have a higher-than-average risk of
2 heart a.tth in the future, say two, five, or ten times the
average tisk, preventive measures might be urgently advised to
Teduce \hfs tisk, Tt could be stated fanly that the person in-
;:"‘"d might have escaped having a heart attack even if he

ad not taken the Ppreventive measures involved, This is no
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doubt true. On the other hand, a large fraction of the popu-
Iation would view this problem otherwise. Their view would
be that if they are carrying an excessive risk of heart disease
and if by rather simple, safe measures there is a chance of
reducing this risk of future heart disease, they would prefer to
adopt the measures advised to reduce their risk even though
they might have escaped anyway. Undoubtedly this feeling
would be stronger the more excessive the risk they cary. This
problem may also be viewed in another light. If the risk for
all persons of a future heart attack were cut in half, even
though we do not know specifically which individuals are going
to have the heart attack, the number of persons having a heart
attack in any year in the United States would be correspond-
ingly reduced in half. This would be a monumental achieve:
ment in medicine. Even if our considerations were limited to
those who were known to be at least twice the average in their
risk of a future heart attack, we could, by reducing these risks
in half, cut down enormously the problem of coronary heart
disease. This is true since it is the persons with high risks who
comprise such a large proportion of the group that goes on to
develop premature heart attacks.

What information is required in the population at Jarge to
preselect those individuals with a high nsk of future heart
disease? The basic information with which to assign a risk of
future heart disease to any person is available to us from the
material which has already been described in previous chapters
in this book. It is simply a matter now of translating this in-
formation into risk calculations. Let us first turn our attention
to the messurement of the blood lipoproteins summarized in
the Atherogenic Index measurement. It has been shown by
large-scale studies of thousands of humans that the Atherogenic
JIndex in those individuals who go on to develop a heart attack
in a specified time period after study is higher than in the
individuals who remain in health in the same time period, An
understanding of the determination of the dsk that a particu-
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lar person will have a heart attack in the (u.ture by m‘wS\}XE-
ment of the lipoprotein-At} ic Tndex is y siun-
le, involving the most €] tary of arithmetic

F Let us supapose we start out with 10,000 healthy men at the
age of forty years and we want to know how some of the men
in this group compare with each other in the chance that they
will have a heart attack in a period of two years from the
present time. Let us suppose (for purposes of explaining the
arithmetic) that in a period of approximately two years 100 of
these men have a heart attack and that the remaining 9900 do
not. Let us suppose further that the lipoprotein-Atherogenic
Index measurement had been made at the outset in each of
the 10,000 men. From e with such ts in
over 25,000 individuals, we know for certain there will be some
who will be found to show low Atherogenic Index values, some
will be found to have intermediate values, and some will be
found to have very high values. Not only do we know this, but
we know quite precsely how many peaple will fall into each
wange of Atherogenic Index values. Listed below is the group
of 10,000 divided wnto ten categories, each containing 1000
men together with the range of Atherogenic Index values en-
countered in each category, from the lowest to the highest,

How 10,000 healthy men at age 43 years will be distributed
vhen the Atherogenic Index is determined (divided into

groups each comprising 1000 men)
Number of men R;ngt ulh Atherogenic Index valyes
ea

1090 (Lowest category) > mbzg ;T;qu‘ 1000 men
1003 {2nd category) 491055

1000 {31d category, 560 61

1000 (4th category 621067

1000 {Sth category) 81073

1000 {£th category) 74 :,75

1000 {abeategory) 791087

1000 15 m;ﬁm 81096

00 el 9710 108

10910 226

. L
The critical qiettion to ask is “How many of the 10p heart
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attack victims out of this original group of 10,000 healthy men
are going to come from those with high Atherogenic Index
values, from those with intermediate values, and from those
with low values?” This information is also available to us, from
previous studies which determined the Atherogenic Index val-
ues that will be encountered in heart attack patients, so we
can now list for the 100 heart attack victims how many of them
will be found with Atherogenic Index values within each of
the ten ranges of values that encompass the entire group of
10,000 men.

How 100 heart attack victims at age 45-47 years will be distributed

among the various Atherogenic Index ranges
Number of heart attack victims

Range of Atherog an each Atherogenic Index
Category Index values category
Lowest category 23 to 48 units 2
2nd category 49 to 55 units 3
3rd category 56 to 61 units 4
4th category 62 to 67 umts 5
Sth category 68 to 73 units 7
6th category 74 to 78 units 9
7th category 79 to 87 units 11
8th category 88 to 96 umts 14
9th category 97 to 108 units 18
Highest category 109 to 226 units 27

We see that out of 1000 men who have Atherogenic Index
values in the highest group we are going to have twenty-seven
cases of heart attacks. This can be descnbed as a heart attack
sate of 27 per 1000 per two-year penod. Now, if we consider
the group of 1000 men 1n the group with the lowest Athero-
genic Index values, we find two cases of heart attacks occurting
out of this group. This 15 a heart attack rate of 2 per 1000
per two-year period. We now have the heart attack rate for the
1000 men with the lowest range of Atherogenic Index values
and the corresponding heart attack rate for the 1000 men with
the highest range of Atherogemic Index values. Dividing the
second of these two numbers by the first gives the risk of the
high Atherggenic Index group of having a heart attack, com-
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pared with the low Atherogenic Index group, It s evident that
the 1000 men in the highest Atherogenic Index group have
13.5 times the risk, or are 13.5 times as likely to have a coro-
nary heart attack in the two-year period a5 the 1000 men in
the lowest Atherogenic Index group. By means of one simple
Blood mensurement we are thus able to pick out of a popula-
tion of healthy men one group of individuals who are more than
ten times as ikely to have a heart attack as another group.

Now we can go on with this type of simple arithmetic caleu-
fatton and Al 1n the heart attack risk for all the intermediate
groups in the tabile. I we consider one of the middle groups
{Group 5, with Atherogenic Index values between 68 and 73
units), we note seven men will have a heart attack out of this
group, a rate of 7 per 1000 per two-year period If we compare
this with the group of 1000 men lowest in Atherogenic Index
value, we see that there are 3,5 times as many heart attacks
per 1000 men, so the risk of being in the middle group is 3.5
times as much as the nsk of being in the lowest group. Simi-
larly, if we compare this middle group with the highest group
we see that the risk of a future heart attack in the highest
Atherofeme Index group is 2%, or sbout four times that of
the mddle group. This type of simple arithmetic and logic
can be extended to all the groups and will give s a table
ranking all the groups of men with respect to their risk of hav-
ing a heart attack in a specified time period. For convenience
(z}f‘ :213{1?;;\- :::etlhoew E:fups to each other we ‘can arbitrarily set
0 the e group as equal to 1 unit and_ then express

5XS 1m terms of some number of times the risk
;‘k;‘w lowest group. On this basis the group with the highest
; erogenic Index shows a value of 135, Proceeding similarly
::k?c;‘ Atherogenic Index group, we can construct a table of

d ralues ol compared with the lowest group set at 1,0
" ‘\;}E‘u‘zﬂt}? l\l'li table of telative risk of heart attacks fell us?
o yeons : at imply by a measurement of the blood made

n zdvance of the aceurrence of any of 1
attacks we can divide peopl B ot the heact
de people mto ten groups. Members of the

'
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A tabulation of the relative risk of future heart attacks for each
Atherogenic Index category when the lowest category’s risk

issetat LO
Range of Atherogenic Relative risk of future
Category Index values heart attacks
Lowest category 23 t0 48 units 10
2nd category 49 to 55 umts 1.5
3rd category 56 to 61 umits 20
4th category 62 to 67 units 25
Sth category 68 to 73 umts 35
Gth category 74 to 78 umts 4.5
7th category 79 to 87 nnits 55
8th category 88 to 96 unuts 7.0
9th category 97 to 108 units 950
Highest category 109 to 226 unts 135

highest group on this scale are going to have more heart attacks
in this time interval than will members of any of the lower
groups, and we can measure precisely how many more heart
attacks. This does not mean that absolutely no members of the
the lowest group could ever have a heart attack. Indeed, we
have seen that there is expected approximately two heart at-
tacks per thousand for this lowest group 1n a two-year period.
On the other hand, it also docs not mean that all members
of the highest groups will have a heart attack, but rather that
there will be many more of them having a heart attack than
members of the low groups. It is precisely this type of infor-
mation which we need to plan for the prevention of heart
attacks. For, without this kind of mformation, we would never
know who the likely candidates are for a heart attack and
hence who is in need of medical management with respect to
efforts to alter their risk in a more favorable direction.

So far we have only utilized the information from the lipo-
protein and Atherogenic Index measurements, representing the
first major factor in the development of heart attacks. But we
know (sce Chapter 7) that there is another major factor that
has been proved to be associated with increasing the future
likelihood of a heart attack, the average blpod pressure that
habituvally characterizes a person. Let us now do exactly the
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same thing for the blood pressure measurement as we did for
the hipoprotein-Atherogenic Index t and simply
rank people in terms of their measured blood pressure values,
1£ we dwide the origmal group of 10,000 men into subgroups
of 1000 each we have in the following table the ranges of blood
pressure that will encompass groups of 1000 each from the
Yowest pressures to the highest,

How 10,000 healthy men at age 45 years will be distributed
ing to blood pressure (Divided into
groups each comprising 1000 men)

Range of blood pressure values for

Number of men each subgroup of 1000 men
1000 (Lowest category) 4810 63 umits

1000 (2nd category) 6410 67 umts

1900 { 3ed category) 68 t0 69 uruts.

1000 Fﬂs eategory) 70to 71 vnts

1000 (5th category) 721074 umits

1000 (th category) 75 to 76 umits

1000 {7Tth category) 77 t0 78 units

1000 {Bth eategory) 79 to B0 units

1000 (9th category) 81 to 8BS units

1000 {Ehghest category) 860 110 nonts

We also know the distabution of blood pressures that will
occur tn the 100 men who go on to have a heart attack. These
are bsted below according to how maay of this 100 £a1l into
the various ranges of blood pressures, corresponding to those
for the subgroups of the origmal 10,000 men m the group.

How 100 heart attack victims will be distributed in the various

blood pressure categories
Number of heatt attack
Cl:l:so:y Range of blood pressures victims sn each ¢ategory
znda‘m:goq 48 to 63 umts 2
Ind tl‘bgory 61 to 67 umts 3
:r‘hna :gury 68 to 69 mts 4
s mtsmy 70to 71 umts 5
o ul‘B"‘Y 72to 74 umts 7
o E“S:W 75 to 76 umits 9
81 ué% Ty 77 to T8 umts 12
oMb uuﬂ“"‘l @ 79 to 80 units 13
“‘g‘m‘g;’! < 81 t0 85 nouty

8610110 nouts A



98 ‘What \We Do Know About Heart Attacks

If we now compare the highest category with the lowest
category we find that there are twenty-four cases of heart
attacks occurring in those with the highest blood pressures
whereas there are only two cases occurring in those with the
lowest blood pressures. In a completely similar manner we may
get the risk in any of the intermediate groups, and by setting
the risk for the lowest group equal to 1.0 we can construct a
table of relative risk for each blood pressure category.

Tabulation of the relative risk of future heart attacks for each
blood pressure category when the risk in the lowest
category is set at 1.0

Relative risk of future
Category Range of blood pressures heart attacks
Lowest category 48 to 63 umits L0
2nd category 64 to 67 units L5
3rd category 68 to 69 umits 20
4th category 70 to 71 umits 25
Sth category 72 to 74 umts 3.5
6th category 75 to 76 umts 4.5
7th category 77 to 78 umts 60
8th category 79 to 80 umts 7.5
9th category 81 to 85 umts 95
Highest category 86 to 110 units 120

Now we have two separate sets of information (the Athero-
genic Index information and the blood pressure information)
which give us a ranking of persons with respect to the nsk
of having a heart attack. If it had been true that the same
people who occupy the highest 10 per cent of the population
with respect to lipoproteins and Atherogenic Index had occu-
pied the highest 10 per cent of the population with respect
to blood pressure, and so on through each successively Jower
10 per cent, then the blood pressure story would be precisely
the same one told by the Atherogenic Index and we would
not need both sets of measurements. However, this is far from
the case. A person may have 2 high value of the Atherogenic
Index with either a high level of blood pressufé, an intermediate
Jevel of blood pressure, or a low level of blood pressure. There
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is practically o relationship between the two ‘measurements
themselves and hence they do provide different information.
- . | emn s ln hamcane bn arenov the lowest
) " yon
Y . [ oan
arbitrarily set this person on a scale at nsk of having a neart
attack equal to 10. Now let us consider another. person who
on the scale of Atherogenic Index falls into the highest 10 per
cent of the whole group. From the previous arithmetic we see
that on this basis alone he is 13.5 times as likely as the person
in the lowest group to have a heart attack in the twoyear
period following measurements. Let us assume further lh:ft he
occupies a position on the blood pressure scale in the middle
group (5th category); from the anthmetic in the table he has
a isk of 3.5 times that of those people in the lowest blood
pressure category. He is, from two essentially independent
sources, more hkely to develop a heart attack than a person in
the lowest category hoth of Atherogenic Index and of blood
pressure. The best approximate appraisal of his risk now is not
cither one alone but the two risks multiplied together. In other
words, his risk is 13.5 times 3.5, which gives us 47.3 times the
tisk of 3 person in the lowest blood pressure and Atherogenic
Index categones. This is the true risk because he is more likely
on the one ground and on the other ground, separately, to
develop a heart attack. In this way, using the Atherogenic In-
dex nsk and the blood pressure risk multiphed together to get
anet overall risk, one can compare and contrast individuals
with any blood pressute and any Atherogenic Index value and
place them on a combined scale of risk or likelihood of having
a heart ?ttack in a future period, such as the two-year period
under discussion.

. \V\.lh such information it is now possible to know who the
indwiduals are who are in very urgent need of medical atten-
tion with tespecEto reducing their risk. To be sure, the pres-
ence of a high risk does not necessarily mean that an individual
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is definitely going to have a heart attack in one week, one
montl, one year, or even twenty yesrs but it does mean, for
example, if his risk is ten times that of another individual, that
for every one out of a hundred of the individuals in the low-
sisk category who has a heart attack, there will be ten out of
a hundred who will have one in the risk category ten times as
high. Intclligent persons faced with this type of sitvation are
likely to say “If my risk is high, and even though I may stit
escape the disease, I would certainly like to lower my risk
provided this can be accomplished by safe, sensible hygienic
measures.” Again, if everyone in the high risk categories were
to lower his risk by half, then at any age we would have half
as many heart attacks as we now have. Until heart attacks can
be completely prevented, such a 50 per cent drop in the mor-
tality from this disease would certainly be highly welcome.

These facts of predictability of heart attacks in advance raise
certain questions. First, since the evidence has shown directly
that the predictability of heart attacks is at least good some
two to three years before its accurrence, one wonders if it is
possible to predict similarly such heart disease five, ten, fiftcen,
or even twenty years in advance of its occurrence? A second
question that is closely related to the first is that which asks
at what age it first becomes possible to obtain such predictive
information, For example, would 1t be worth while to study
the Atherogenic Index in children? If not, when should one
start considering the possibiity? A third question that comes
up is “Who in the population at large should be studied to
determine the possibility of an excessive nsk of heart discase
because of cither a high Atherogenic Index or high bleod
pressure?”

These are all thought-provoking questions and descrve case-
ful answer here. First, let us consider the guestion of how long
in advance it may be possible to use such predictive informa-
tion, with the secure knowledge already thit the information
is good for at least two or three years in advance of the occur-
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of a heart attack. For preventive medical purposes, the
;:;;eer \\: could identify anpindividual \vh‘o has an excessive
sisk of heart disease as a result of his 12pid development of
martowing of the coronary arteries, the sooner we can start to
intercept this process with measures directed toward preven-
tion. Hence it would be ideal if the predictive value of the
blood lipoprotein test or the blood pressure determination
existed many years in advance. .

1t will be noted that in order to do any predicting at all
we need to know the Atherogenic Index in the subje.cts. 'I:he
basis for prediction rests in the fact that people with high
wvalues have a highes risk of such heatt attacks in the future
than do people with low values. Quite cbviously, then, the only
point of concern to determine the period of effective advance
prediction is whether or not the people with high Atherogenic
Index values tend to stay high and those with low values tend
to stay low. If the high values stay high and the low values
Tow for a peried of five, ten, fifteen, or twenty years, prediction
is indeed possible a5 much as ten, fifteen, or twenty yeats in
advance of the occurrence of heart attacks. Measurements of
the lipoproteins and Atherogenic Index have only been made
over the past ten years, so that it is not yet possible to say
for a particular individual that his level would remain in the
same general range for 2 period longer than this simply because
10 measurements are available.

. Ho\m{ex, there is an indirect way of approaching this ques-
tion, which suggests very definitely that those who are high at
2 gen period in adult life tend to remain high throughout
33\11{ life The indicect evidence which we have that suggests
prediction is possible for periods as long as twenty years before
;lht occurrence of 2 ‘heart attack is as follows: Many persons
&‘;:’nze;;::“xﬁgx with respect to their blood lipoproteins and

at ane period and then studied again one,
o, thiee, or efen five years later, some as many as seven
ot eight years later, 1f we consider

he lipoproteins for such
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people—for example, at twenty-five years of age, studied again
at twenty-cight to thirty years of age; for those whose first study
was at thirty and second at thirty-threc to thirty-five; and so on
up through sixty-five—we find that in the main the persons
who ranked high at one of their examinations ranked high at
the next examination in terms of the Atherogenic Index value.
The persons who rank in the middle of the group tend to
remain in the middle of the group. The persons who rank in
the lowest part of the group tend to remain in the lowest part
of the group. Therefore, since for every age span of adult life
from twenty-five to sixty-five years we can prove that persons
tend to remain in the same ranking, it follows that any single
individual, on the average, would tend to remain in the same
ranking throughout his adult life.

There is, then, every reason to believe that the predictability
of risk of future heart attacks really extends not only for a
period of two to three years before the occurrence of a heart
attack but probably for as long as twenty to forty years of adult
life. The only reason why it is not possible to state the same
conclusion for persons well below twenty-five years of age is
that not enough blood studies have been done on youngsters
and teenagers with follow-up to determine their later values.
The Atherogenic Index values are quite low during this early
age period and start to rise steeply in the very late "teens and
in the twenties, especially in the male. The real rises occur some-
what later in life i the female. It does appear quite safe 1o
say that beyond the age of twenty-five 2 man has already identi-
fied himself as to whether he is going to be a high lipoprotein
cartier or a low one and remains so in general for the rest of
his life. Since the nsk of future heart attacks is higher the
higher the lipoprotein level, one can say that early in life adults
have become identified as those who carry 2 high risk of coro-
pary heart disease in a penod two, five, ten, fifteen, and twt:’nt'y
years in the futuze. Thus there is reason to believe that it 1s
possible to know the risk of persons not only shortly before 2
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heart attack, but a very long time in advance. This means tl}at
sisk can be determined early enough that something consutxcm{e
ina preventive semse can be plished. This long period in
advance of heart disease for which prediction is possible repre-
sents a golden opportunity in preventive medicine, for the
eatlier the process can be intercepted the more the risk can be
teduced 1 the person. The same type of general reasoning
would hold for ts of blood p 1£ elevated
blood pressure is found in a person even in the absence of any
other features of 111 health, the average msk of future heart
attack is ngher than if the blood pressure is low.

