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Combating the Epidemic of Heart Disease

Daniel Levy, MD

T THE BEGINNING OF THE 20TH CENTURY, THE 3

leading causes of death in the United States were

infectious diseases—pneumonia, tuberculosis, and

diarrhea—which in combination claimed 539 lives
per 100 000." Lurking in the background as the fourth lead-
ing cause of death was heart disease (137 deaths per 100 000).
But this would change. With life expectancy of only 47 years
at the beginning of the century, people did not live long
enough for heart disease to claim many lives. Without a
means for accurate diagnosis, many deaths from heart dis-
ease went unrecognized. With the advent of the electrocar-
diogram to facilitate the diagnosis of heart disease, antibi-
otics to treat infectious diseases, and increasing life
expectancy, the number and proportion of deaths due to heart
disease soared. During the Great Depression, the number
of deaths due to heart disease was twice that of the next lead-
ing cause of death (pneumonia). In 1945, at the time of Presi-
dent Roosevelt's fatal brain hemorrhage due to decades of
uncontrolled hypertension, heart disease accounted for more
deaths in the United States than the next 3 causes com-
bined. Deaths due to heart disease peaked in 1968 at 374
per 100 000.

Necropsy studies of soldiers killed in the wars in Korea
and Vietnam provided an opportunity to define the preva-
lence of subclinical coronary atherosclerosis in young people.
In 1953 Enos et al* described coronary lesions discovered
at autopsy in 300 male soldiers (mean age, 22 years) killed
in the Korean War. Gross evidence of coronary disease was
present in 77% of the decedents: 35% with fibrous thick-
ening, 26% with a coronary artery narrowed by 10% to 49%,
and 15% with a coronary occlusion of 50% or more. In 1971,
McNamara et al’® reported evidence of coronary atheroscle-
rosis in 45% of 105 Vietnam War combat deaths (mean age,
22 years), with 5% having severe coronary disease. In their
concise descriptive narratives, these studies provided un-
equivocal evidence of the silent burden of coronary athero-
sclerosis in young, otherwise healthy adults, and in finding
a “reservoir” of carriers of disease, they helped explain the
emergence of heart disease as a 20th century epidemic among
middle-aged and older adults.

See also p 2577.
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In this issue of JAMA, Webber and colleagues* report on
the prevalence of coronary and aortic atherosclerosis in 3832
US service members who died from combat or uninten-
tional injuries from 2001 to 2011 while serving in support
of military operations in Iraq or Afghanistan. With a mean
age of 27 years, the service members’ prevalence of coro-
nary atherosclerosis of any degree was 8.5%, a value con-
siderably lower than reported by Enos et al* (77%) and
McNamara et al’ (45%). Minimal, moderate, and severe coro-
nary atherosclerosis were present in only 1.5%, 4.7%, and
2.3% of the recent decedents, respectively. The large sample
size of the study provided robust estimates of the low bur-
den of subclinical atherosclerotic disease and permitted an
exploration of differences in prevalence of disease across vari-
ous demographic strata. The prevalence of atherosclerosis
increased with age and was greater in those with lower edu-
cation levels but was not associated with occupation, eth-
nicity, service branch, or military rank.

Taken together, the reports by Enos et al,> McNamara et
al,> and Webber et al* offer cross-sectional perspectives on
subclinical atherosclerosis in healthy young military ser-
vice members, but unlike standardized, population-based,
cross-sectional studies (eg, the National Health and Nutri-
tion Examination Survey [NHANES], for example), these
studies are not directly comparable and also might not be
generalizable to the US population of young adults. Unlike
NHANES, the 3 autopsy studies were conducted at irregu-
lar intervals and were restricted to military personnel who
were likely to be healthier than the US population as a whole.
The restrictive criteria used by Webber et al to establish the
presence of cardiovascular disease risk factors, along with
the “healthy warrior effect,” may have resulted in low mea-
sures of prevalence of key risk factors. Specifically, the preva-
lence of obesity (4%), smoking (3%), hypertension (1%),
dyslipidemia (0.7%), and impaired fasting glucose (0.2%)
were markedly lower than among comparable age groups
in the US population® or compared with published esti-
mates of risk factor prevalence in the military.® The meth-
ods used for ascertainment of several risk factors likely un-
derrepresented their true prevalence and limited the authors’
ability to draw conclusions about risk factor associations with
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atherosclerotic cardiovascular disease. Webber et al found
that obesity, hypertension, and dyslipidemia were each as-
sociated with approximately a doubling in the prevalence
ratios for atherosclerosis. The prevalence ratios, however,
may be exaggerated because only the most severe manifes-
tations resulted in an inpatient or multiple outpatient en-
counters required for the diagnosis of hypertension, dys-
lipidemia, or diabetes/impaired fasting glucose. Also, cigarette
smoking and diabetes/impaired fasting glucose, 2 risk fac-
tors well known to be associated with atherosclerotic car-
diovascular disease, were not associated with atherosclero-
sis by autopsy.

However, the autopsy case series offers advantages over
other designs for detecting associations of risk factors with
pathological changes of atherosclerosis. Because postmor-
tem information was available and because the decedents
were selected without regard to the exposures (cardiovas-
cular risk factors) or the outcomes (coronary and aortic ath-
erosclerosis) of interest, the design of the study of Webber
et al* is unlikely to have introduced systematic biases due
to sampling or outcome measurement. Consequently, it is
highly likely that the main finding of this study is valid: the
prevalence of atherosclerosis in young men today is much
lower than the prevalence in the Korean or Vietham War
eras. If these findings are generalizable to the US popula-
tion as a whole, then the cardiovascular health of the US
population may have improved appreciably over the past 6
decades.

The study by Webber et al* is not well suited to address
the root causes of this favorable trend or of the parallel de-
clines in deaths from heart disease in the United States. How-
ever, evidence available from other sources indicates that
the decline in heart disease mortality is attributable both to
advances in treatments for