In the discussion above it was stated that in the main the
people with Ingh Atherogenic Index values tend to tetain high
values and the people with low levels tend to retain their low
values. The inference was made there that perhaps sonte people
mught have low values at one penod in hife, and ten years later
might ha‘ve high vatues. This deserves some explanation. The

values tend to re-
1 to retain their

. . Under these cir-
cumstances it would be expected that if the hpoprotein-

Atherogenic Index values are gh by the time the person
reaches the age of twenty-five, they will remain high. However,
we do find 3 certan number of individnals who have gone
along for years at a particwtar body weight, for example 140
pounds, and then because of a change of economic status start
fo eat more, especially of certamn types of foods (see Chapter
10} and may gain 30 or 40 pounds over a penod of years. Such

sndmaduals will, on the average, increase their lipoprotein 1

and ‘Alhttogemc Index values as a result of thif illx)cxeas:d ?;1;

;zxﬁtakeh ax:ld mncreased degree of overweight. Whereas they may

h:; ty:-‘ﬁ Al};emg,emc Index values in the low Tanges at age

P sim}:lc, lt)lty may show much higher values at age thirty-

i ¥ because of the fact that they have gained weight
cating so much more, However, such indinduals know
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that this is the case. This should create no real problem, for
if an individual finds that his lipoprotein value is very satis-
factory at one period in life and then eats more and gains
weight, he can expect that this value may become elevated as
a result of his overeating. This type of individual would have
to be rechecked again at his higher food intake and greater
weight in order to determine where he stands with respect to
future risk of heart disease. In the general case, involving an
individual who does not change his dietary habits, it would
hardly seem necessary in the light of the present facts to re-
check him any more than once in three to five years after the
age of twenty-five. Of course, the person who starts with a
very high Atherogenic Index value would undoubtedly require
more frequent rechecks during a program directed toward re-
duction of his values,

There is one other point that needs special mention. Eatlier,
special families were described characterized by extremely high
blood levels of certain of the important lipoprotein classes and
it was pointed out that the metabolic derangement which Jeads
such families to have such very high levels is an inherited
tendency. Yet the identity of such families in the population
at large is not known. What is most striking about these fami-
lies is the fact that when the tendency exists on the inherited
basis, not only do the adults show this elevation of certain of
the lipoproteins in the blood but children as young as three,
five, or ten years of age may show the same disorder. It is
especially the very youthful members of such families who are
of especial concern, since they start at a very early age nar-
rowing and hardening their coronary arteries at an excessive
rate, so that when they reach the twenties and thirties they are
already highly likely candidates for the occurrence of serious
and even fatal coronary heart attacks. It would therefore be
extremely important that at the earliest possible moment at
Jeast in these families even the children who are characterized
by such an abnommality of blood lipoproteins be identificd.
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This is no small problem in a country Yike the Ufﬁted S.tatcs.
since as many as .5 per cent to 1 per cent of the children in the
mation may be involved. Thus this may not bea problem of
just a few children in this country, but something c\oscr’to
between 100,000 and 500,000 children. They are the most im-
portant persons to consider, for they become the prime candi-
dates for coronary heart attacks at an early period of lite, when
we least like to tolerate the existence of coronary heart attacks.

There is, of course, 4 way of picking out these children who
should be identified as the carriers of a very high risk of future
coronary heart attacks. Let us assume that every adult above
the age of twenty-five years were to be studied with respect to
the lipoprotein content of the blood, which is a highly practi-
cal matter now with techniques that have been developed and
ate avalable to the public through physicians It would then
be known who the persons with the very high lipoprotein and
Atherogenic Index values are, and who thercfore might be
among those who have such high values on the basis of a
familal, hereditary disorder. Their children at any age, even
three to five years, deserve immediate evaluation to determine

whether they have inherited this disorder and already show the
}:gh propro}dn levels which might be in need of correction.

utte were has been a known history of abnormal blood lipo‘-
‘proteins, or a known Tustory of early heart attack in any mem-
ber of the family-as, for cxample, before the age of ffty
years—it would centainly be important that all members of the
family, adult or child, be i diately studied to det
whle\htr an inherited hipoprotein disorder exists.

t-'m:. :{m;:t \;\e overstressed that ic aim of an eatly determina.
BV :he:\::;ig;]c Ifndt:;;l is to] institute early preventive
X , for the earlier su i
stituted the greater the benefit that can be ::ki:;:ts:r;etso :rcecxx:e;
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that this is the case. This should create no real problem, for
if an individual finds that his lipoprotein value is very satis-
factory at one period in life and then eats more and gains
weight, he can expect that this value may become elevated as
a result of his overeating. This type of individual would have
to be rechecked again at his higher food intake and greater
weight in order to determine where he stands with respect to
future risk of heart disease. In the general case, involving an
individual who does not change his dietary habits, it would
hardly seem necessary in the light of the present facts to re-
check him any more than once in three to five years after the
age of twenty-five. OFf course, the person who starts with 3
very high Atherogenic Index value would undoubtedly require
more frequent rechecks during a program directed toward re-
duction of his values.

There is one other point that needs special mention. Earlicr,
special families were described characterized by extremely high
blood levels of certain of the important hpoprotein classes and
it was pointed out that the metabolic derangement which lcads
such families to have such very high levels is an inherited
tendency. Yet the identity of such familes in the population
at large is not known. What 1s most striking about these fami-
lies is the fact that when the tendency exists on the inherited
basis, not only do the adults show this elevation of certain of
the lipoproteins in the blood but chuldren as young as three,
five, or ten years of age may show the same disorder. It is
especially the very youthful members of such families who 21e
of especial concem, since they start at a very early age nar-
rowing and hardening their coronary arteries at an excessive
rate, so that when they reach the twenties and thirties they are
already highly likely candidates for the occurrence of serious
and even fatal coronary heart attacks. It would therefore be
extremely important that at the earliest possible moment at
least in these families even the children who are characterized
by such an abnormality of blood lipoproteins be identified.
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bers of the population and for those children in whom it is
indicated, and preventive measures will begin to be applied.
But this will require a considerable reoricntation in thinking
concerning the problem of heart disease. So much of the
thinking about heart disease hay been that it is a disease of
later years, a discase of aging, an inevitable disease. This has
increased the dificulty of reduction of these new findings to
simple terms and of explaming that the time to do something
about this so<alled disease of middle and later years is really
in the early years when the stage is being set for the ultimate
culmination in the form of a heart attack. The concept that
preventive medicine will in the future be the medicine of

choice for adults as well as for children wll take hold at some
point.



106 What We Do Know About Heart Attacks

to the individual. It undoubtedly occurs to the reader at this
point that if such predictability of the future risk of coronary
heart attacks is possible now by such a simple technique 25 2
blood examination, why is this not being done for everyone in
the population? We are accustomed to certain routine pro-
cedures, such as chest films to pick up early tuberculosis, or the
use of whooping cough vaccine for practically every chuld in the
population, or the mass inoculation of the population for
poliomyclitis. The answer to this question is that there gen
emlly exists a massive amount of inertia in instituting any such
procedure without a2 lapse of sometimes a quarter or half 2
century after the definitive proof is available that the proce-
dure would be useful. The only exception to this is when 2
powerful public-spirited organization decides that something
cught to be done about the problem and puts its power behind
overcoming the many and subtle sources of inertia that exst.
Since the finding that the blood lipaproteins will aid in predict-
ing the risk of future coronary heart attacks has only been
soldified through the study of massive groups of humans dus-
ing the past five years, the history of such medical matters in
the past would suggest that it would probably be asking too
much to cxpect broad application so soon.

Among the various forces of inertia is the simple problem of
disseminating the snformation both to the medical profession,
so that they will know what the facts really are, and to the
members of the public, so that they will be receptive to the
physician’s efforts to get them to understand these facts. Un-
fortunately, tus task alone takes a certain amount of time
unless one has available mass media of commumeation to fans
mit the information. It would indecd be unfortunate that 2
delay of twenty to twenty-five years should characterize this
step in preventive medicine as it has chamcterized and still
characterizes so many others. In time, that time depending
upon the manner in which the inertia can be overcome, such
blood analysis will become a standard routine for all adult mem-
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heart attacks. If diet does operate in some way to determine
a person's tisk of a heart attack, several major points will have
to be covered in order to determine whether or not dict brings
in a new factor or set of factors involved in the sisk of heatt
disease aver and above those which we have already considered.
The other possibility is that diet operates in some way to
affect ane of the factors which we have already shown to be
soludly linked with the development of hardening of the coro-
nary acteries and heart attacks. It will be recalled that the twa
factors we have already established as being linked to heart
attacks are (1) the level in the blood of certain classes of fatty
materials known as ipoproteins and (2) the level of the blood
pressure itself. Up to this point every additional factor associ-
2;: e‘;]:::‘;:?nd:z::: ié\imm whatever cviﬂ.cnce the association
: n e to an gnderstax:xdmg of how that new
actor affects either the blood lipaproteins ot the blood pres-
sursmt:.; ::;2 1::]!:: Diet will need to be cxamined in precisely this
e Evgphic evidence has been along these fines. In cer
ot o e o i’k isri'zmng cf‘lhc coronary artcns. is
Stites. I mvny . aves l? countries such as the United
el s heart attacks are appatently rela-
tively unusual, although the medical recording system for the
is far inferior to that which exists in a societygin which ed'em
<are is advanced. One of the examples is China, \v}cxerm'k x:ll
h“’“feP?rtcd that the oceurrence of hardenin, (;f th cE romary
arteries is much less frequent and severe th i }i %m‘my
States The oceurrence of heart attacks ‘:n “X‘) o mtc‘d
the Chinese. Another 2165 whers 5 x§lsm to e\fnusual in
been made 15 Olingwa, where D p n:: [ax Pbsewabons have
the 1990-1950 pered ) ¢ De. P, E. Steiner found during
v ering of the co‘:l:; ‘i: thaw:ms 'shov& ed much less hard.
Sng C;]’ o loner h‘?;:‘t a?t:cskt:};:: did people in the Umited
till another co !
on this pomnt js &“;I;g\ zf‘:;:ez‘il:\)ﬁremly good evidence exists
Y was noted that hardening of



CHAPTER 10

The Relationship of Diet to Heart Attacks

The general impression that the diet consumed by people has
a great deal to do with the danger of heart attacks is based
upon information that has been derived from a variety of
sources over a long period of years. Some of these suggestions
have come from observations of different ethnic groups
throughout the world who consume grossly different habitual
diets from our own. Others have come from observations of
the change in the heart attack rate which occurs in populations
subjected to severe privation, for example, during war ycars
when rations are limted. Still others have come from the
feeding of special diets to experimental animals. Most recently,
evidence has come from rather careful studies of diets in
normal, healthy humans in this country.

In the vast mass of information relating to the subject of
diet and the occurrence of heart attacks there exist a great deal
of loose interpretation, a great deal of false impression, and many
false conclusions. Yet, the very mass of the evidence itself sug-
gests that there must be some element of relationship between
diet and heart attacks. It 15 our purpose now to sort out this
information ta determine its real meaning for heart attacks and
to understand how diet operates, if indeed it does play a role,
in the development of hardening of the coronary arteries an
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o be far more prominent cavses of death than heart diseasc
imply because people are dying at an age, on the average, when
heatt disease in any country is relatively infrequent. Some fal-
lacious notions can arise in this way. However, in some of the

PR

old men in the United States (which 1s the appropnie ype
of companson to make), the heart attack death rate in terms of
numbers of attacks per thousand men per year is stll consider-
ably lower than in our own country.

Some of the critics are pronme to point out that when one
compares widely separated areas such as Ceylon or China with
the United States there are a multitude of factors, geographic,
chuatic, and enviconmental, which in a host of ways might
have a maor influence on a disease hke hardening of the coro-
nary artenes or heart attacks. Such critics feel 1t 15 unfair to
blame the difference in heart disease incidence on the diet con-
sumed by the people in such countries. However, this criticism,
too, 15 often unjustified For example, in Ceylon onc can say
that the chmate, the tal factors graphy, and

» 5608
weather must be precisely the same for the Ceylone;c natives

and for the Dutch burghers. Yet the Dutch burghers show an
incidence of heart attacks desenbed by Cullumbine to be simi-
las to that in theit countrymen in Holland, whereas the Ceylon-
ese show a very low incidence of heart disease, The onc point
he noted was that a considerably different duet is d

Y
by
the Dutch busghers and the Ceylonese, although both wese
living in the same geographic area

Still another criticism that has been raised concerns the
concept that 1t is the dietary fat that is the impostant itsue.

hale it is true that in som¢ e
t c of the a world w
Whle s t.h reas of the world where

frequent the dset does hay i

t k x ppen to be low in

i;t; ::hpag‘cu!at, animal fat, 1t has been pointed out by cntics

- m‘s‘ iet is low in many other nutrient features, such as jn
31 number of calones taken in Gaily by the average per-
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the coronary arteries was minimal among the native Ceylanese
and that heart attacks were indecd rare, but where it was also
noted by Dr. H. Cullumbine, who studied this question, that
the incidence of heart attacks increased as one went up the
economic scale. He found that the Dutch burghers who lived
in Ceylon did not show a very different heart attack sate from
that shown by the Dutch in Holland. The same was true about
incidence of hardening of the coronary atteries. It was early in
the course of studies such as these that the people who recorded
the obscrvations began to feel that there might be some re-
lationshup between the habitual diet consumed by individuals
1 these countries and the incidence of hardening of the coso-
nary artenes and occurrence rate of heart attacks.

One festure that appeared to weave promunently through
much of the evidence from vanous countries outside the
United States is that the amount of fat, and in particular fat of
animal origin, consumed by the individuals in these countries
svas markedly Jower than that consumed in the habitual Amer-
can diet. This led early to a suspicion that dietary fat, and in
particular dietary amimal fat, might in some way be involved
in increasing the average rate of development of hardemng of
the coronary arteries and in thus increasing the risk of heart
attacks. However, numerous cuticisms have been leveled against
the evidence, which is denved from a study of the incidence
of hardemng of the coronary arteries and heast attacks in widely
different and scparated populations throughout the world.
Some of these cnticisms are very abundantly jushified, othess
much less justified, since they tend to make light of the ey
dence altogether. Some of the criticisms deserve mention here,
Fivst, in some of the countries where the heart attack rate has
been reported to be low and where the dict deviates markedly
from our own, the life expectancy in general is known to be
much below that of our own country for a variety of reasons,
including parasitism and infectious disease. YWhen this is the
case, it 3s easily understandable that other diseases will appear
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» be far more prominent causes of death than heart diseas¢
nply because people are dying 3t an 3g¢, on the average, when
east dasease in any country is relatively infrequent. Some fal-
N o e in thie wav However. in some of the

nit one
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old men in the United States (which 15 the appropuate type
of comparison to make), the heart attack death rate in terms of
numbers of attacks per thousand men per year 15 still consider-
ably Tower than in our own country.

Some of the critics are proue to pomt out that when one
compares widely separated areas such as Ceylon or China with
the United States there are a multtude of factors, geographic,
chmatie, and environmental, which 1 a host of ways might
have a mayor influence on a disease like hardening of the coro-
nary artenes o heart attacks. Such critics feel it 15 unfair to
blame the diference m heart disease madence on the diet con-
sumed by the people n such countnes However, this criticism,
too, 15 often unjustified. For example, in Ceylon one can say
that the chimate, the environmental factors, geography, and
weather must be preciscly the same for the Ceylonese natives
E\h@ for the Dutch butghers Yet the Dutch burghers show an
;:ﬂdmcc of heart attacks described by Cullumbinc to be simi-

c to that in their countrymen in Holland, whereas the Ceylon-

ese show a very low inciden i i
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e it s the. dietary fat that is the important issue.
it 15 true that in some of the areas of the world where

heart attacks are
o i posci infrequent the diet does happen to be low in

, animal fat, 1t has bee iti

o tical i 8 n pointed out by critic:
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of calories taken in daily by the average per-
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son. Fusther, the body weight of the average individual varies
greatly from that for the average person in the United States.
These critics ask why one should single out the dictary fat in-
take as the crucial factor, This criticism cannot be completely
sefuted, for in some of the geographic areas under considera-
tion it is certainly true that there are numerous other factors
in the diet beyond that of the dietary fat intake which might
conceivably influence the development of heart disease.

Still another point of criticism is that the ethnic origin of
the individuals in some of these countries is considerably dif-
ferent from that of the peoples of the United States, and that
this factor must also be taken into account. At first this criti-
cism would seem valid, but on more careful examination its
validity is much weakened since it is now known that such
peoples as Japanese in the United States, consuming a dict like
that of non-Japanese m this country, show a heart attack rate
much closer to that for other inhabitants of the United States
than they do for Japanese in Japan, where the average diet
differs markedly from our own.

Another major source of the evidence concerning the rcla-
tionship of diet to heart attack rates is studies reported con-
cerning the incidence of heart disease during periods of prive-
tion, Such periods of privation, of course, occurred during and
after World Wars 1 and 11 in several countnes where valid
statistical information has been accumulated concerning the
incidence of heart attacks before, during, and after such periods
of privation. Thus, for example, in Norway the incidence of
heart attacks was compared in the years before 1942, from 1941
to 1945, and the following years. It was found that there was
a marked drop in the heart attack rate dunng the penod 1982
to 1945, During this interval of time, as a result of conditions
impased upon the Norwegians by the Germans, there was 2
marked reduction in the dictary intake of certain foods, in
particular, fat, Therefore many investigators of this problem
have considered that the evidence from a country such as Nor-

~
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way would imply that the dietary deprivation of certain f°°d.s’
particwlarly fatty foods, hiad Ted to 2 rathes abrupt change in
2 favorable direction in the heart attack rate.

Some of the critics of this type of information are quick to
point out that the consumption of shoe Jeathes probably de-
creased to about the same extent as did the consumption of
dietary fat and have asked why it is that the decrease in heart
attack rate was pot attributed to the decrease in wse of shoe
leather Viewed by itelf, such a criticism might not be regarded
as facettous, but there does exist a vast body of other evidence
concerning the dietary fat intake and heart attacks that would
male 1t unhikely that one should attribute the Norwegian evi-
dence to shoe leather usage.

In Germany after World War 1 and World War 11, it was
found that there was a distinct decreasc in heart attack rate
coincident with the deprivation of food, in particular, fatty
food. Agam, in the concentration camps in Germany, while it
was noted that there were many diseases rife among the in-
mates, the incidence of heart attacks was relatively low, again
associsted with a marked deprivation of food. Quite obviously,
one could bring up many other factors that accompany the
deprivation of food in countries during and after wattime and
argue that some of these other factors might be of equal impor-
tance to the food intake in determining the heart attack rate.
While some of these critiasms cannot be lightly disregarded,
the genenal pattemn from country to country has been that one
major factor that stands out in all cases is the relationship of .
food intake with the incidence of heart attacks.

. The upshot of all these caims and counterclaims concern-
ing diet and heart attacks is that such evidence by and of itself
::fl:c\!‘):glusxv?‘ In part such evidence is inconglusive becanse
o~ i”“‘e: ‘“F;.Sy of possible criticisms that can be leveled at
bc;:ms:iilg “;fffofr‘:n‘tl\t .‘\’ut:.geogx_aﬁmc o'bserYaﬁans and in part
con, 1 it by o ation itself is oftcr} subject to considerable

¥ cortect that certain aspects of the diet in
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various countries under various conditions had something to
do with heart attack rates, our objective could hardly be to
consider any of the evidence as definitive or final. Rather, we
should regard this evidence as suggestive of some areas worthy
of carcful investigation, What we must do under such circum-
stances is understand what diet has to do with heart attack
rates in our country under the conditions characteristic of our
usual living pattern.

In the last analysis, it is under these conditions that our heart
attacks are occurring and it is for Iife under these conditions
that we nced clearcut information concerning a possible role
of dietary factors in heart disease. There is, therefore, every
reason to study the possible influence of dietary factors upon
hardening of the coronary arteries and the occurrence of heart
attacks in this country under the conditions which currently
prevail. Before considering such studies it is pertinent to re-
view what most investigators have regarded as the mechanism
underlying the vanous geographic and privation relationships
of diet, hardening of the coronary arteries, and heart attacks.
In the several situations where restricted diet and a low inci-
dence of heart attacks have been linked, 1t was found that the
amount of certain fatty materials in the blood of people liviag
under these conditions was low Since the evidence is powerful
that the amount of certain of the fatty matenals in the blood
(see Chapter 3) is related to heart attacks, it has been belicved
that the lowered Ievel of fatty materials in the blood accounts
for the lowered heart attack incidence under these conditions.
Indeed, in esscntially all of the recent careful studies performed
on members of the population in our own country this same
general view concemning mechanism has also prevailed. Thus
most efforts to study the possible effect of diet upon heart at-
tack rate have focused on the issue of what diet does to the
amount in the blood of the various fatty materials, previously
described as lipoproteins (Chapter 3).
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Fortunately, we are now in a position to make rather defini-
\we statements concerning the role of diet in the development
of hardening of the coronary arteries and Of coronary heart
attacks. Carefully controlled ‘studies of the influence of diet
upon the amount of the various lipoproteins in blood have
been pesformed and have led to very clearcut, unequivocdl te-
sults. An understanding of these definitive results Tequires a
Titte further detailed connideration of the nature of these blood
Yipoproteins This is of importance because the dietary factors
that are operative appear to affect certain lipoproteins of the
blood in a manner different from the way in which they affect
othet lipoproteins of the blood.

Secondly, a major discovery has been that whereas certain
elements of the diet may affect one class of lipoproteins, other
clements of the diet {previously unsuspected) affect other
classes of Blood lipoproteins smportant in the development of
heart attacks. If we now recall briefly the various lipoproteins
that exist in the blood, especially those which are implicated
in heart disease, we will ber that the lipop occur
in the blood in various sizes, from small particles to very Jarge
ones. 'I:}lose that have been implicated in the development of
hardening of the coromary arteries and heart attacks are in two
T02jor groups, those known as the S, 0-20 hpoproteins (com-
prising some of the relatively small lipoproteins in the blood
o Compne o i e o e
§.0-20 clasp; butg shill ne :V h‘cl e mfmdemh“y Yarger than the
h 55 ot the argest lipoproteins 1 the blaod),

ese two major classes of lipoprotems are of distinct impor-
gnm\ for the development of heart disease, a fact that has been
lﬁ;\l‘fﬂcﬁhﬁ the human population in the United States.

ipoproteins in the blood which are of conse-
t}gl:{\cc for heart discase, any effect of diet upon heart disezse
12 its effect upon the blood must be analyzed mn terms of the

effect of various items of the diet on each of these important
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various countrics under various conditions had something to
do with heart attack rates, our objective could hardly be to
consider any of the evidence as definitive or final, Rather, we
should regard this evidence as suggestive of some areas worthy
of careful investigation, What we must do under such ciroum-
stances is understand what diet has to do with heartt attack
rates in our country under the conditions characteristic of our
uvsual living pattern,

In the Jast analysis, it is under these conditions that our heast
attacks are occurring and it is for life under these conditions
that we need clearcut information concerning a possible role
of dietary factors in heart disease. There is, therefore, every
reason to study the possible mfiuence of dictary factors upon
hardening of the coronary arteries and the occurrence of heart
attacks in this country under the conditions which currently
prevail. Before considering such studies it is pertinent to re-
view what most investigators have regarded as the mechanism
underlying the various geographic and privation relationships
of dict, hardening of the coronary asteries, and heart attack§.
In the scveral situations where restricted diet and a low inci-
dence of heart attacks have been hnked, it was found that the
amount of certain fatty materials in the blood of people living
under these conditions was low Since the evidence is powerful
that the amount of certain of the fatty materials in the blood
{sce Chapter 3) is related to heast attacks, it has been believed
that the lowered level of fatty materials 1n the blood accounts
for the lowered heart attack incidence under these conditions.
Indeed, in essentially all of the recent careful studies performed
on members of the population in our own country this same
general view concerning hanism has also prevailed. Thus
most efforts to study the possible effect of diet upon heart at-
tack rate have focused on the issue of what dict does to the
amount in the blood of the various fatty matexials, previously
described as lipoproteins {Chapter 3).
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ment the effect of animal fats upon the Sy 0-20 lipoproteins
must be explored further.

In some of the earlier work concerning this effect of fat of
animal origin upon the S, 0~20 lipoproteins it was found that,
when vegetable fat was added back to the diet as a replacement
for the animal fat, the levels of the lipoproteins in general
tended to rise toward the values that had existed when the
person was eating the full complement of animal fat. This led
early to the use of a diet restricted in fats both of vegetable
and animal origin, because it appeared that the vegetable fats
bad an effect very simflar to the animal fats. Thus the diets
commonly advised to reduce heart attack risk were essentially
diets low in total fat content. More recent discoveries in this
field have necessitated some modification of this conclusion.
These recent discoveries have also had a considerable favotable
influence on the satistaction afforded by diets that can be em-
\ﬂuycfl to achieve a Jowering of the levels of the S, 0-20 tipo-
proteing fox.purposes of attempting to prevent heart attacks.

Tu the original work on the effect of vegetable fats in raising
l_he 5: 0-20 lipoproteins back toward the values that had ex-
n[}:ed when the person was consuming a high animalfat dict,

‘; vanous vegetable fats were not distinguished from each
?iwi?c;n' the more recent work the vegetable fats have been
g s\;:lo tt:l?‘ major categories, those which have been
ana “un;\’;! V,l’cge(able fats and those which have been
Sstoncy. o d\?f{d vegetable fats. Or, in terms of their con-
e h:i'éened 1‘vxsmn has been in general into those which are
ol me vegetable fats and those which are cily or liguid.
A fg mmon examples of the hardened or saturated vege-
soh; ::Sczgilsuch substances as vegetable margarines and the
o rt)ali%ﬂy “5“ Sh{mt:mngs. Common examples of the liquid
sted o, st saturated oils are such oils as comn oil, cotton.
which a-u h“\y;r sced oil, peanut oil, and several other oils

quid at the wsual temperatures. What has been
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lipoprotein classes. Carcful experimental observations have
been made of the effect of various elements of the diet upon
both of these classes of lipoprotein substances.

Such carefully controlled studies of persons in the United
States over long periods of time where the diet is successively
altered from one composition to another have shown that the
amounts of the 5, 0~20 class of lipoproteins in the blood can
be raised, on the average, by increasing the dietary intake of
animal fats and can be lowered by decreasing the dietary in-
take of such anwmal fats. This conclusion was reached from
very carcful studies of several groups of humans by investigators
in widely separated areas. In some of the individuals studied,
the extent to which the lipoproteins of the S, 0~20 class were
elevated by an increase in their dietary intake of animal fats
was very great, and conversely the extent to which their lipo-
prateins of this class could be Jowered by lowering the intake
of dictary animal fat was very great. For other individuals such
effects were much smaller or nearly nonexistent. Therefore it is
not correct to make the generalization that, for all humans,
raising the intake of animal fat will raise the levels of lipopro-
teins in the blood or, for all humans, that lowering the habih{al
amount of animal fat consumed would lower these lipoprotein
levels. Rather, it is an average finding that the blood Jevel of
S, 0-20 Yipoproteins will sise or fall depending upon the animal
fat intake, with considerable variation from person to person
as to the magnitude of the effect. .

One of the most striking findings of this type of investiga:
tion in humans of the effect of animal fat in the diet upon the
Tipoproteins has been the fact that while the S, 0-20 lipapro-
teins are markedly affected by the dictary intake of amm.al fat,
the other major group of lipoproteins involved in heart disease,
the S, 20~400 lipoproteins, are hardly affected at all by the
dietary intake of animal fat. We shall return to dietary factors
that do influence the S; 20-400 lipoproteins, but for the mo-
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vegetable ofls increase palatability and satiety value of the diet
considerzbly over one low in all forms of fat. The average reader
of this bock is of course not a chemist and therefore may
-onder what is meant by the terms “saturated” and “unsatu
ated? fat, Since the need is great to differentiate the vegetable
atinto-the unsaturated futs and the satnrated fats, this ques-
ionGf the meaning of “saturated” must be answered here.

A fat is chemically composed of two major constituents in
dhemical jcombination. The first of these constituents is an
skeohol known as glycerine, the second one or another ot a

feies Q/f chemical substances known as fatty acids. The fatty
acids~ d of the el

: P ts carbon, hydrogen, and

‘qeygen. Thef may be thought of as long, chainkke molecules
“with the carbons linked to each other like a series of box cars
iFrom the sides of the carbon chain are arms attached to
hydrogen atoms. When the carbons of-this ¢hain in the fatty
aads are holding on to as much hydrogen as it is possible for

them to hald an to, they are said to be saturated with hydro-
gen, The fatty acids ase then known as saturated fatty acids, If
this fatty acid is then further hooked together wth glycerine
10 help form the fat itself, the fat is regarded a5 a saturated
fat simply because the carbon atoms of its fatty acids are hold-
ing on to all the hydrogen atoms possible for them.,

‘The amount of hydrogen hnked to the catbon of the fatty
4ad 15 2 quantity that varies. Thus the carbon atoms can hald
on to ther full complement of hydrogen and thus be fully
Sturated, or they can hold on to some lesser amount of hydre-
ge:é and be parhally saturated, or they can hold on to still less
h‘y rogen and be much less saturated {or more unsaturated). The
\ﬂcgetablc ails, such as corn ofl, cottonseed o1, olive oil, sun-

ower seed o, safffower seed ofl, peanut ofl, soya oil " d
variety of athers, hav in the e
Telding o to léss ﬂr much of the carbon in therr fatty acids
ve oty Yot “mcan the full amount of hydrogen. Hence

oils have unsat i Vi
them and a1e therefare 0 o Taews. av».,l.l.‘.as.e:i fatty acids within

P,
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found is that the solid vegetable fats, or the saturated varieties
{generally derived by hydrogenation of oils), behave/vc—& much
like animal sources of fat in their effect»uﬁm the S, 0-20
lipoproteins. However, the liquid, osufisaturated, vegetable oils
do not appear to have this unfavorable inflagnee of rising the
blood level of the S, 0-20 lipoproteins. Thus, if a group of
persons who have been consuming a fair amouht of animal fat
in their diet is placed for a period of weeks, nonths, o5 esen
longer upon a diet restrcted in all forms of fat /it is found that
their S, 0-20 lipoprotein levels will, on the average, fall quite

drastically to a much lower value. Then-if they are allowed to,

have vegetable oils of the unstfifated variely reintroduced into

their diet, even to the point where the t(\)}al\amount of fat they-

now get is equivalent to that they had previously consumed in
the form of animal fat, the S, 0-20 Iipopr&tein Tevels stall stay
down essentially as low as they would with no' fat added back
to the diet. In contrast to ths, if the fat of vegetable origm
added back to the diet is of the hardened, or saturated, varicty,
the blood levels of the S,-0=20"lipoptoteins rise back toward
the values (although not perhaps quite as high) that the in-
dividual had had while consuming the same quantity of animal
fat.
This explains why in the earliest work the varions vegetable
fats were all cansidered to have the unfavorable effect of rais-
ing the S; 0~20 Iipoproteins. For, when the vegetable fats were
added to the dict, they were added back in a mixed form, in-
cluding some of the saturated fats and some of the unsaturated
ones. But with the more recent findings that the more unsatu-
rated liquid vegetable ails have essentially no effect on the $x
0-20 lipoprotein levels, it appears that a person can keep bis
S, 0-20 tipoprotein levels low by restricting his ammal fats and
the solid or unsaturated type of vegetable fats while he con-
tinues to consume appreciable quantities of the liquid vegetable
oils. This makes adherence to a diet restricted in animal fats
a considerably easier and more pleasant task because the liquid
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There has been one major controversial issue involved in the
researches concerning the effect of various types of §a€urateti. and
unsaturated fats upon the blood lipoproteins. This 1s the issue
of whether the animal sources of fat, or the saturated fats, have
the effect of raising the blood hipoproteins, or whether the
liquid vegetable ails, or unsaturated ails, have the effect of
Towering the ipoproteins of the blood. This is a question that
is of fund 1 practical importance in applying all of this
information in the dietary approach to lowering the sisk of
heart dusease, Tf it were true that the vegetable oils provide
some beneficial substance capable of lowering the S, 020 lipo-
proteins, then one could go on eating all the animal fats {or
saturated fats) he desires and simply take a supplement of
vegetable ol along with them and still achieve a lowering of
the S, 0-20 lipoproteins On the other hand, if it is really true
that the animal fats have the cffect of mising the level of the
§; 0-20 Tipoproteins, one could not solve the problem in this
s:{nple manner, Rather, it would be essential to restrict the
diet 1n animal or saturated fat intake but to allow the use of
the hiquid vegetable oil freely. Many of the research workers in
this ield and many physicians have been extremely confused
by the evidence on this particular issue. At the present time
the most definitive evidence on this subject would indicate
that there must be something about the animal fats, or satu-
rated fats, which has the effect upon the bodily economy of
causing a rise in the §; 020 hipoprotein levels There is no
good endence, although some scattered possible bits of evi-
dence, which suggests that the vegetable ofls have, of them-
s\?“' the effect of lowering the S, 0-20 Yipoproteins. Primarily,
s T&:ﬁ;f}iﬁ‘ei ::at it ane remaoves fat from the dict to
S I oo ads the vit ctag‘sm?le lipaprotein levels are pbtained
St restrcting the ;g\ima\ :32; lefmc‘:: to the low fat diet while
beneficial, one would b i vectable oils were trily

020 Ypoprote ave expected that the level of the S;
ms would be much lower when one eats the
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happens that when the carbon atoms of the fatty acids are
holding on to less hydrogen than their full complement, the
fats which contain such fatty acids will tend to be liquid, or
oily, at usual room temperatures. This is the reason we refer to
them as liquid oils rather than as solid fats. However, when the
carbon atoms are fully saturated with hydrogen, there is a
tendency in general for the fat to be solid at room temperature,
Thus it can be quite readily understood that liquid oils of
vegetable origin can be converted to solid fats (as in the com-

* mercial production of solid shortenings) by the process known
as hydrogenation.

Hydrogenation is simply a chemical process for forcing the
carbon atoms to take up more hydrogen than they already have
and thus to drive them toward the point of being more fully
saturated, When they are in this more fully saturated form,
the fats which they comprise tend to be solid at room tempera-
ture. One of the hquid oils, coconut oil, is much more satu-
rated than many of the other well-known liquid oils, and this
is true in spite of the fact of its liquidity. Interestingly enough,
its greater saturation is accompamed by an action upon the
blood lipoproteins much more like that of fats of animal origin
than of the other liquid vegetable ails.

One other class of fats is common in the duet, the fats which
are derived from such marine ammals as fish. To a large extent
these fats are of the liquid, unsaturated varicty and behave with
respect to their effect on the S, 0-20 lipoproteins a5 do the
unsaturated vegetable oils rather than hke the solid, saturated
animal fats of dairy or meat ongin. Thus fish fat, even though
it is truly of “animal” origin, really should be classified for
purposes of effect upon S, 0-20 lipoproteins more on the basis
of its unsaturated character, and hence like the liquid, unsatu-
rated, vegetable oils. This is the one major exception to the
rule that animal sources of fat have the effect of mising the 5S¢
0-20 lipoprotein levels, since the marine animal fats do not
have this effect.

-
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the diet which might affect the S, 20-400 lipoproteins, since
they are at least as important for heart disease as are the S¢
0-20 Tipoproteins. The striking and rather uanpectcd observa-
tion in the light of knowledge up to this point h?s been l\}at
another major class of foodstuffs is very impor?nnt in determin-
wg what the level of the S, 20-400 lipoproteins wil be. That
class of foodstuffs is the great class known as the carbohydrates,
which oceur in Such wellknown substances as the sugass, the
starches, the grains, and in the vegetables of the diet, such as
‘beans, peas, and other vegetables. .
1t was found in carefully controlled studies of individuals on
various diets that when the carbohydeate ntake of the diet is
raised, the average level of the S, 20-400 lipoproteins is raised
100. When the amount of catbohydrates in the diet is again
reduced, the S, 20400 lipoprotein levels fall back to the previ-
ous values Furthermore, many individuals who are character-
ized habitually by some type of ertor in their metabolism that
makes thewr §; 20-400 hipoproteins habitually extremely high
will experience a marked reduction in the blood level of these
i pop when the carbohydrate intake is lowered. The cal-
ories lost through carbohydrate restriction can be regained by
use of vegetable oil. The crucial issue is in this instance the
semoval of some of the carbohydrates from the diet. Exactly
how carbohydrates, whach are not fatty at all, can have such a
profound influence upon the amounts of the fat-containing
blood hipoprotens is not at all clear at the present time. We
do know that the body is fully capable of converting catbo-
h)dme( substances to fatty matenals, which may well have
something to do with the mechanism by which the carbo.
Dydrates do rmse the level of the S, 20400 lipoproteins, At the
present moment, however, this is not supported as the opera-
uve ‘\!‘;fhmlsm by any solidly established scientific facts. What
S solidly established s that the S, 20400 Tipoprotein levels, on

the average, tan be raised by § i i
verage, y inceasing the dietary carbohy-
drate intale and can be lowered by decxgeasing it 7 i
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vegetable oils than when one eats no oil at all. Since this i
not the case, it would appear that the best evidence is that the
vegetable oils are without any effect and can be used frecly as
a substitute for animal fats without raising the S 020 lipopro-
tein levels. However, one could not anticipate going on using
all the animal, or saturated, fats one desises in the diet and
achieve any lipoprotein lowering by simply adding a supple-
ment of vegetable oils to this dict.

In the minds of some physicians and some nutritionists al-
most everything is snterpreted in terms of calories and of body
weight. Thus some of these physicians and nutritionists have
interpreted the effect on lipoproteins achieved by substitution
of vegetable oil for animal fat as duc to some loss of calories,
or loss of weight. This view is completely incorrect. Experi-
mental investigators in trying to elucidate this problem realized
that some Would confuse the 1ssue of calones with the issue of
what type of fat is eaten. Therefore, they specifically made
certain during the studies that the individuals consumed the
same number of calories at all times, but simply varied the
source of their fat while allowing the same total amount of fat
and the same total number of calorics. Hence the elevation of
S, 0~20 lipoproteins during consumption of animal sources of
fat is due to the kind of fat used rather than to the amount of
fat per se or rather, in any way, than to the number of calorics
in the diet per se. Calorie restriction will be considered below,
but, for the moment, it is important to stress that the differ-
ences described between consumption of animal and vegetable
fat have nothing whatever to do with the number of calories
in the diet.

It was pointed out above that the S, 0-20 lipaprotcins, one
of the major groups implicated in heart disease, are affected by
the origin, or type, of fat consumed. The §; 20-400 lipopro-
teins, during these same controlled experiments, were unaf-
fected by whether the fat was of animal or vegetable ongin.
Ve are, of cousse, just as intensely interested in the factors in
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the dret which might affect the S, 20-400 lipoproteins, since
they ate at least as important for heart disease as are the §¢
0-20 lipoproteins. The striking and rather unexpected observa-
tion in the light of knowledge up to this point has been that
another major class of foodstuffs is very important in determin-
ing what the level of the S, 20-400 lipoproteins will be. That
class of foodstuffs is the great class known as the carbolydrates,
which occur in such well- known substances as the sugars, the
starches, the grains, and m the vegetables of the diet, such as
beans, peas, and other vegetables.

It was found in carefully controlled studies of indiiduals on
various daets that when the carbohydrate intake of the diet is
rased, the average Jevel of the S, 20~400 lipoproteins is raised
too. When the amount of carbohydrates 1n the diet 15 again
teduced, the S, 20-400 Tipoprotein levels fall back to the previ-
ous values. Furthermore, many individuals who are character-
ized hatntually by some type of exror in their metabolsm that
makes their S, 20-400 hipoproteins habitually extremely high
:““ experience a marked reduction in the blood level of these
lipop when the carbohydrate intake is lowered The cal-
ories lost through carbohydrate restriction can be regained by
use of vegetable oil. The crucial issue is 1 this instance the
temoval of some of the carbohydrates from the diet. Exactly
how cathohydrates, which are not fatty at 2], can have such a
profound mfuence upon the amounts of the fat-containing

blood lipoprotemns is not at all ¢l i
t the present time. We
do know that the body is E?ﬂl ! capat g
« rerting .
hydwate substances tob Aernpdy by el o

3 fatty matenals, which may well have
;?r:l\ct:\mg to .do with the mechanism by whichy the carbo-
)ml:n:s do raise the level of the S, 20-400 lipoproteins. At the
‘:we m r:vn}cnt, however, this 1s not supported as the opera-
A xohd&f; ;‘;las‘;r‘{ 1;\)' gr}y solidly established scientific facts, What
the svege m\s ed is that the S, 20-100 Tipoprotemn levels, on

e n be raised by increasing the diet: -
deate intake and can be lowered by decxgensing i’: n carboly-
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These same lipoproteins are essentially unaffected, in the av-
erage case, by changing from animal to vegetable fats, This
information is extremely crucial, for in many individuals the
risk of coronary heart disease comes primarily from the S,
20-400 lipoproteins. For such individuals, any attempt to lower
heart attack risk by shifting from animal fat to vegetable fat
in the diet would be illogical. There would be no reason what-
ever to expect any benefits since one would be changing the
dict in 2 manner directed toward affccting the S, 0-20 lipopro-
teins, which is not the problem at hand for these persons. For
such individuals, the preventive effort would have to be di-
rected toward lowering the carhohydrate intake, which will, on
the average, reduce the S, 20~400 lipoprotein levels. With re-
spect to the effect of carbohydrates on the S; 20~400 lipopro-
teins, it is 2 matter of the amount of carbohydrates that is
caten rather than the total number of calories ingested. For
example, if one maintains individuals at exactly the same num-
ber of calories per day, so that they do not alter their weight
in any way, but takes out some of the carbohydrates in their
diet and replaces them by vegetable oil, one finds that the S, 20-
400 lipoprotein Jevels will fall. Achievement of this result of
lowering the 8, 20-400 lipoproteins requires ncither any altera-
tion in caloric intake nor any alteration in body weight.

In the discussion of overweight and heart attacks (Chapter
6) it was pointed out that the major way in which overweight
becomes associated with increased heart attack risk is through
the association of overweight with elevation of the blood lipo-
protein levels, and hence of the Atherogenic Index values. In
some overweight persons this elevation is in the S; 0-20 lipo-
protein levels, in others the elevation is in the S, 20-400 lipo-
proteins, and in still others the elevation is in the Tevel of both
classes of lipoproteins. The overweight person achieves this
state by overeating. In this overeating he (or she) may consume
an excess of animal, or saturated, fat or an excess of carbohy-
drates, or of both types of foodstuffs. If the excess is in animal-
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fat consumption, the major effect on lipoproteins will be on
the 5, 0-20 class, T the excess is in carbohydrate consumption,
the major effect on lipoproteins will be an the S, 20-400 class.
Wheu the overweight person loses weight by calorie restriction,
there is a reduction generally in animal fat intake, iff carbo-
hydrate intake, or in both. It is mast likely that the lipoprotein
level lowering which such persons experience by correction of
overweight is the result of a decreased animalfat intake or a
decreased carbohydrate intake rather than any specific effect of
areduced number of calories in the diet.



CHAPTER 11

Relationship of Cigarette Smoking
to Heart Attdcks

Physicians have long been in the habit of advising patients with
a history of a heart attack to cut down on cigarette smoking if
they have previously been smokers, especially if they have been
heavy smokers. Thus, in a gencral way, there must have been
an impression that m some way cigarette smoking is unfavor-
able with respect to this form of heart disease. However, such
advice given to persons who have already had one or more
heart attacks may be because of adverse effects anticipated
when obvious heart disease is already present. What is of much
greater interest is whether or not cigarette smoking is associated
with any increase in the tendency to develop heart attacks in
persons who have never had one before, Here physicians have,
in the past, been less definite, some feeling that cigarette
smoking is associated with an excessive risk of future heart
attacks, while others were not convinced that this was the case.
From what we might call “general experience” there was no
clear<cut case either way with regard to cigarette smoking and
the risk of future heart attacks.

How does one go about determining whether cigarette smok-
ing is or is mot truly associated with an excessive nsL of heart
dxscase? Several possible approaches exist, and evidence has
now been obtained from careful scientific observation in dif-

126
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ferent ways which clearly does associate cigarette smoking with
a prcdisposiﬁon to heart attacks. .

First we may consider the evidence derived hom. the study
of persons who have had a heatt attack, compared with persons
otherwise altke (same age, sex, ete.) who have ot yet had any
evidence of coronary heart disease. Such a study was made
carefully on approximately 100 men who had had a heart at-
tack below the age of forty years compared with healthy men
by Drs. Gentler and White. They questioned both groups
about their smoking habits. While it was fgund that bath
groups smoked cigatcttes to some extent, two facts become
cleatly endent from these studies:

1. The average number of cigarettes habitually smoked per
day by the group of heart attack survivors was about 50 per
cent higher than the average number of cigarettes smoked pér
day by the healthy group.

2. There were approximately twice as many nonsmokers
among the healthy group as there were in the group of sur-
vivors of a heart attack.

These studues certainly show 2n association of smoking with
cotonary heart disease, at least within the linuts of a study
possible by questioning survivors of a heart attack. There are
good reasons for not beng satisfied with such evidence alone.
g:::tof\ t:;“‘,ﬂthng is a chance that the answers given by the
thei : n° SurIvoTS snay h‘f“, in part, been mflnenced by
to thu\: h:‘\::llx)‘a}?and thal: sx:xtokmg l—md in some way contributed
they may ha\;ée We?estie:xat:dm:}}c'i}j:\f‘;; s:c:mclucum:ikances
cigarettes. Furthermore, sice this type of stgudy “—jsu :fﬁ:; oﬁf
on survisors of a heatt attack, there are missng from the group

those persons who had had a h 3
Surised (o be able fe ape 4 heart attack but who had net

urved nswer questions concerming their smok-

\‘:,ﬁ \mbc\::i Tt conceivable that this may in sotgne way have

andu'm the conc]us.xon that smoking was more prevalent
In greater amount in persons wath a heast attack.



128 What We Do Know About Heart Attacks

Such evidence, while probably highly indicative, is incon-
clusive. This brings up the other approach, a far more satis-
factory one—a determination of the smoking habits of a large
number of persons, preferably tens or hundreds of thousands,
at a time when they are healthy, and without any overt evi-
dence of coronary heart disease. Out of such a group there will,
with passage of time, grow a number of cases of heart attacks,
some surviving, others not. For these cases of heart attacks, the
smoking history will have been known in advance of the heart
attack, and hence be uninfluenced by whether or not the per-
son survives the heart attack or by any of his own views con-
cerning the relationship of heart attacks to smoking. In such
a study the speed with which one obtains a definitive answer
is determined by the number of subjects in the study. The
larger the number of healthy people questioned concerning
smoking habits, the sooner will there be a sufficient number
of heart attacks for the evidence to be analyzed to determine
whether or not smokers show a higher heart attack rate (or
risk) than do nonsmokers.

Fortunately, this study has been done on a very large scale,
with highly conclusive results. In a sense the study was not
done with this objective as a primary one, but rather because
of an interest in a possible relationship of cigarette smoking
with cancer of the lung. The American Cancer Society decided
to investigate the fate of smokers versus nonsmokers with re-
spect to lung cancer and at the same time with respect to a
variety of other disorders, including coronary heart attacks For
these purposes the field workers of the American Cancer Soci-
ety interviewed over 200,000 persons concerning their smoking
habits—that is, whether they smoked, what they smoked (ciga-
rettes. cigars, or pipes) and how much they smoked, on the
average. These findings were filed away, and then, of course,
during the ensuing months and years a number of heart attacks
occurred among the very large number of subjects interviewed.

The early findings of the follow-up period were published by
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r. E. Hummond and Dr. D. Hom of the Cancer Society in
354 Their results showed cleatly that men in their fities and
xties who were regular smokers of cigarettes developed ap-
roximately 1.5 to 2 times as many heart attacks per thousand
1en each year as did those men who had never smoked ciga-
ettes. This type of evidence, derived by questioning a large
ample of the population first and then cbsesving who there-
fter develops heart disease, is free of all the criticisms one
night have of asking questions of men who have survived one
or more heart attacks
The evidence presented by the Cancer Society hardly leaves

any toom for doubt or question concerning the fact that heavy

cigatette smoking is in some way assocated with an excessive
heart attack rate, There are some sources which have attempted
ta belittle these important tesults of the Cancer Society's study.

For example, 1t is stated that the proof of a higher heart attack
wte in aigarette smokers than 1 nonsmokers does not of itself
prove that cigarette smoking is one of the causes of heart at-
facks. The reasoning such crhics use is that possibly 2 certain
type of individual is prone to have heart attacks and at the
same time is the type of person who would take up the smok-
ng of cigarettes. 1t this were true, his proneness to heart at-
facks, it is argued, might still exist even if he had never taken
up Smﬂl}ng, or had given it up once he had become 2 smoker.
The validity of this possibality would not be denied by any
sound, scientific think ibili o o

( ntific thinker. Such a possibility always must be
considered in problems such as this, But it would be the most
glaring of ostrichheadan-thesand techniques to farget the
other possibility, which is at feast equally likely: that ci
smoking is one of the direct cause. P ot
s, s of increased heatt attack

In seientrfic medical problems s i
o kest whet robler uch as this, the first step is
smaking nn;l}e;:,; :ﬁ;ct\k‘so’lﬂv::ngs ar; related, such as cigarcite
first item causes the 36c<;nd (hes o .pmblems as whether the
e cigatette smoking cansing
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Such evidence, while probably highly indicative, is ncon-
clusive. This brings up the other approach, a far more satis-
factory one—a determination of the smoking habits of a large
number of persons, preferably tens or hundreds of thousands,
at a time when they are healthy, and without any overt evi-
dence of coronary heart disease. Out of such a group there will,
with passage of time, grow a number of cases of heart attacks,
some surviving, others not. For these cases of heart attacks, the
smoking history will have been known in advance of the heart
attack, and hence be uninfluenced by whether or not the per-
son survives the heart attack or by any of his own views con-
cerning the relationship of heart attacks to smoking. In such
a study the speed with which one obtains a definitive answer
is determined by the number of subjects in the study. The
larger the number of healthy people questioned concerning
smoking habits, the sooner will there be a sufficient number
of heart attacks for the cvidence to be analyzed to determine
whether or not smokers show a higher heart attack rate (or
tisk) than do nonsmokers.

Fortunately, this study has been done on a very large scale,
with highly conclusive results. In 2 sense the study was not
done with this objective as a primary one, but rather because
of an interest in 2 possible relationship of cigarette smoking
with cancer of the lung. The American Cancer Society decided
to investigate the fate of smokers versus nonsmokers with re-
spect to lung cancer and at the same time with respect to a
variety of other disorders, mcluding coronary heart attacks. Fo‘r
these purposes the field workers of the American Cancer Soci-
ety interviewed over 200,000 persons conceming their smoking
habits—that is, whether they smoked, what they smoked {ciga-
rettes, cigars, or pipes) and how much they smoked, on the
average. These findings were filed away, and then, of course,
during the ensuing months and years a number of heart a'nacl's
occurred among the very large number of subjects interviewed.

The carly findings of the follow-up period were published by
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cn now be answered from direct experimental measurements
on humans in a large population sample. For this stady 2200
consecutwe employed persons in apparently good health were
asked to 1l out a questionnaire concerning their smoking
Tabits at the time when they were undergoing 2 toutine medi-
¢l examination at their place of employment. These persons
had no 1dea why the questions were being asked or with what
other measurements the smoking history was going to be com-
pared. Hence there is essentially no chance that they would
have biased their replies in one direction or another. During
the medical jon blood p were d in
toutine fashion and a sample of blood was withdrawn for lipo-
protein analyns. When the questionnaire information was used
to dwvide the subjects into categories such as “Never Smoked,”
“Smoke Cagars and Prpes Only,” “Smoke Cigarettes” {this
was divided into subcategories depending upon the number of

cigarettes smoked per day), the following important facts be-
came clear:

L.Both for men and women, and at every age from twenty
fo sixty years, aigarette smokers showed a distinctly higher

l(ﬂt:l’ g:l (;ix;:zax:;:age, ?f‘ certain of the blood lipoprotein classes

P ) than did kers (those who
never smoked). These fiudings were consistént in each age
;fe%oéye studied, and the difference in average lipoprotein
mot y t:ten Ggarette smokers and nonsmokers was large
mﬁ‘;i that chancc_alone could not have explained the obser-
i rdst tven once in a thousand times. It can therefore be
\ngtzh o a:. safely proved that cigarette smoking is associated
et ;\:1 ion of certain of the blood lipoproteins that are re-
iy coronary artenal hardening and hence to heart attack
1“215‘1“\2;-\: ;mt' possible to prove that the average lipoprotein
both, from, L‘}") d}ﬁ'txent in t%\e smokers of pipes or cigars, or
—oes o e hpopm.tems in those persons who had never

3t 2l Why this dfference should exist between ciga.
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heart disease) or whether both items are caused by some third
factar (hese cigarette smoking and hemt disease both being
separate results of the metabolic makeup or personality makeup
of the individual) can be considered by appropriate further
studies. What is extremely important to realize is that the clear-
cut demonstration of an association between cigarette smoking
and coronary heart attacks is a monumental step forward in our
understanding. Even if cigarette smoking does not tusn out to
be an actual cavse of heart attacks, the information developed
would still be Jeading us to the identification of some factor in
the makeup of certain individuals that does lead them to an
inordinate susceptibility to heart attacks. Such a lead we can
hardly afford to ignore or overlook.

Knowing now that in seme way cigarctte smoking is asso-
ciated with an cxcessive risk of coronary heart attacks, we must
ask ourselves the question whether such an association repre-
sents wholly new information concerning heart attacks or
whether it is m some way a reflection of one of the prime
factors previously identified and shown to be associated with
increasing heart attack nsk. Let us recall that the two primary
factors identified as increasing heart disease nisk by increasing
hardening of the coronary arteries are (1) the amount in the
blood of certain hpoprotem substances and (2) the blood pres-
sure in the artenal system. Now we must determine whether
cigarette smoking 15 telated erther ta an increase in the average
amount of such hpoproteins in the blood or to an average in-
crease 1 the person’s blood pressure. If cigarette smoking is
associated with changes ether in the blood hipopratemns or the
blood pressure, 1t does not add a new primary factor in our
knowledge of heart attacks. If 1t is not associated with a change
either m the hpoprotems or in the blood pressure, migaretie
smoking would represent an additional factor which would re-
quire extensive pursuit and elucidation. .

These questions—whether cigarette smoking is associated
with any alteration in blood lipoproteins or blood pressure~
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admit that cigarette smokers do show the higher lipoprotein
values, on the average, but would say that possibly certain types
of people have some metabolic ot nervous factor that, on the
one hand, leads them to smoke cigarettes and, on the other
hand, to have high Blood levels of these particular lipoproteins.
One camnot deny that this interpretation is possible, but it is
hardly ikely in the face of all the evidence at hand. First of all,
it would require that the amount of “nervous tension”” that leads
to smoking half a package of cigarettes is only enough to raise
the lipoproteins half as much as that which leads to smoking
2 full package of cigarettes per day. Also, this concept would
tequire that when these persons quit smoking cigarettes theic
“nenvous tension” decreased enough to lower their lipoptotein
levels back to those of nonsmokers. Al of this is possible, but
not Iikely What is far more likely, in the author’s opinion, is
that agarette smoking somehow affects the control mecha-
nism in the body for the amount of S, 0-12 lipoproteins in the
blood, and the greater the cigarette consumption the more
the effect, and the higher the hpoprotem levels. The fact that
people who have stopped smoking showed the same lipoprotein
Tenels as those who never smoked suggests strongly that the
ellect of cigarette smoking on the control mechanism is re-
versible,
ing::irlx;tt;:: :il:kmo?‘}x: attention to the other major factor in
elationship of ¢ catt attacks, blood pressure. What is the
%6 T grid gatette smoking to }he blood pressure? Here
) the eﬁectﬂ;ca ﬂi:vaél‘able concerning two different points:
smokng m'ga:et:les aed o;d pressure during the act of actually
Yabital smokers ( :0 (2) the effect on the blood pressure of
actually § mpared with that of nonsmokess) not
o the act of smoking a cigarette.
habn some direct investigations of the blood pressure of some
ntual smokers during the a t of . N
Grace Reth found that, s th ct of smoking cigarettes, Dr.
\‘jfi“‘l'ﬂ’me the bas’c On‘ € average, the blt.)od pressure rose
¥ value of 69 points during the actual act
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rettes a3 a source of tobacco smoking and pipes or cigars is not
at all clear at prescnt. It may be related to a lesser intake of
tobacco in the pipe and cigar smokers than in the cigarette
smokers, or even to fillers in the cigarette or to some compo-
nent of the paper wrapping. It is of interest in this connection
that the Cancer Society study showed cigarette smokers to have
more heart attacks than cigar or pipe smokers.

3. It could be shown clearly and unequivocatly that those
persons who had once been smokers of cigarettes but who had
quit before the time they were studied showed no difference
in the amount of lipoproteins in their blood from persons wha
had never smoked. Therefore if we assume that when they had
been smokers of cigarettes they had the elevation in amount
of lipoproteins that smokers have, it follows that quitting
smoking has resulted in a reduchion of their lipoproteins back
to the value it would have been had they never smoked. The
indication, therefore, is extremely strong that no matter how
cigarette smoking comes to be associated wth elevation of the
amount of lipoproteins in the blood, 1t is possible to overcome
this elevation in the hpoproteins of the blood if one stops
smoking.

These striking findings show clearly that cigarette smoking
in some way is associated with a rise in the amount of certain
crucial bload hpoproteins that are themselves associated with
increasing the nsk of heart discasc. Therefore at Jeast part of
the effect observed by the Cancer Society study of increased
heart attack rates among cigarctte smokers can be explained by
the fact that cigarette smokers have higher lipoprotcin levels,
which would lead us to expect a higher heast attack rate. We
shall return to the issue of whether or not the effect of smoking
on blood lipoprotews accounts for only part of the overall
effect on heart attack nsk after the blood pressure factor is

considered. ‘ - .
There are some whgfvould immediately &"ny that smoking

cigarettes causes the tlood Yipoprotein elevatipn. They would
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than if the blood pressure is not elevated—this has been’ con-
clusively proved (see Chapter 7). But cigarette smoking ele-
vates blood pressure only while the cigarette is smoked and
for a short tme thereaf| pproximately five minutes). It
would be expected that the elevation of the pressure for part
of each day would have approximately a proporhionate effect
upon the heart attack risk. Thus, for example, if we consider a
man who smoles two packages of cigarettes per day (forty
cigarettes), he will have the smoking effect on blood pressure
for ten minutes for each cigarette, on the average, or a total of
400 minutes per day, whch is approximately seven hours out of
each twenty-fourhour day. If the average elevation of blood
pressure is 14 points for smoking cigarettes, then we could say
such 2 man has %, of 14, spread over the twenty-four hours,
Oran equivalent of 4 pomts of average increase in blood pres-
sute. From 1k caleulations relating blood pressure to heart
attacks, a 4-point elevation in blood pressure corresponds to

multiplying the heatt attack rate by 1.4 {a 40 t in-
cmse),o: the average. vl per e

But we must alko consider the effect of cigatette smoking in
‘;3‘““8 H\C. blood lipoproteins and Athcmg%mc Index, w}%ich
lffii::d}]’ tncreases the risk of future heart attacks. Risk caleu-
s show that thns effect of igarette smoking on Jipo-
Sizi:ms \:nuld itself multiply the heart attack rate by 1.5, on
cont ::2;:; for smokers of forty cigarettes per day (a 50 per
perday :)-rtThc overall effect of smoking forty cigarettes
maﬁoz 5 mfﬂ“.att?ck rate is obtamed, to a good first approxi-
eenio Tn di‘ “ﬁ iplying the blood pressure effect by the Athero-
Sy (two aceg ect: Therefore, smokers of forty cigarettes per
bet a!lal:ks as) would be expected to show 2.1 times as man
14). The o nonsmokers (obtained by multiplying 15 by
smoer of cer Society statistics show dicectly that regular
trman r O (OMY cigarettes per dav have annovimately 2.2

greement
valne of
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of smoking two cigarettes consecutively, a rise of 20 per cent
in the blood pressure. However, the pressure had returned to
the value it had before smoking the two cigarettes within five
minutes. It would appear clear, therefore, that while actually
smoking, the average smoker does experience a rise in blood
pressure, buf the effect wears off rapidly after the act of smok-
ing ceases. This is in good agreement with the measurements
of the blood pressures in smokers of cigarettes, compared with
that of nonsmokers, made on the individuals at a time they
were not actually in the act of smoking a cigarette (usvally at
least fifteen minutes after smoking the last cigarette). These
measurements of the blood pressure were made on the same
2200 consecutive employed persons who were studied for the
effect of cigarette smoking on the quantity of the blood lipo-
proteins. In this study, for every age group of men studied
from twenty to sixty years and for women in the age range
cighteen to thirty-nine years 1t was impossible to demonstrate
any difference whatever m the average blood pressure (while
not in the act of smoking) for heavy cigarette smokers from
that of those persons who had never smoked. This finding
would confirm the studies of smokers which show that the
effect of smoking on the blood pressure is over in approxi-
mately five minutes after the cigarette smoking ceases. Since
the large-scale study was done while the subjects were not
smoking, and at least fifteen minutes after the last cigarette, it
is not surprising that no effect was found of cigarette smoking
on blood pressure.

Thus, in summary we can say that (1) while actually smok-
ing cigarettes the blood pressure is raised on the average, :‘md
(2) during the period when the person is not actually smoking,
there is no effect of habitual smoking on the blood pressure.

How do we handle this informatior. with respect to the
smoking-blood pressure relationships to assess its role in the
development of heart attacks? We know that if the blood pres-
sure is elevated, the risk of future heart attacks is clearly higher



cHAPTER 12

Emotional Stress, Occupation, Physical
Activity, and Heart Attacks

We e said to hve in an age of socety’s bistory whese the
stresses upon man are greater than they ever wer¢ betore. Un-
doubtedly, people of many generations have been equally
certain that the stresses of “modern living” of their generation
were greater than they ever had been before or ever would be
agasin Whether we, in the twentieth century, are truly sub-
fected f0 emotional tension or stress by our pace of living that
exceeds anythung ever before known is very difficult to assess.
Primarily it 15 difficult to assess because there exists no good or
unwersally acceptable way even to approximate the degree of
emohional stress or tension a person i under over an average
hour, day, week, month, year, or hfetime. What Gne person
might consider 3 stressful situation another might thrive on
and consider relaxation. Certamly if any authorities on the
‘“blccf have told us how to measure emotional tension and
stress in each person, they have hidden the directions for such
::“xemen\s extremely well. As a result, the entire field of
\msli‘::ng the possible effects of ife stresses and emotional

on health or disease is a very muddy field, itself studded

wit} ini 3 .
sc_‘:‘mf’é’“‘mﬂ% emotions and other substitutions for vahd
1Re evaluabon Often an rimtninm fe oBored Hhab o cer
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2.2 for excessive heart attacks among heavy smokers is as-
toundingly close. Considering the experimental errors in both
measurements, it is entirely possible that the true agreement is
perfect, which would mean that the relationship of cigarette
smoking to excessive heart attack rate is wholly explained by
the higher blood lipoproteins and higher blood pressure in the
cigarette smokers. Certainly, if the effect is not wholly ex-
plained in this way, the greatest part of the effect is s0
explained. .
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heart attacks ate the fate of all executives and of hardly anyone
else. This 15 understandable, since the executive travels in a
world of other executives and would hardly be expected to
koow of premature heart attacks in labmcrs,.c}exks, or farmers.
Similacly, the busy physician sees other physicians having hc?rt
attacks, and because he is overburdened with a heavy practice
begins to feel sure that the “strain” of the practice and t.‘he
tesponsibility which goes with 1t must be the basis for “so
many” heart attacks among physicians. A large part of the
reason why so many groups come to feel that heart attacks are
50 frequent among their colleagues is that (1) they know their
colleagues, and (2) heart attacks do represent a very common
disease~indeed, the leading cause of death of men above thirty-
five years of age.

Tremendaus emotional pressure hies behind this desire to
blame on the stress and strain of modern life the occurrence of
heart attacks. In some quarters it is even dangerous to disagree
with this preconceved notion. At a recent medical meeting
attended by the author, one speaker, with much fervor, asked
the audience of doctors for a show of hands as to how many
thought the stress of modern living was the basis for heart
attacks, The enthusiastic show of many hands pleased the
speaher. One gained the impression that he thought this
proved the pornt, Unfortunately, however, nature does not
behave 10 2 manner to conform to a voting majority of those

who attend a medical meeting, and 1n matters such as science
a large voting majonty can

be wrong if emotions rather than
fact may be the basis for the position taken.

Bat, as with other aspects of the heart attack problem, one
cannot afford to overlook posibilities even where emotion
Tather than factua] ©xpenence may be the primary basis for the
endence. The old adage “Where there is smoke, there is fire”
!;scgtsc tlg behht.edcd, until enough real evidence can be gathered
e acctxl: nle ;\Sﬁ:ﬂ(s;c way or another. Let s, therefore, look
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ticular disease event in a person was caused by a stressful
situation. When that opinion is questioned because of inade-
quacy of the evidence, the reaction is that the person ques-
tioning the opinion “cannot tolerate this explanation” because
he himself is subjected to this same type of stress but does
not want to face it. With this type of answer to a question
concerning the method of establishing causes of disease, the
situation is hopeless for a really valid scientific or statistical
approach, since the approach itself is not admitted. Thus
circular reasoning, without supporting evidence, can go on ad
infinitum, never pravable, but always present to muddy any
real efforf to arive at the truth that may underlie such prob-
lems.

The problem of occurrence of coronary heart attacks is very
much in the current limelight of this area of concern over
emotional tension, hfe stress, and the pace of “modern living.”
First, it seems quite clear from the available statistics that
heart attacks have increased in frequency in the United States
and certain other Western countrics, such as Great Britain,
during the past half-century. This seems to be true, even nﬁpr
correcting for such factors as better diagnostic metho@s_ in
heart disease and for the fact that more people are now living
to the age range where heart attacks occur frequently. In{other
words, there does appear to have occurred a real increase in the
heart attack rate, especially in men, over this span of years. It
is only natural that many private theories will emerge concern-
ing the cause of this increase. o

Further, it is not unexpected, in an age of rapid scientific
and technological development, that the “increased pace of
living” should be blamed for the increase in heart .attacks,
especally since there is very liftle that is not being laid these
days at the door of “the stress of modemn life.” Thus, executives
of industry, hearing of or knowing of a fellow-executive of
their own or another corporation having had a heart attack at
forty-five years of age, soon begin to feel certain that premature
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heatt attacks are the fate of all executives and of hardly anyone
cke, This is understandable, since the executive travels in a
wodld of ofher executives and would hardly be expected to
Ynow of premature heart attacks in Jaborers, clerks, or farmers.
Similarly, the busy physician sees other physicians having heart
attacks, and because he is overburdened with a heavy practice
begins to feel sure that the “strain” of the practice and the
responsibility which goes with it must be the basis for “so
many" heart attacks among physicians. A large part of the
tezson why so many groups come to feel that heart attacks are
50 frequent among their colleagues is that (1) they know their
colleagues, and (2) heart attacks do yepresent a very common
giS&SC—mdced, the leading cause of death of men above thirty-
ive years of age.

Tremendous emotional pressure lies behind this desire to
blame on the stress and strain of modem hfe the occurrence of
hn.mt attacks In some quarters it is even dangerous to disagree
with this preconcewved notion. At a recent medical meeting
attended by the author, one speaker, with much fesvor, asked
the audience of doctors for a show of hands gs to how many
thought the stress of modern living was the basis for heart
attacks The enthusiastic show of many hands pleased the
speaker. One gained the impression that he thought this
l}’::}:nc‘i ::ea point. Unfortunately, howe‘{er, naSuxf: does not
o st mazater to conform to a voting majority of those

13 medical meeting, and m matters such as science
4 large voting majonty can be wrong if emotions rather than
fact mag be the basis for the position taken,

But, 13 with other aspects of the heagt a{tack problem, one
cannot afford to overlook possibilities even where ern;)ﬁnn
xether than factual expenence may be the primary basis for th
evidence, The old adage “Where there § kw Jor the
needs to'be heeded, 1] ey y lmxe 1‘:1 smoke, there is fire
10 decide the issuc one ug! cvidence can be gathered
e SO vay or another, Let us. therefore. look
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_One inroad on this problem can be made through some
direct studies of occupational categories in relation to heart
attack rate, If certain occupations are more stressful to an in-
dividual than others, and if we assume that such stress carries
over into the rest of the daily life of the individual concerned,
it should be possible to show that certain occupational cate-
gories have higher heart attack rates than others. Even if
occupations do show a difference, it would remain to be dem-
onstrated that the occupational stress was the factor, or even
one factor, involved in the difference. Nevertheless, the first
step is to determine whether or not a difference exists. Dr. |
N. Morris, in England, has interested himself in this problem
and has made some extremely interesting and pertinent obser-
vations. He pointed out, as have many others, that coronary
heart attacks are far more common in “highly civilized,” pros-
perous Western populations than among more primitive peoples
such as rural Guatemalans, Bantus in South Africa, Okinawans,
Ugandan natives, and others. He recognized the factor that
diets are grossly different for the inhabitants of prosperous
Western countries from those for the primitive peoples (see
Chapter 10), but raised the question as to whether multiple
other factors in the way of life for primitive peoples might
not be more important than their limited diets.

In some direct observations Morris showed, within London,
England (so that gross geographic differences do not openate),
that the drivers of buses showed a higher attack rate than did
the conductors of the same buses, even thongh they were in
comparable age brackets. He found, furthermore, that heart
attacks were of a more serious type in the bus drivers than 1w
the conductors. Realizing that this might be a rather special
group of persons, Morris extended his investigations to include
a varicty of other occupations, contrasting heart attack rates
in clerks and postmen, farmers and laborers in the city, general
practitioners and physicians who were specialists. The obse;l-va-
tions of Morris for a variety of occupational groups, in addition
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to his studies of the London transport worlers, shmx;d tl:z
following tesults, with the occupations ranked according
heart attack death rate.

Heart attack death rate versus occupational category (al

11 men
in the 45-64 year age group)
Heart attack deaths per
Oceupational category million people per year
Hmdmss:xs. ete. gg%
Makers of textile goods .
Typuts and other clerks (non-Civil Service) ;zg
Pitters mechames, toolmakess, etc. 500
Messenger and porters, ete. 130
Railway enpme dnvers 60
TFostmen and sorters 450
Boot and shoe makers, repawrers 0
Sinths and skilted forge makers 1%
Metal machumsts 90
Coal hewers and getters 2
‘Water transpart dock laborers 270
Caal mine workers below ground, except 230
hewersand getters

Other workers w bulding, ctc. 170
Agneultural gurdeners, laborers, etc.

The differences histed here 1n heart attack rate for the various
occupational categones n England are very large. Such dif-
ferences would be extremely unlikely to arise through meas-
urement errors, sampling erras, ar incoreect classification of
occupational groups. We can, with a very high degree of
assurance, consider that these differences in heart attack rate
are teal. At this point, though, facts cease to help us and in-
terpretation enters the picture. It becomes vital to understand
the possible basis for the observed differences in heart sttack
mtes in the varous occupational categories. Since so many
factors may differentiate both people and activities in various
occupational groups, it is evident that interpretation of the
sigmficance of the vanous possible factors is jnewitable, and
that such interpretation can to a large extent be shaded by
personal opinion on the part of the interpreter.

In his considerations of the higher heart attack rate among
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the London bus drivers than among the conductors, Mortis
has pointed out that the drivers, seated in their occupational
activity for some eight hours of every working day, have far
less physical activity at work than do the bus conductors. The
London buses are double-deckers and the conductors make
many trips per day up and down the stairs of these buses.
When he reviewed the extent of physical activity at work for
the many other occupational categories studied, Morris further
noted that in general the occupations associated with a high
degree of physical activity at work showed a lower heart attack
rate than did the occupations associated with a modest or low
degree of physical activity at work. The immediate and ap-
parently obvious conclusion that would be drawn from these
observations is that occupations requiring physical exertion
scem protective against heart attacks in contrast to those re-
quiring less physical exertion. Indeed, on other grounds, there
are many who voice the opinion that physical exercise is a
major protective influence aganst the occurrence of heart at-
tacks, a point by no means completely documented as yet.
Such comments concerning a possible effect of physical exer-
tion in protection against heart attacks may come as a surprise
to some. There exists 2 common impression that heart attacks
may be precipitated by unusual physical exertion, such as in
persons during or after shoveling snow following a heavy snow-
storm. Unusual physical exertion in one who is ordinanly seden-
tary may well be an unfavorable factor, but even m such a
case it is certain that extensive hardening of the coronary
arteries would already be present. Such excessive physical ex-
ertion is by no means a usual precipitating factor in occurrence
of heart attacks, for a large proportion of the attacks awakep
people out of their sleep after an apparently usual day of their
life.

But the physical-exertion explanation of these observations
is hardly the only one that has been advanced, or could be
advanced. Thus, for the case of the bus drivers versus the bus
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conductors, Morris himself has raised the question whethtl:r
other totally different explanations may 1ot be more x.msomb tc
than that of physical exertion. The drivers, he has pointed ou a
ate constantly 1 the midst of congested Londan tmfﬁc. an!
might be subjected to a great deal of mental and emotional
stress during each working day, a stress that may be regarded
25 Jess prevalent for the bus conductors. This difference in
mental or emotional stress, he has pointed out, deserves con-
sderation s an explanation for the difierence in heart attack
rates between drivers and conductors. Although the questior
of yust how stressful traffic is to a bus dnver has never beer
quantitated, it does seem intuitively possible that such stres
1s greater than 1t is for a conductor, This possible explanatior
for the observations cannot be ruled out summarily. On the
other hand, he indicated that the difference in heart attack
rates between clerks and postmen is not so readily blamed on
“abvious” stressful situations 1n their daily work life, nor can
obvios stress be the explanation for all the other occupational
differences.

One of the real dilemmas of a problem such as this arises out
of the difficulty of measuring stress in a clerk and in a post-
man No doubt with the knowledge that clerks have a higher
incidence of heart attacks than do postmen, those who lean
toward the concept that “emotional, mental, or life stress” is
important in development of heart attacks could readily de.
velop for us a beautiful case to demonstrate how stressful the
life of a clerk is, compared with that of a postman. The only
difficulty with this is that we can be seasonably certain that
if it had tumed out that the postmen had higher heart attack
rates than the clesks, these same authorities cotld have made
out an equally impressive case for the greater stresses of living
:;;h;goitmen l:h:m on the clerks. Such “ftting the facts”
e ot onn;:;-: is:;’e the \(acls need to be fitted will plague us
and Vb o 155U 25 long as the evaluation of emotional
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tative and objective. This in no way denies the possible im-
portance of the emotional stress of living, but simply points
up the fact that there is room for a large contribution to med;-
cal science in the form of at least a beginning of an approach
to real measurement in this particular field.

Even considerations of emotional stress and physical exertion
hardly end the significant possibilities for the explanation of
the differing heart attack rates observed among the different
occupational groups. There is the allimportant question of
what type of person chooses to go into a particular occupation.
It might not be unexpected that the type of person who be-
comes a clerk (together with his eating pattem, smoking hab-
its, and hereditary chemical makeup) may be very different
from the type of person who becomes a postman, a bus con-
ductor, or a laborer.

Some on of these factors (type of person, stress, or physical
activity) or one not yet mentioned may well be the basis for
the difference in heart attack rates observed among the various
occupational groups. Whichever one should tumn out to be
correct, there would immediately arise the question as to the
mechanism by which it operates. We know that two solidly
established factors exist in determining heart attack risk, the
amount in the blood of certain lipoproteins and the level of
the blood pressure. Does physical actwvity or emotional stress
or some such factor operate to alter the average amount of
Tipoproteins in the blood or to alter the average level of the
blood pressure in the person? If it does, we should not be at
all surprised to find a different heart attack rate in groups dif-
fering widely in ether emotional stress or physical activity.

1t has been long known to physiology and to medicine that
emotional stress and physical activities can have profound
effects upon the chemical and nervous systems of the body.
The existence of such chemical and nervous effects means it
would not be difficult to believe that the regulation either of
the Jevel of the amount of blood lipoproteins or of the blood



Emotional Stress, Occupation, Physical Activity and Heart Attacks 145

pressure would thereby be affected, This type of POSS“’““YF‘L‘;
be looked at dectly for various occupational groups, sxfl.‘
both the lipoprotein values and the blood pressures ate :.x\ml-
able for Jarge numbers of men in a variety of occupations

categories Such values me tabulated be.\mv., acmxdm'g, to oceu-
pational categories, from the large-scale petiodic mcdllcnl exami-
nations in one particalar mdustnal activity whese 3 wide variety
of occupations was represented. The advantage of studying a
single industrial activity is that ll the individuals concerned
Tave to a large extent a common environment at ngk, at 1'east
with respect to certain factors such as geographic location,
weather, and 2 host of others The various occup:mon.:\l cate-
gories are listed below in the order of those showing the
highest average Atherogenic Index values {which is the com-
bined measure of the blood hipoproteins) through successive
categones of Jower Atherogenic Index values, In some of the
occupational categones there were relatively small numbers of
peusons available for exammation, so that the average Athero-
genic Index value is not so well fixed as for occupational cate-
gones with latge numbers of persons examined. Therefore the
number of cases exammed will be tabulated, together with
comments concerning which differences in Atherogenic Index
between groups are sufficiently large that sampling alone is not
Iiely to account for the observed differences. Also, since the
average age of each occupational category was not identical, all
the values have been appropriately adjusted to the value for
the age of thirty-fve years. Only men are considered in this
tabulation.

In teviewing these Bndings it is mecessary to remember that
small differences in average Atherogenic Index values between
any two eccupational categories may be chance occumences,

espectally 3f the number of cases studied in one or anothes
occupational category is sm:

t all. But some of the differences
?I%:':d in the above tabylation are not small; they are startling,
is featvre can be underlined by noting that a eroun of in.
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Atherogenic Index (lipoprotein) values in

categories (listed from highest valu

Qccupational category

Openators of computers or
dupheating machines

Truck and bus drivers

Tool and die makers (machinists)

Fitemen

FPainters

Journeyman machinists

Laboratory technicians

Mathematicians

Carpenters

Mechanical technicians

Machunists and machinists® helpers

Welders

Junior and assistant executives

Engineers

Clerks

Dnftsmen

Electncians

Electronic technicians

Steambtters and boiler operators

Chemists

Physicists

Police officers

Operators of accelerator machines

Storchouse sorkers

Laborers

Custodians

Sheet metal norkers

Number of men
stuched
21

varions occupaional
es to lowest)

At erage Atberogenc
Fndex value {in units)
§0.6

dividuals with an average Atherogenic Index value of 75 units
will be expected, all other things being equal, to show about
two times as many heart attacks per one thousand men per
year as a group with an average Atherogenic Index of 55 units

Such differences among the occupational categories hsted
above are quite definitely real. For example, a compasison of
the tool and die maker machinists, a group which shows high
Atherogenic Index values, with the laborers or the cusmdxa'ns,
both of which groups show low Atherogenic Index values, in-
dicates that there s Jess than one chance iu a thousand that
the difference between the machinists and either of the two
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low groups could be the result of the sa.mpling alone. ’I;here-
fore we are very much assured that the differences m:i real.
Why some of the ph 1 duff . in A geni
Index exist between certain of these occupational categories is
qute suother matter, not so readily resolved 38 the Shscoycry
of the diff th lves. Ni possible exp lanation
come to mind, some of which may be subjected to direct test
and others of which would be difficult to test objectwvely th?:
presently available methods. An investigator such as Dr. Morris
could Jook at this tabulation of values and point out that two
groups who do a great deal of heavy physical work in their oc-
cupation, laborers and custodans, are near the bottom qf the
bst of Atherogemic Index values. This would be cox351§tcnt
with his finding that heavy physical labor is chatgctcnsh}: of
those occupations in which the heart attack rate is relatively

Tow

On the other hand, this aspect of the story certainly appears
to have some i i m it. For ple, tool and die

maker machnists would appear to have more physical activity
in their work than theoretical physicists, who work largely at a
desk with penail and paper. Out of the group of 217 physicists
there were forty-five clearly designated as theoretical physicists,
and their average Atherogeme Index was calculated to be 65.1
untts “This value of 65.1 is Jower than the 77.1 valne for the
tool and die maker machimsts. 1§ physical activity of occupa-
we would have expected a reversal
cism might be rmsed that a compari-
hysicists with respect to physical ac-
ecause other factors may differentiate
: ¢ appropriate comparison can be made
within the &roup of physicasts. It 15 extremely likely that there
1 mate physical activity at work for experimental physicists
than for theoretica) ph

tion were the crucial issue,
of these averages The crity
son of machimsts and pl
oty i work 15 unfaur
these tw.o groups A mor
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Atherogenic Index value of 65.1 units, whereas the remaining
172 physicists showed an average Atherogenic Index value of
68.3 units. Thus, if anything, the theoretical phsicists showed
slightly lower values than the others, a]thoug’l\ the physical-
activity concept would have led us_to-exbect them to show
higher values. ~ \

In summary, it can be said that while physical\activity of
occupation may in part account for the different AYherogenic
Index values among occupational categories, other faftors must
be operative which at times can overshadow this one.

Investigators who lean toward the concept that ‘emotiona
mental, or Jife stress explains the risk of heatt attacks wonl
undoubtedly be able to explain the differing Atherogénic Inde
averages among the occupational categories snutedms of th
stresses of the accupations. They might point out that toc
and die maker machinists, who are highly skilled workers witl
exacting demands in their work and with™g high order of e
sponsibility, would be expected 1o show higheraverage Atherc
genic Index values than would heavy laborerssor custodian
with lesser demands of an exacting_or responsibl type. Thi
seems quite straightforward, once one Kiidws-that-the tool anic
die makers do show higher Atherogenic Index values than d¢
the laborers and custodians. It would be much more convinc:
ing if one could rate such features as frustration, exacting de:
mands of the work, ambition, mental stress, and responsibility
on a measuring scale and then look at the rated categories to
see if the Atherogenic Index values fit,

Some preliminary tests of the concept of the effect of re-
sponsibility, demands, and stress have been made in the acco-
pational categories under study, and these certainly lend 1o
support to this theory. Taking several qeeupational categories
together, individuals have been selected out who are Ixsth' as
supervisors, foremen, or coordinatars, all of which are special-

responsibility positions. The average Atherogenic Index value
R LT TR Y i &R £ wmite sehile
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the average was 70.0 units. Thus, rather than showing highet
Atherogenic Index values, the supervisory pessonnel hada \:‘.ﬂuf
shghtly though not significantly Towes than the nonsupervisory
personnel in the same occupational categories. As another tes!
of the effect of responsibility of position, the entire group o«
engineers was divided into subgroups based upon theic profes-
sional ratings. Higher professional ratings are accompanied by
increased responsibility, démands, ‘and a higher income. After
ing for ttie effect of age in the various categories so that
the values are all comected to thisty-five years of age, no signifi-
ﬁndeﬁeférm: was found Yo exist'in the average Atherogenic
~Tfadex values for the engincess with the lowest professional
rabinaes Far Shaos acite * 1 Ay . P .

e fechnudues for \thcir.ehmaﬁom&xe any definitive answers
#n.be given'concerning the possible effects of these stresses
o0 Atheragenic Index yalues.

Thoen da et L1 T,
o

ssctilated 31 previous chapters as ‘being definitely,  impartant in
Setenmining the level of the Atherogenic Index, They are the
following:
L. The dietary habits of indviduals,
to the daily intakSof
rated vegetable fats,

e inc.idem?e of overweight, since it is clear that over-
ight is, on the average, associated with elevation of the
erogenic Index.
3 ’i}':xe cigarette smoking habit, since it has been clearly
Slx :ovgr‘ott}:rt fihe ?vmge h;av‘{\ cigarette smoker has higher
evels and a hi, Athi i
. than the nonsmoker, gher Athetogenic Indes value
is entiely possible that fucther studi i
« S es of the various
m?'mbm),gakggns may show significant differences in diet

especially with respect
tbohydrate or of animal and satn-
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weight, or smoking habits and that these differences may
account in part or completely for the observed differences in
Atherogenic Index. In any event, these three factors can be
tested objectively and without emotional or personal bias on
the part of the investigator secking an answer.

We may now tum our attention to the other major factor
in determimation of the risk of coronary heart attacks. Can
occupation have an effect of consequence on the blood pres-
sure? The same type of analysis of blood pressures for the
various occupational categories has been made as that for the
Atherogenic Index value. In the table below the average blood
pressure values for each of the occupational categories studied
are presented, listed from the highest values to the Jowest.

Blood pressure values in various occupmional categories {listed
from highest values to lowest)
Number of men Aserage blood

Occupatianal category studied pressure
Painters 13 754
Firemen 17 736
Clesks 20 733
Machinists and machinsts' helpers 57 733
Carpentess 20 729
Storehouse workers 31 718
Drattsmen 3] 75
Joumeyman machinists 70 74
Laboratory techaictans 40 .3
“Truck and bus dnvess 23 71.2
Tool and die malers {machimsts) 62 708
Chemists 70 707
Mathematicians 54 0.7
Jumor and assistant executives 58 706
erators of computers o1 duplicating machiaes 21 706
Electronic technicians 147 70.5
Physicists 217 wn4¢
Stesmbtters and boiler operatoss 23 702
Operators of aceelerator machines 62 702
Police officers &0 701
Mechantcal techmicians 80 700
Engmeers 244 699
Custodians 42 695
Electucians 41 69.5
e B a1
ctal workers 5
Sheet me # o

Welders
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Upon inspection of this table one is struck immediately by

the very small range exhibited by the average }ﬂood pressures
from the occupational categories with the highest recorded
averages to those with the lowest tecorded averages. Further-
more, at the two ends of the table where the high or low
values occur, we note that there are only small numbers of
cases. It would not be surpnsing that by chance sampling of
2 small group one could run into this amount of difference
from the highest group to the lowest. Careful statistical analy-
sis of these averages shows:

1, Even the highest average value, 75.4, for painters cannot
be proved to be significantly different fram the lowest
recorded average values, 66.0, for welders. Chance sam-
pling could account for this diference.

2. No pair of occupational groups can be proved to have
different average blood pressures.

3. No occupational category can be proved from this evi-
dence to have an average blood pressure different from
the group a5 a whole

There 15, therefore, a striking absence of any effect of occu-

pational category upon the Blood pressure. This will surely
prove disappointing to many who believe, without good evi-
dence, that occupational stress must surely affect the blood
pressure. Tt would certainly appear that among these twenty-
seven widely different occupational categories any diff in
occupational stress sufficient to affect blood pressure would
have tevedled itself. The possibility remains, of course, that
emobional or mental stresses in certain occupations as well as
in other facets of life might temporarily raise the blood pres-
sure and thus have 1 proportionate effect on heart attack sk,
but certarly occupati f 5, 2c 'nsk,
ey hpla on 135, from this evidence, not associated
2 any measurable sustained effects on the blood nrescnre
te . '
Ciais uatupations show
Index values, which would lead to an expectation of

appreciable differences in Alhcr;-é;.;;;
differing
Vel
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heart attack risks, While physical activity of occupation may
be one reason for such differences, it does not appear to be
an adequate explanation for all the differences. The explana-
tion of differing heart attack risks and Atherogenic Index val-
ues. for the varous occupations in terms of job stress, frustra-
tions, responsibility, or similar features cannot be supported
from any of the evidence developed. If emotional or life stress
is a factor in heart attack risks, it will probably require waiting
for some reasonable way to measure these stresses to prove
any real effect.
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Diabetes mellitus, comman] Tﬁﬁne/dt:s,imply as “diabekes'.'
or “sugar diabetes,” bas widely been considered to be associ-
ated with premature hardening of the arteries, coronary and
othe, 2nd with an excessive risk of heart attacks. Man.y state-
ments have been made that the discovery of msu}m as a
specrfic treatment for diabetes has almost wholly eliminated
fhe reason for anyone ever dying of diabetes itself, but that
such complications as hardening of the coronary arterdes and
prematuse heart attacks still exist in the diabetic patient in
spite of the widespread use of insulin, It would, of course, be
expected that didbetie persons, like other pessons in the popu-
Tation at large, showld develop coronary artery narrowing and
should have some heart attacks. It would not be expected that
the dhscovery of insulm should have removed from the dia-
betie all risk of the single most comman disease that kills adult
Amencans The real issue is whether diabetics today show a
Tugher incidence of heart attacks than do nondiabetics of the
same sex and age in the population.

That diabetics once had more hardening of the arteries and
more frequent heart attacls, during the preinsulin era, seems
to be reasonably well substantiated from a variety of sources of
evidence, That disbetics today have more hardening of the
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arteries and more frequent heart attacks is a2 much more diff-
cult point to establish. Thefe is great difficulty in establishing
the true status of diabetics today with respect to heart attacks.
First of all, there is the question of recognized and treated
diabetes versus unrecognized and untreated diabetes. This dis-
ease is estimated to exist in something over a million persons
in the United States who do not even know they are diabetics,
in spite of the ease with which the disease can be discovered
through very simple urine and blood tests. For these unrecog-
nized and untreated diabetics any predisposition to hardening
of the arteries that characterizes diabetes would still exist, for
they would not even have had an opportunity to benefit from
any effect that treatment may have in reduction of the rate of
hardening of the arteries and the risk of heart attacks. Even
if they finally are discovered and treated for their diabetes, they
may have spent years and even decades untreated, therefore
developing coronary artery hardening at the rate for untreated
diabetes. If, therefore, untreated diabetes does predispose to
heart attacks, it will not be surprising to see its effects even
during this insulin era. To be sure, it 1s not likely that a very
severe diabetic will go on for many years without discovery
and treatment simply because the severity of his illness would
force recognition, but many of the moderate cases can and do
escape notice.

Further difficulties cloud the true picture of the risk of coro-
nary heart disease in diabetics today. It is commonly forgotten
that insulin only came into use approximately thirty years ago,
and its acceptance and wide medical use were not instantaneous.
Therefore, during the past ten years diabetic patients who are
considered medically may have spent an appreciable part of
their Iife effectively in the premnsulin period. If, during that
part of their life, hardening of the arteries was proceeding at
an accelerated rate, 1t can be anticipated that some of the
results would be affecting the heart disease status of sixq- and
seventy-yearold diabetics of the past ten years, in spite of
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widespread current usage of insulin. Therefore, evidence pur-
porting to show that modem-day treatment of dibetes with
fosulin has not helped curb hardening of the arteries or has
Tot helped reduce the risk of heart disease is extremely suspect,
especially Mhen based on evidence concerning sixty- or seventy-
yearold#habetics over the past ten-year period. This is not just
2 hypothetical concern, since many of the published medical
teports concerning hardening of the artcries and heart disease
in duabetics have been based upon studies of seventy- and
cighty-year-old diabetics, which is even worse.
. Ancther common fallacy noted in statements concemning the
incidence of heart attacks in diabetics centers around failure
to secognize the effect of age itself, Dubetes of the usual form
is relatively more common in the middie and later years than
in the early years of life, although it may occur even in chil-
dren. As a tesult the average diabetic individual is older than
the average person 1 the population at large. Since heart at-
tacks increase in frequency with increasing age, this fact alone
would lead to a higher heart attack rate in the diabetic popu-
1(ahm\ than in the nondiabetic population. It is surprismgp hI:)w
sr:‘t)\i\clz:\ly this age factor is overlooked in writings on this
. With respect to the fully treated diabetic there is still ma-
jor cantroversy among eminent specialists in thns field as to
\}hcther the fully treated diabetic does or does not show an
I‘E:ig in visk of heart attacks. In those clinics where it iz
mtessivet:i ?fr;fu\ m;‘nagment of the di.abetics remaves the
p heart disease ascribed to diabetes, the opinion
18 frequently voiced that the reason for am exc::ss f; :
of heart attacks in diabetics 15 the inadequ:rte dey Eerecflumcy
ment ofthe diabetesitself. In those dlinics where k5 belies
h:is“;:led diabetics still carry an excessve risk of h;:veg
S\mpiy a:c‘;:g‘:;::; of h;art attacks i diabetics is xegatdz(i
For the diabetic pe:sz: a?ln:}c\ii“igpom“g Jhele paintof iew.
very far from an academic
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argument. He would like very much to know whether it is true
that diabetes per se, treated or untreated, predestines him to
an excessive risk of coronary heart attacks. An intelligent an-
swer to his question would start with consideration of the
problem of how diabetes might in any way have come to be
considered to be a discase predisposing to hardening of the
arteries and to heart attacks. Is it some new and unexplained
feature of diabetes itself that predisposes to heart disease or
may diabetes operate, as we have seen other states operate,
through an effect of elevation of the blood lipoproteins (and
hence the Atherogenic Index) or the blood pressure, or both?
These latter two factors we know to be the major independent
factors that truly are associated with increasing the rate of
hardening of the arteries and the risk of heart attacks, If dia-
betes should operate only through the lipoprotein elevation or
the blood pressure elevation or both, then an enormous load
could be taken off the mind of the members of our diabetic
population. No longer would the word diabetes carry the threat
to life of a possible premature heart attack. Replacing this
would be the easy task of measurement of the blood lipopro-
teins and blood pressure, If these two measurements were fa-
vorably low, the diabetic would then have no reason to feel that
he has any excessive risk of heart disease. Indeed, his risk
might be considerably lower than that for the average person
of the same age in the population at large. Many diabetic
persons do show low lipoprotein levels in the blood and normal
or low blood pressures. For them the issuc of whether the
diabetes jtself is an additional hazard with respect to heart
disease risk is paramount.

First, is diabetes in any way associated with elevation of
the lipoproteins or the Atherogenic Index? Here we must a.sk
“Diabetes in what phase?” before attempting to answer. Dia-
betes is a state which can vary in severity in a single person,
for a variety of reasons. When the severity of the diabetes
increases, as it may, for example, during infection, the diabetes
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i stid to be in a state of decontrol, If this decontrol Is not
caught early and treated adequately, it is a self-perpetuating
and selfaccelerating process. The person fnvolved can finally
pass into a state of coma. .
Many diabetic patients have been studied carefully during
periods of varying degrees of decontrol of their discase. Star-
tling and massive changes in the blood lipoproteins occur
during the decontrol phase of diabetes. Sometimes diabetics
g0 into this phase of decontsol and finally are brought into 2
fiospital in coma simply because 1t was not previously known
that they were diabetics or because it was not sealized that
they were slipping more and more into this decontrol phase.
All of this can happen in a period of a few days in some
cases. When diabetics in this severe decontrol phase with coma
are studed, it is found that many of them {the majority, in
fact) have extremely high Atherogenic Index values. In one
sugh patient the Atherogenic Index value reached over 800
uaits, campared with an average value of approximately 75
units in adult males of the population at large. Atherogenic
Index values of 200 or 300 are commonly encountered in dia-
betic patients during severe decontrol or during coma, Tt
should be clear that with such Atherogenic Index values the
nte of development of hardening of the coronary ateries
would be increased tremendously, There exists some special
evidence to indicate that this should be expected.
Some of the diabetics in the severe decontrol phase develop
3 orop of yellaw Jumps in their skin, known as xanthomas
t}’:‘:”:dylcn"w; oma, lump). When examined microscopically,
yellow Jumps are nioted to represent a fatty deposition in
\Vhe skin thfxt is Almost identical with the fatty deposition that
“h” prominent 2 feature of the hardening of arteries such as
the cotonary arteries. It 4 quite clear that th
ylow Yumps form i 5 o © reason these
d:cmm‘ml‘:s ™ in the skin of diabetics during the severe
Indes ml’s:ii :’S “31:‘:5 ;he blood frpoproteins and Atherogenic
ly elevated at such times. It would be
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argument. He would like very much to know whether it is true
that diabetes per se, treated or untreated, predestines him to
an excessive risk of coronary heart attacks. An intelligent an.
swer to his question would start with consideration of the
problem of how diabetes might in any way have come to be
considered to be a discase predisposing to hardening of the
arteries and to heart attacks. Is it some new and unexplained
feature of diabetes itself that predisposes to heart disease or
may diabetes operate, as we have seen other states operate,
through an effect of elevation of the blood lipoproteins (and
hence the Atherogenic Index) or the blood pressure, or both?
These latter two factors we know to be the major independent
factors that truly are associated with increasing the rate of
hardening of the arteries and the risk of heart attacks. If dia-
betes should operate only through the lipoprotein elevation or
the blood pressure elevation or both, then an enormous load
could be taken off the mind of the members of our diabetic
population. No longer would the word diabetes carry the threat
to life of a possible premature heart attack. Replacing this
would be the easy task of measurement of the blood lipopro-
teins and blood pressure. If these two measurements were fa-
vorably low, the diabetic would then have no reason to feel that
he has any excessive risk of heart disease. Indeed, his risk
might be considerably lower than that for the average person
of the same age in the population at large, Many diabetic
persans do show low Iipoprotein levels in the blood and normal
or low blood pressures. For them the issue of whether the
diabetes jtself is an additional hazard with respect to heart
disease risk is paramount.

First, is diabetes in any way associated with elevation of
the lipoproteins or the Atherogenic Index? Here we must ask
“Diabetes in what phase?” before attempting to answer. Dia-
betes is a state which can vary in severity in a single person,
for a variety of reasons. When the severity of the diabetes
increases, as it may, for example, Quring infection, the diabetes
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in duabetic persons during the preinsulin era, but this era is
fortunately now in the past. Diabetics by and large can be kept
out of severely decontrolled phases, especially if \he): are co-
operative in the management of their disease. An obvious and
sufficient reason for an excessive heart attack risk—the massive
Uipoprotein-Atherogenic Index elevation—now is vanishing.
Studhes of large numbers of diabetics who attend diabetic clin-
ics have been made in recent years and it has been found that
their Atherogenic Index values are only slightly elevated, on
the average, above those in the population at large. Many dia-
betics have even lower Atherogenic Index values during good
duabetic control than do many nondiabetics of the same age
and sex.

So far as the lipoprotein-Atherogenic Index factor is con-
cemed, diabetics need not in general be predisposed to heart
attacks 1 this era, What about other factors? It is common
knowledge 1n medicine that the usual form of disbetes which
s seen occurs in middle age in persons who are appreciably
overweight. A frequent accompaniment of the overweight and
the diabetes in such persons is an elevation of the blood
pressure

S}xch duabetics have two factors operative that would teod
to increase their risk of future coromary heart sttacks. First,
they are averweight and hence will show, on the average, an
elevation of the Atherogenic Index which is associated with
the overweight state in general. This elevation in Atherogenic
Index wal not be anywhere near so great as that which char-
ﬂc{;nzes the state of severe ciabetic decontrol.
oL e o bl 3 o
tisks of future heart ntte ;c&;‘fnm‘r‘y arterizl narcowing and ﬂ‘le
betes encountered no ::h ; :: the very common type of dia-
som 1 the quwe?‘h 3: ﬂ: ere are good and sufficient rea-
Elevation triag for a‘s t-Atherogenic Index-Blood Pressure
have Many of these m'ye:'{:iesswe e Sse rik they may

ght middle-aged diabetics find that
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anticipated that the coronary arteries would suffer excessive
fatty deposition also as a result of this enormous Atherogenic
Index elevation.

Fortunately, this entire process of massive elevation in lipo-
protein and Atherogenic Index values is reversible when the
diabetes is once again brought under control by medical meas-
ures, Repeatedly it has been found that when a comatose
diabetic is treated with standard medical methods the markedly
clevated Atherogenic Index begins almost immediately to de-
cline sharply, With each passing day the Atherogenic Index
falls further, until in 2 matter of a couple of weeks it may have
returned to a value not different from the average values seen
in nondiabetics. Even a value such as the Atherogenic Index
that reached 800 units during severe decontrol was found to
decline to below 100 as the diabetes responded to medical
treatment. In those cases in which the yellow lumps, or xantho-
mas, had formed while the Atherogenic Index was elevated,
it was noted that no further xanthomas developed when the
Atherogemc Index declined and, further, the xanthomas that
were present began to shrink in size and finally disappeared.

In the era before insulin was introduced into medical prac-
tice such episodes of severe diabetic decontrol were extremely
common and were difficult to treat medically. Many diabetics
died during such episodes of severe decontrol becanse no medr-
cal measures were effective. With the availability of insulin
this type of diabetic death has become relatively rare, and many
authorities feel such deaths should almost never occur now.

In the preinsulin era many diabetics were constantly in vary-
ing stages of decontrol. During such decontrol we can be sure
they were carrying extremely high Atherogenic Index values
in their blood, Therefore they undoubtedly were developing
hardening of the coronary arteries at a rapid rate. There s little
wander that heart attacks should have been quite prevalent in
the diabetic person of the preinsulin exa. Indeed, it swould be
much more surprising if heart attacks had not been excessive
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In summary, it can be stated that diabetes derives its asso-
ciahion with any excessive heart attack risk either from the
blood poprotein-Atherogenic Index elevation or the blood
pressure elevation frequently noted in overweight diabetics.
The Atherogenic Index elevation was undoubtedly appreciable
during the era before insulin was introduced into medicine,
because severe diabetic decontrol was then frequent. Now that
such decontrol is relatively rare, the marked elevations in
Atherogemc Index are infrequent and it would be expected
that heart attack frequency, when properly measured, will no
Tonger be as high as in the diabetics of the preinsulin era. No
good evidence exists that diabetes itself, associated with mod.
erate lipoprotein values and blood pressures, predisposes to any
excessive heart attack risk. Therefore it is ervoneous to assign
to 2 diabetic person an excessive tisk of heart attack simply
because he is a diabetic. The diabetic, like any other person,
@n know by Blood Yipoprotein analysis and blood pressure
measurement whether he carries any excessive risk of heart

distase Great numbers of diabetics do not have any excessive
nisk of beart attacks,
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their diabetes is brought under control without insulin, their
elevated blood pressures fall, and the Atherogenic Index de-
clines if they reduce their food intake and thus correct their
overweight,

In all of this discussion no mention has been made of some-
thing about diabetes itself which predisposes to an excessive
heart disease risk. The reason for this is that there exists no
valid scientific medical evidence that any such feature of dia-
betes per sc exists. The ways in which Atherogenic Index and
blood pressure elevation can alter the outlook of a diabetic
have been described. These phenomena are well documented.
But any statement that there exists some feature of diabetes
itself which creates an excessive risk of heart attacks, other than
through the blood lipoproteins and blood pressure, is simply
speculation with no valid evidence behind it. Recently pub-
lished evidence on the occurrence of heart attacks in diabetics
strangly supports the view that the blood lipoprotein elevation
when present is the prime factor in any excessive risk of heart
attacks in diabetics. In that study blood lipoproteins were
measured in over 500 diabetic patients in 2 clinic. During the
ensuing two to five years a certain number of these diabetic
patients suffered heart attacks. It was found that those diabetics
who did develop heart attacks had origmally had blood lipo-
protein elevations over those who did not develop heart at-
tacks. These elevations were comparable in extent to the blood
lipoprotein clevation observed in persons of the population at
large who develap heart attacks. If there had been some feature
of diabetes itself which predisposes to heart attacks, with some
diabetics having more of this feature than others, it would have
been expected that for a diabetic to develop a heart attack a
Jesser elevation of the blood lipoproteins would have becn ob-
served than is the case for nondiabetic persons. Since such was
not observed, this study of diabetics lends no support to the
concept that the diabetes per se predisposes the person to an
excessive risk of heart attacks.
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do with the information that is already at our disposal ta start !
preventing heart attacks now, or to treat them, if they have
dlready occurred, in the hope of minimizing the chance of a
second heatt attack?” In essence this amounts to asking how
we apply the fabulons knowledge that has been won by much
hard effort in research and medical practice over the past hun-
deed years. First, it can be stated that pitifully little is being
done today in a practical way, contrasted with what could be
done to cope with this major medical hazard of our time.

A real program for prevention of hieart attacks in the United
States on any reasonable seale involves two broad principles:
(1)the effective application of what we know now to the prob-
lem of prevention of heart attacks in our population, and (2)
the intiation of a yeally worthwhile and intensive effort to fill
some of the gaps in our knowledge which would make any
present program very much more effective.

The application of what we know now in
% the prevention of heart attacks

.ﬁnmary to any consideration of prevention of heart attacks
wil n‘i what we now know is the determination of who is in
need of preventive efforts, Tn reviewing the evidence concern-

ing the prediction of heart attacks, 1t h
we have no direct war by vl s o etic

ave 1 y of knowing by usual types of medical
in;‘ﬂ;r:tmnn whether or not a particular pexsm?’f Tisk of having
igh ¥ va:ta‘;‘k at Escme future time 1s low, intermediate, or
. o, for example, that a typical examinati

o ; J tmination as
et :‘)iiz i:‘y'ic_ct_nrs including an electrocardiogram, Wit[h
" safe
T ying
t‘x; " ..i prouuted 4 heart attack, Nn;xe of the usual ‘; m;l.
i N P " "
mgﬁ;‘;o;huc-rdand examination will tell us the crucial inefinr-

ing this person with the exception of one piece



CHAPTER 4

A Program for the Prevention
of Heart Attacks

In all the foregoing chaptess the various types of information
that we do have concerning heart attacks have been presented
and analyzed for the reader. It should be quite evident that
heart attacks no Jonger represent the mystery that they have
been purposted to represent in so many pronouncements by
both lay aud medical persons. A tremendous amount of in-
formation is available concerning heart sttacks. Furthermore,
such information has been woven together into a consistent
picture with valid, quantitative explanations for all the major
facts concerning heart attacks. These explanations relate all the
observed phenomena back to certzin measurable quantitics
with which we can deal confidently mm understanding the prob-
lem for each individual.

In the course of prescnting this information, some of the
features concerning heart attacks that still require fusther clarifi-
cation and understanding have also been pointed out so that
the reader can know where some loopholes still do exist in our
knowledge of the phenomenon of occurrence of heart attacks
in our population. It would be folly to state that everything is
known about heart attacks. This is definitely not the case. It is
equally foolish to deny that a tremendous amount is known.
Our task now is to consider such questions as “What can we
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Many men do not share the higher average risk of men in
general, Therefore we should use instead the direct evidence
which relates to heart attacks—the level of the blood lipopro-
teins and the level of the blood pressure. Since we cannot tell
smply by looking at any man or woman in the population
whether he or she is high in blood pressure ot high in lipopro-
tein level, the only way to know the answer is to examine that
partienlar man or woman to determine where he or she stands
on these measurements. No one in the population is exempt
from the possibility of having a high hipoprotein-Atherogenic
Index value in the blood or of having a high blood pressure.
‘This being the case, a really adequate program of prevention
of heart attacks means that every adult above the age of twenty-
five years deserves immediately ta be checked to determine
whether or not he falls into a category of a high tisk of future
coronary heart disease as a result of a high level of the lipo-
proteins 1n the bload or a high blood pressure, or both, There-
alter, on some periodic schedule such as every three to five
yeass, every person should be rechecked with regard to his
status concerning blood pressure and blood lipoproteins, to
ddcrmt_ne whether or not a favorable status originally deter-
sned is still bemg maintained. We know that, in the main,
2 favorable status will be maintamed unless the penson changes

grossly his dietary habits, 1 in wej
medical abnonn?\i a2 abetes melitos o am smhosume

: such as duabet i i
thyrod ghond m“ctgom habetes mellitus or an inadequate

sc:Is il}\‘y of this being done now? Not on anything like the
- e ; at it needs to bf. done, if we are to apply the informa-
n We now have to identification of those in need of pre-

vent
it :l::i:msures for heart attacks To be sure, it is being done
ot extent. The technical means for making the neces-

of the |
n he lipop of the blood and of th
m‘:’ﬁﬂlg&sn\nc are routine and available to every physician i:
sands of hc Facilities for such studies ar being used by thou-
Physicians for indwiduals in their medical practice.
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of cvidence, his blood pressure. This one feature can be de-
| tected in a routine clinical examination. If the blood pressure
" is high, we do know that the risk of heart attack is increased.
But this is only one facet of the story, and in general not the
most important one. The more important feature in determi-
nation of heart attack risk is the amount of certain fatty ma-
terials in the blood, known as lipoproteins, that amount being
ized in a ment called the Atherogenic Index.
All the evidence considered in this book—such as the greater
incidence of heart attacks in young men than young women,
the increasing frequency of heart attacks with increasing age,
the occurrence of heart attacks in persons who habitually con-
sume certain types of diets, the occurrence of heart attacks in
the overweight, the occurrence of excessive heart attacks in
cigarette smokers, the occurrence of excessive heart attacks in
certain families, the relationship of occupation to heart attacks,
the effects of life stresses—points to the crucial factors involved
Jbeing the amount of blood lipoprotens and the level of the
blood pressure. -
People with increased risks of heart attacks as a result of one
ar anather of a large variety of phenomena show such increased
risks because of either an indirect effect in elevating the amount
in the blood of certain of the lipoproteins, or an effect in the
elevation of the blood pressure, or in some combination of
both. It was shown clearly that the lipoproteins and the blood
pressure provide separate information, that both factors are
involved in heart disease risk, and that such risk can increase
because of unfavorable values of either of these factors or of
both. In some persons one factor is primarily involved, in other
persons the second factor is involved, and in still others both
are active. X
In a determination of who is in need of prevention and,

who can forget about the risk of future heart attacks,
such as

|
'

obviously, ut t r
we need not use any of the indirect weaker evidence,

the simple fact that the subject is 2 man rather than a woman.
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Many men do not share the higher average risk of men in
general, Therefore we should use instead the direct evidence
which relates to heart attacks~—the Jevel of the blood lipopro-
tems and the level of the blood pressure. Since we cannot tell
simply by looking at any man or woman in the population
whether he or she is high in blood pressure or high in lipopro-
tein Jevel, the only way to know the answer is to examine that
particular man or woman to determine where he or she stands
on these measurements. No one in the population is exempt
from the possibility of having a high lipoprotein-Atherogenic
Index value in the blood or of having a high blood pressure.
This being the case, a really adequate program of prevention
of heatt attacks means that every adult above the age of twenty-
five years deserves immeduately to be checked to determine
whether or not he falls into a category of a high risk of future
coronary heart disease as a result of a high level of the lipo-
Pproteins in the blood or a high blood pressure, or both. There-
after, on some periodic schedule such as every three to five
years, every person should be rechecked with regard to his
status concemming blood pressure and blood lipoproteins, to
determine whether or not a favorable status originally deter-

mined 15 still being mamtained. We know that, in the main,
2 favargble status wall be

le st maintained unless the person changes
fﬁgﬁ dietary habits, increases in weight, nrpdcvelops solgne
ical abno i i i

lhy[wid gland“fnuﬂ:gus:dl as diabetes mellitus or an inadequate
S any of this being done now? Not on anything like the
z&;lc ﬂy\at it needs to be done, if we are to app{; theg informa-
‘.c:h:\ee “\‘mw have to identification of those in need of pre-
ot mimmsmcs fot heart attacks, To be sure, it 15 being done
oy mens:x extent. The technical means for making the neces-
L Pm;emenls of the hipoproteins of the blood and of the
e T;’xrcfate.r?utme and available to every physician in
Pt hc facilities for such studies are being used by thou-
Phaysicians for individuals in their medical practice
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Such facilities are being used by certain of our large industrial
corporations in preventive medical checkups of their executives.
Such facilities are being used to check the blood of many
scientists and physicians who already understand the nature of
the evidence and want, for themselves at least, to utilize what
we know now in the effort to prevent heart disease. But these
facilities are not being used on the scale that they should be—
in checking every adult in the United States. Every adult is
potentially a candidate for an excessive risk of coronary heart
disease, and therefore every adult is in need of checking.

The reason for delay in doing precisely this is largely that
medicine has in general been oriented to the problem of treat-
ment, for adults at least, When a disease develops, the physi-
cian considers using the most efficacious means at his disposal
for treating the person with that disease. With heart attacks,
this approach is extremely late m the game. The real time for
treatment is in the very early stages, when the narrowing of
the coronary arteries begins and when it should properly be
intercepted. In this way the risk of a heart attack five, ten,
fifteen, or twenty years later can be avoided or at Jeast mini-
mized to a great extent. Industrial corporations recognize the
tremendous value of preventive medicine for their leading exec-
utives.

Numerous such organizations have begun to incorporate the
examination of the blood pressure and of the blood lipopro-
teins in an annual medical checkup of their top executives.
Their view is that by identifying those carrying an excessive risk
of heart disease, the major hazard to hfe in these individuals in
any event, they can institute measures designed to alter the
situation toward a more favorable outlook with a much smaller
tisk of future heart attacks. The economic and organizational
value of an executive to a large mdustrial corporation and the
value of an important military leader to a military organization
are self-evident; and preventive measures are being actively pur-

sued early for such groups.
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But who is to rueasure the economic and human value of any
individusl in the population at large? Certainly to himself and
to Ius family any individual is valuable enough to consider
doing anything within teason to attempt to prevent his becom-
ing an early victim of a heart attack. Yet, both from certain
members of the public and the medical profession has come
the complaint that to do this on a large scale, for every person
in the populabion, would be very costly.

Let us analyze the general order of magnitude of the cost for
the complete examinations that would be necessary to deter-
mie 4 person's status once every three to five years with re-
spect to the risk of a future heart attack. On a broad basis, such
costs would not conceivably be over twenty-five dollars per
person for such an ination and in all probabihty would
e less. Tf the examination were done every three to five years
our cost would be between three and eight dollars per year per
persont in the population. It is very difficult to imagine how
something approximating five dollars a year per person could
be regarded either by members of the public or by members
:f‘::;: medical prafession as a stumbling block to 1mstitution of
medmpnr:g;? of §r€venhve medicine for adults~a pxe\.rcmive
o tme 10 igned to counter the nsk of the major killer of
el 11seems extremely difficult to measure the value of
smys ing[:m eart attack friom age forty to age fifty or to age
iy 2n ferms of twa, five, ten, or fifteen dollars per year. Even

#;kma\: tgcr year—a small fraction of our annual defense budget.
Hoday :;’d\v};uld.be the first to state that we need strong
hould e n; this requires forty billion dollars a year we
— whcnal~ y spend forty billion doltars to achieve it. How-
m“-my o ;gecr;)n?dm that heart attacks kill each year in our
berof der of our people comparable with the total num-

s of Americans in World Wag 11, it does not seem



166 What We Do Know About Heart Attacks

Such facilities are being used by certain of our large industrial
corporations in preventive medical checkups of their evecutives.
Such facilities are being used to check the blood of many
scientists and physicians who already understand the nature of
the evidence and want, for themselves at least, to utilize what
we know now in the effort to prevent heart disease. But these
facilities are not being used on the scale that they should be—
in checking every adult in the United States. Every adult is
patentially a candidate for an excessive risk of coronary heart
disease, and therefore every adult is in need of checking.

The reason for delay in doing precisely this 1s Jargely that
medicine has in gencral been oriented to the problem of treat-
ment, for adults at least. When a disease develops, the physi-
cian considers using the most efficacious means at his disposal
for treating the person with that disease. With heart attacks,
this approach is extremely late in the game. The real time for
treatment is in the very early stages, when the namowing of
the coronary artenes begins and when it should properly be
intercepted. In this way the risk of a heart attack fve, ten,
ffteen, or twenty years later can be avoided or at Jeast mini-
mized to a great extent. Industrial corporations recognize the
tremendous value of preventive medicine for their leading exec-
utives.

Numerous such organizations have begun to incorporate the
examination of the blood pressure and of the blood lipopro-
teins in an annual medical checkup of their top executives.
“Theit view is that by identifying those carrying an excessive isk
of heart disease, the majar hazard to life in these individuals in
any event, they can institute measures designed to alter the
situation toward a more favorable autlook with a much smaller
visk of future heart attacks. The economic and organizational
value of an exccutive to a large industrial corporation and Fhe
value of an important military leader to a military organization
ate self-evident; and preventive measures are being actively pur-

sued early for such groups.
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) develop a heart attack in a one-, five,, or tenyear period.
deed, unless the values are extremely high, the chances of
voiding a heart attack are better than those of having one. The
eal issue, however, is that such individuals may be two_, fvfe,
en, twenty, or more times the average in terms of their risk
{ having 2 heart attack. Prodence in theit own hygiene wou\fl
uggest that if any are availsble for reducing this
xcessive risk of heart disease they would want to take them.

‘This brings us to the question of what preventive measutes
now available can be expected to accomplish toward material
teduction in the excessive risk of future heart attacks. Provision
of a sensible answer to this question requires that we consider
the picture a5 a whole, utilizing the best evidence on the sub-
ject at our disposal. First, we have the assured evidence that
when either the lipoprotein or blood pressure values (or both)
ate tugh, the risk of coronary heart attacks is increased. It
would seem eminently logical, then, that if these high values of
the hpoproteins and blood pressure (which account for the
high risk of heart disease) could be lowered and maintained
lowered, the risk of future heart attack might be expected to
drop back toward some Jower value, This seems likely, from
elementary teasoning. 1t is on this bass, indeed, that a vast
majonty of the physicians and research workers interested in
htzt!' disease are gong shead in the effort to develop a pre-
ventive medical approach for heart attacks,

HO“'CV".: the skeptical individual might say “Yes, 1 will
grant that if the lipoprotein and blood pressure values are high,
%?:\:\?e f?x\"cd the case of a bigh risk of future heart attacks,

] ow in terms of actual proof that lowering these
values will of itself lower the risk of heart attacks?” Their con-
i‘c‘? b\: 31‘;,“’“‘“"{ it might be that some third factor raises
heart :ltack“:?simll::::i:d (p}:cs;‘““: Va‘“.es and also raises the
might - owering the lipoproteins and blood pressure

ght not plish the task of reducing the future
attack risk if their hypathetical third f; p? T et
actor is not also lowered
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reasonable to state that $500,000,000 to institute an effective
preventive medical program is a Iarge sum of money in a land
such as ours.

Undoubtedly, as the information conceming what we now
know about heart attacks and what can be done to predict
their risk spreads to the public and the medical profession,
there will be an increasing pressure for an active widespread
program to do something about this problem. Then, wide-
spread examination of individuals, and ultimately every indi-
vidual in the population, will become routine. The question is
whether or not one would like to wait one, five, ten, or a
hundred years with all the attendant unnecessary deaths oceur-
ting in the interim before an effective heart attack prevention
program becomes a reality.

Let us assume that a broad program of prevention of heart
attacks werc instituted, incorporating the cxamination of the
blood pressure and the examination of the amount of the blood
lipoproteins in every adult over twenty-five years of age. How
would we proceed with the information desived therefrom to
try to prevent heart attacks? Fiust of all, as a result of such
examinations it would be possible to select out of the popula-
tion a lasge number of people whose values are low, or mod-
crately low. For such indiniduals the risk of future heart attacks
is 5o low that it is hardly worth while concerning them any
further about the problem. The major need for such persons
is to reassure them that the risk of a heart attack is a minor
problem, and that so long as their values remain in the low
range they need do nothing about it, except possibly to have
recheck determinations of ther status made every three to five
years. Such examinations of every adult in the population will
also reves} some with high values either of the blood lipopro-
teins or blood pressure or both and who therefore carry an
excessive isk of development of heart attacks in the future,
This does not mean, nor has it ever been claimed by respon-
sible sources to mean, that such individuals are definitely going
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to develop a heart attack in a one-, five-, or tenyear period,
Indeed, unless the values are extremely high, the chances of
avoiding 2 heart attack are ‘better than those of having one, The
seal issue, however, is that such individuals may be two, ﬁye,
ten, twenty, or more times the averige in terms of their risk
of having a heart attack. Prudence in theit own hygiene would
suggest that if any are available for reducing this
excessive risk of heart disease they would want to take them.

This brings us to the question of what preventive measures
now available can be expected to accomplish toward material
reduction in the excessive risk of future heart attacks. Provision
of 2 sensible answes to this question requires that we consider
the pictuse a5 a whole, utilizing the best evidence on the sub-
ject at our disposal. Frst, we have the assured evidence that
when either the lipoprotein or blood pressure values (or both)
are hugh, the risk of coronary heart attacks is increased. It
would seem erminently Jogical, then, that if these high values of
the lipoproteins and blood pressure (which account for the
high risk of heast disease) could be lowered and maintained
lowered, the risk of future heart attack might be expected to
diop back toward some lower value. This seems likely, from
€lementary reasoning. 1t is on this basis, indeed, that a vast
majonty of the physicians and rescarch workers interested in
heart disease ate going ahead in the efort to develop a pre-
ventw e medical approach for heart attacks.

However, the skeptical individual might say “Yes, 1 will
grant that if the lipoprotein and blood pressure values are high,
you have proved the case of a high risk of future heart attacks,
How do 1 kntfw in terms of actual proof that Jowering these
\'alues' will of itself lower the risk of heart attacks?” Their con-
cem is over whether it might be that some third factor raises
the blood ipoprotein and pressure values and also maises the
heart attach. risk. Lowering the lipoproteins and Blood pressu;
might not accomplish the task of Teducing the iu\ufe mﬁ
attack risk if theic hypothetical third factor 5 not also lowered
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(no evidence exists for such a third factor). There is a mass of
direct evidence and auxiliary indirect evidence which suggests
that these skeptics are worrying rather needlessly.

Let s retum to the evidence concerning overweight indi-
viduals, Life insurance statistics have shown quite clealy that
excessive overweight is associated with an increased heart attack
risk. Most of this excessive heart disease risk due to overweight
is associated with an elevation of the lipoproteins or the blood
pressure, or both. We can now ask whether or not any infor-
mation exists concerning proof of the benefit of correction of
overweight. Such proof does exist, There were a certain number
of life insurance policyholders who were overweight but who
had the opportunity to qualify for a lower premivm by redue-
ing their weight. On analysis of the information concerning the
fate of thousands of such policyholders who did lose weight to
return their weight toward the ideal value, the life insurance
statisticians found that such persons Jost their excesswve risk of
development of heart disease. This is very powerful direct
evidence which indicates that correcting the ovenweight, which
would be expected to correct the hpoprotein elevation and the
blood pressure elevation in part, at Jeast, has produced the de-
sired result of reducing the risk of heart attack mortality. If
swe semember further that the mechanism by which heart at-
tack risk is raised in individuals who have high lipoprotein
values and high blood pressure values is by the ronte of an
acceleration of the rate at which their coronary arteries harden,
can we anticipate that lowering of elevated lipoprotcin and
blood pressure values will slow this hardening pracess? Can we
even possibly expect that some of the existing hardening pf the
coronary arteries may actuaily reverse itself with correction af
the high lipoprotein or blood pressure vatues? .

Here some special evidence is pertinent and extremely im-

poctant. There exists a group of people who have extremely

high values of the lipoproteins in the blood, the very same }ip0~
proteins that exist in the blood of everyane else in vadable
amounts and which are assaciated with heart attack risk. In



AProgram for the Prevention of Heart Attacks 3 m

these special individuals (who, incidentally, have an extremely
high death rate due to heart attacks) not enly are the lipopro-
tein values hugh enough to cause them to form ‘the hardening
deposits in their coronary arteries, but they are also lllgh
enough to form very similar deposits in tissues such as the skin.
These deposits in the skin have been named xanthomas, yellow
lumps. Microscopically, these lumps ate extremely similar to
the hardened deposits in the coronary arteries and in all prob-
abiity represent an analogous disease in the skin, occurring
only with very high levels of the lipoproteins in the blood. Tt
appears that in general the skin is less likely as an organ to
teceive such deposits, and in the population at large, where the
lipoprotein levels are not nealy so high, even though the
arteries develop these hardening deposits the skin does not.
However, in these selected mdividuals with extremely high
Tevels of the lipoproteins, not only do the arterial depouts
develop but also the skin deposits develop. Such persons pro-
vide an excellent way to study the value of lowering the bloed
lipoproteias, for their depostts in the skin are directly visible,
measurable, and can be felt. What will be the fate of such skin
deposts, if the lipoproteins of the blood are successfully
Towered in amount? "This has now been tested in over a dozen
Patients with large areas of these skin deposits of varying dura-
tion. By making use of the nformation {see Chapter 10) that
animal (or saturated) fat restriction will lower elevated S, 0-20
Tipoprotein levels and that carbohydrate restriction will lower
St 20-400 lipoprotem levels, it was teadily possible to design
;hsts for these patients so that their elevation 1 lipoprotein
evels was matenally comected—toward much lower levels,
These patients have been under observation for many months,
some of them fot several years, In every case of this type that
1;:; ‘:;en studied the following ymportant facts have been
. Finst, whereas the person was going on to devell W
’;:‘t.he shin before the “P"Pmte%ns \:ere low:::i:)g:de ‘tol:}l::;}::
Increase in the size of older lumps in the skin, no such new
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Iumps and no Increase in the size of existing lumps weze ob-
served when the lipoprotein levels were brought down and kept
down by dietary means,

Second, in most of these individuals not only did new lumps
fail to appear but the older lumps gradually lost some of the
fatty material from them, gradually shrank in size, and in many
instances even disappeared entirely! Thus a deposit extremely
similar to the deposit in the coronary arteries, visible to the
naked eye and directly measurable, is observed to undergo pre-
cisely the changes one would hope to observe under the influ-
ence of a marked lowering of the blood lipoprotein Jevels.
Logic would have led us to expect that since the high Jevel of
lipoproteins is associated with depasition, lowering the levels
of lipoproteins should at least arrest new deposition. This was
observed. Indeed, it was much more than had been hoped for
to observe that the deposits which had already been formed
either shrank in size markedly or disappeared entirely.

The process of deposition and hardening that goes on in
the coronary artery is extremely similar to that in the skin.
There is excellent reason to believe that perhaps at a lesser,
pérhaps at a greater, rate a similar arrest 1 new deposition and
a decrease in size of old deposits would both occur, with a
lowering in the blood lipoproteins or a lowering of the blood
pressufe, or both. A valuable lesson has also been fearned from
the deposits that occur in these skin xanthomas, or yellow
Tumps, It was noted in many of the individuals with these
deposits in the skin that some of them had been there for
three, five, or seven years but others had been of recent origm,
4 few months or a year. The deposits of recent origin, less than
a year or so in duration, were the quickest to decrease in size
and most often disappeared entircly with treatment. In con-
trast, the deposits that had been present for a period of many
years decreased in size but did rot disappear entirely, They left
2 tesiduc of scarred, fibrous tissue that apparently had devel-
oped as a result of the fong existence of the fatty deposits. We
¥now from the development of the similar disease in the ar-
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hat such scarred, fibrous areas occur there, too. What
aches us is that even if we institute a program to stop
eposition and to reverse old deposition in coronary ar-
the longer deposition has been there the greater the
 there will be for mote of the fbrous elements of the
aing and the lower will be the chance of temoving it..'n}\s
s up the real need to intercept this process enly in its
spment, If we wait until there hasbeen a large conversion
¢ Bbraus, hardened material in the artery, there is a good
bility that we will not be able to do much about this part
¢ diseade.
fidence has been brought to bear on this problem from
other sources Although the human differs vastly from
timental animals such as the dog—in which hardening
he asteries has been produced by certain special diets—and
ough we can not by any means extrapolate from the dog to
human, we certainly cannot close our eyes to the evidence
ived from animal experi In the dog, hardening of the
eries is produced by a special diet which raises the blood
proteins If the diet is then restored to a usual one for the
8. the lipoprotein levels fall back to normal. After a period
months on the normal diet it is found that the hardening *
the arteries which would have been there, had the animals
en sacrificed at the tiume the special diet was stopped, has
tually regressed and even disappeated in many areas. This
frees with the human evidence for the skin Jumps: not only
oes new hordening cease when the lipoproten levels are
::'icsresd( bl:; also old haraning i‘s in large measure reversed,
. . t‘}xe “l“ 0“‘&0\75!?!\ e‘vu}ence in favor of the logic of lower-
'n'etscold?dngga:: V:;‘c 5 mhon?er to .stop new disease an.d
is almost certainl);a li;lg;c e‘llldenf:e iy denyed oo the dog.it
human case, 2 e, at least in a modified sense, to the

Also, i
Vel m:; Tecent yeats a great deal of research by phanmaceu-

panies and by university pharmacolo ini
and cl;
medical depattments has been done on drugs §¥ vario:sl;l;@r::
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that are capable of reducing elevated blood pressures. While
all the observations are nat so carefully controlled as one would
like, it appears incscapable, from the experience of a vast num-
ber of clinics working with these drugs, that individuals whose
high blood pressures have been lowered are defimtely experienc-
ing a lowering of the incidence of heart disease as compared
with the period before such drugs were available. This again is
rather direct evidence that the mortahty risk is lowered by reduc-
ing one of the major factors associated with heart disease, if that
factor is clevated. All the evidence, direct and indirect, and alt
the Jogic point to the value of reducing the ipoprotemns, when
elevated, and the blood pressure, when elevated, in the effort
to minimize the risk of future heart attacks. To be sure, further
evidence on large human groups would be desirable supple-
mentary information, but it is by no means necessary to await
this before going shead with a hughly reasonable program for
prevention of heart attacks now.

Such supplemental information could come in one of two
ways. First, if the entire population of the United States were
brought wto a preventive medical program, their lipoprotein
and blood pressure values determined, and every effort made
to lower elevated values by dietasy, pharmaceutical, and other
means at our disposal now, one need simply observe the heart
attack rate, which has been on the increase over the last few
decades in this country. If that heart attack rate trend reversed
itself and started down, this 1mn itself would be evdence that
the measures had been effective. This, of course, 15 a very large-
scale endeavor and would probably take a fair amount of time
to accamplish. e

A shorter way to this gosl would be to take a group of indi-
viduals, as many a5 ten or twenty thousand persons, who haye
high values of the heart attack risk because of hifg‘n lipoprotein

values and high L o . .m'.'..',..
two equal subgrc : oo i

treatment, In the other group ali reasonapie mCusUlv s i&
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ducing elevated lipopratein levels or elevated P\ood pressures
or both could be applied. With careful observation of these two
groups, within a matter of one to two years one could expect that
f the measures are effective, as all the evidence indicates they
would be, there should be a pronounced difference in the heart
attack rate between the two groups. This is, too, a largescale
per qring the cooperation of many thousands of
individuals and some hard work by those who organize and
conduct the expenment. It might also cost a fait sum of money,
but an amount of mouey which would be trivial in comparison
with the goal and results that are being sought. The American
pubhe 15 keenly aware of the real problem of heart disease and
undoubtedly would lend a full measure of cooperation to an
such as this—whieh, if well conducted, would lead
to such crucial answers. It is pathetic that inertia has so far
prevented such a study from being undertaken and carried
through to completion.

In part, the study has not been dane because it would re-
quire 2 large amount of public cooperation and this would
involve a large amount of explanation to the public of what
one 1 trying to accomplish. The fear has existed in the minds
of some that the public could not possibly understand the
problem 30d would not be helpful. The authos does not sub-
senbe to thus at all. The public is highly intelligent, highly con-
cemed about this problem, and certainly would go to very great
lengths in the effort to help once and for all to determine
directly and quickly what a particular measure would do in the
way °§ :;d\i:'“g the heart attack risk, Indeed, this seems to be
one of the best ways of getti i H
hith would te hi’ghly iux‘ﬁg\:‘lﬁ el.nfunnatmn n 2 direct way,

h\Vnt&\ tespect to the for ac Yok
the reduction of elevated Yipoprotein and Atheragenic Indes
values, and hence in the heart attack risk. mmanw ava newe Index

1ok,
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intelligently achieved through the careful coaperation of a
physician and the individual he cares for medically in the ef-
fort to prevent heart attacks. Those individuals who have been
studied and found to have high Jevels of the lipoproteins,
primarily of the §, 0-Z0 class, require one type of management,
This is the group of lipoproteins that is elevated, on the average,
by diets containing high amounts of animal fats, or saturated
vegetable fats. In such individuals it has been proved by the
work of many Jaboratories that these Jipoprotein levels can be
lowered if the individual reduces the dietary intake of such
animal and saturated vegetable fats. Since the liquid, or un-
saturated, vegetable ails do nat have this effect of mising S;
0-20 lipoprotein levels, the substitution of them for the animal
and saturated vegetable fats removed helps provide a palatable,
satisfying, and enjoyable diet. Such a dietary modification will,
in general, lower elevated S, 0-20 lipoprotem levels. On the
other hand, there exist many 1ndividuals whose heart attack risk
does not come from the S, 0-20 hpoproteins primanly but
rather from the elevation m level of S, 20-400 lipoproteins.

In such individuals it has been proved that lagh levels of
S, 20-400 lipoproteins can be produced, on the average, by a
high intake of carbohydrates and that the levels can be lowered
if the person reduces the dictary carbohydrate itake, These are
longterm cffects on humans, tested carefully on one type of
diet against another, in this country under the usual circum-
stances of living. If they are not ovenweight, such individuals
can replace the calone value of the carbohydrates they have
removed by supplementation of their diet with one of ‘ﬂlc
liquid vegetable oils which will do nothing to saise their lipo-
protein values. The supplementation of the diet with vegetable
oil, whether to replace animal fat or carbohydrates or both,
provides 2 highly nutntious, satisfying diet, without any real
deprivation on the patt of the person The principles of such
dicting, including menus, recipes, and precise amounts.of the
various foodstuffs that should be eaten, have been described in
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great detail in the book entitled The Dietary Prevention and
Treatment of Heart Disease by the author and his colleagues.*
It would require a volume to repeat all that information bere.

The major point is that the principles of dieting in an cffort
to lower these lipoptatein classes and thereby to Tower the risk
of heart disease have been abundantly described, together with
very practical daily cooking menus and recipes that have been
kichentested on persons who have been on these diets for
periods of months and years. There is no evidence whatever
that these diets restricted in gnimal fat intake or carbohydrate
intake can do any harm or in any way unfavorably infleence
the health of individuals. Such diets can be made completely
adequate, and more than adequate, in all the known essential
nuttients reconmmended by the National Research Council. A
large number of physicians are advising patients to reduce their
animal and saturated vegetable fat mtake and their carbohy-
drate mtake with the replacement of some of the calories lost
with unsatusated, liqmd vegetable oil even though these patients
have not been evaluated for their lipoprotein status, This is
done on the general ponciple that 1f the patients are taking in
much more animal fat or carbohydrates than they need, it

would be the better part of wisdom to modify their diet toward
one which might be

c ded 1o prevent Yipoprotein ele-
vation The only thing one can say about this is that while it is
m the right durection, 1t is hat it 3 in that there
e many mdividuals who will diet needi

¢ ly. 1f the Yipopro-
teins are already low, there is no need to té to mdBCePU?Em

further Also, with this “blind” procedure, an indrvidual will

not know whether he should be concentrating more on the side

of reduction of animal fat intake than on the side of reduction

of carbohydrate intake. In addition ta dietary measures, certain

pharmacenhical substanices can now be prescribed by p}’\ysicians
* The Dictary Prevention and Treatment of H i

i N VNl 5 Vit Do New Toas o oY Jotn W. S
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to aid many patients in their efforts to reduce
or 5 20-400 lipoprotein levels.

Secondly, under medical supervision, elevat
sure should be reduced wherever it is possible
pharmaceutical agents required for the reduction .
sure should not be used by an individual witl
supervision. However, the princple of reduction
blood pressure even if it is causing o abvious diffi
moment should definitely be followed, for we kno.
clevated blood pressure is producing an excessive risk
heart attacks by increasing the rate at which the
arteries are hardening. So much for the immediate prc
what we can do now with our present knowledge in th
to prevent heart attacks.

The initiation of efforts to fill the gaps
in our existg knowledge

While a great deal can and should be done immediately
start a widespread preventive medicine program to reduce hea
attack rates, there exists an even more important horizon. 1
has been pamnted out m this book that many of the findings ar¢
quoted to be true “on the average.” Thus, on the aversge, the
lipopsotemns of the S, 0-20 class will nse in level when the
dietary intake of ammal, or saturated, fat 15 ugh. Or, on the
average, the S; 20-400 hipoproten levels will be higk when the
dictary intake of carbohydrates 15 lugh. On the average, over
weight is assoviated with an elevation of lipoproteins and
Atherogenic Index values This in essence is another way of
stating that not all individuals respand alike to the dxch}ry
factors or to alterahons 1n body weight. Individuals are gt
variable with respect to the amount of the various lipoproteint
they will have in thew blood under a particular set of condi
tions. Thus, while it 15 certamnly true that one individval m3)
experience a lage nsc @ hus §; 20-400 lipoprotein level with
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ghe daily consumption of 400 grams of carbohydrates, it is also

‘twe that another indwidual of the same sex and age might
experience only a very slight rise while eating exactly the same
amount of carbohydrates during a test period.

We know that for people in the population at large, at a
given age and for one sex, individuals range from the very low
blood levels of the lipoproteins up to very high levels. At low

Nipoprotein values, we can find some individuals who are con-
suming much more of the foods that we know can raise lipo-
protein levels than some of the people who have very high
| values of the same lipoprotein classes, Even though, for those
who have high lipoprotein levels when they consume a par-
heular type of diet, very beneficial results can be achieved by
alteration of that diet, we also know that other individuals can
consume even greater excesses of this diet without showing
tigh hpoprotem levels. This is the crucial feature of the entire
problem and the feature which deserves investigation very
urgently Why 15 1t that certain people in the population have
low levels of the lipoproteins with our usual diets wiile others
have intermediate levels, and still others have high levels? This
is of course related to the question of why it is that men have,
in general, ugher hipoprotein levels than women at Yoast in
eatly adult Wfe It is one matter to describe this difference in
lipoprotemn levels between men and women; it i quite another
matter to understand the basis for it. Why any mdividual 15
charactenzed by a cettain lipoprotein value on a particular type
of diet usual 1n our country is one of the most important
q“'?}[‘iuns"hat future :‘Esmmh in heart disease conld ans:er
ere is every need for a c :
basis bodﬂ;r{)iochemist o ey ort to fertet aut the

1y for the abilit of-tertafp fudi
nals to handle nemly any type of food fv{xtﬁout‘el::n‘%

thew Tipoprotein levels. Today, and for by ation of
poses, We must consider the u);e of di:txs :!)tgeh I practical pur-

mtake or diets altered in carbohy ydrate i i
e t:
heart attack nsk in persons wizh higlllnli?;:‘(;

red in anima} fat
1 order to reduce
rotein levels Byt
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to aid many patients in their efforts to seduce elevated S, 0-20°
or S, 20400 lipoprotein levels.

Secondly, under medical supervision, elevated blood pres-
sure should be reduced wherever it is possible to do so. The
pharmaceutical agents required for the reduction of blood pres-
sure should not be used by an individual without medical
supervision. However, the principle of reduction of elevated
blood pressure even if it is causing no obvious dufficulty at the
moment should definitely be followed, for we know that the
elevated blood pressure is producing an excessive tisk of future
heart attacks by increasing the rate at which the coronary
arteries are bardening So much for the immediate program of
what we can do now with our present knowledge in the effort
to prevent heart attacks.

The initiation of efforts to fill the gaps
in our existing knowledge

While a great deal can and should be done immediately to
start a widespread preventive medicine program to reduce heart
attack rates, there exists an even more important horizon. It
has been pointed out in this book that many of the findings ate
quoted to be true “0n the average " Thus, on the average, the
hpoprotemns of the S; 0-20 class will nse in level when the
dietary intake of animal, or saturated, fat is lgh O, on the
average, the S; 20-400 lipoproten levels will be high when the
dietary intake of carbohydrates 15 hugh. On the avesage, over:
weight is associated with an clevation of hpoproteins and
Atherogenic Index values. This in essence is another way of
stating that mot all mdividuals respond alike to the dwetary
factors or to alterations m body weight. Individuals are quite
variable with respect to the amount of the various lipoproteins
ve in their blood under a particular sct of condi-

they will ha d c set
tions. Thus, while it is certainly true that one individual may
experience 3 large tise in his S, 20-400 lipoprotein level with
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[he daily consumption of 400 grams of carbohydsates, it is also
tue that another individual of the same sex and age might
experience only a very slight nise while eatmg exactly the same
amount of carbohydrates during  test period.

We know that for people in the population at large, at a
given age and for one sex, indwiduals range from the very low
blood levels of the lipoproteins up to very high levels. At low
lipoprotein values, we can find some individuals who are con-
suming much more of the foods that we know can raise lipo-
protein levels than some of the people who have very high
values of the same hpoprotein classes. Even though, for those
who have high lipoprotein levels when they consume a par-
ticular type of diet, very beneficial results can be achieved by
alteration of that diet, we also know that other individuals can
consume even greater excesses of this diet without showing
high hipoprotein levels. Thas is the crucial feature of the entire
problem and the feature which deserves investigation very
urgently. Why 1s it that certain people in the population have
low levels of the hpoproteins with our usual diets while others
have termediate levels, and still others have high levels? This
is of course related to the question of why it 15 that men have,
in general, higher lipoprotein levels than women at least in
early adult Life. It is one matter to describe this difference in
Iipoprotein levels between men dnd women; it is quite another
matter to understand the basis for it. Why any individual is

h d by a certam hpop value on a particular type
of diet usual irn our country 15 one of the most important

PEVSIE SN |

Dass ses ity LioueTIStry ot the ability of-certain ind e
uals to handle nearly any t Y o g ;

e of food without ;
their hipoprotein levels Tc?{fy, out elevation of

e and for highly practical pur-
puses, We must consider the use of diets altgere’;l lin1 ani:lalp?axt
intake or d\efts‘altgred in catbohydrate intake 1n prder to reduce
heart attack sk in persons with ‘Thigh Ypoprotein levels, But
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the real future of the effort to prevent heart disease lies it
understanding how it is that we might possibly convert the
pesson who does not handle the foods well to be more like the
person who does. This problem seems very definitely to be one
of fundamental body chemistry. There is no reason to regard
this as a problem that is outside the pale of ordinary biochem-
istry, or as one that cannot be solved. We can grant that 2
great deal of work and research may be required for its solution.
No problem concerning the field of heart disease and heart
attacks could be said to be more important than that of deter-
mining why a particular person has a low, intermeduate, or high
level of the major lipoprotein classes and the Atherogenic
Index. Some efforts are going into this problem in the form of
studies of the effect of vanous drugs, and in the form of studies
of the relationship of some of the lipoproteins to each other
and to other biochemical features of the person, but the na-
tional effort on this problem at the present time 15 not a con-
certed one. .

A really concerted effort 15 urgently needed. If a team of
100 or mare of the top medical scientists in the countyy devot-
ing thew effort completely to this one problem were to spend
five or ten years on it, undoubtedly some major answess would
come forth. The cost of this type of effort would be trivial in
terms of the stakes with which we are dealing. Since the hpo-
protein levels are a major factor in determimng the nsk of
heart attacks, any additional understanding we can achieve, at
a fundamental biochemical level, of why they arc hugh when
they are high is of tremendous value. Such knowledge would
undoubtedly greatly increase our ability to lower elevated hpo-

mmvemntale Yovels more efficiently than we now can. This 1s cer-

f:;;xiy Aa fabulous opportunity to work toward the goal of ehmi-

nating heart attacks from our population, Toward this goal, no
amount of effort could conceivably be too much.






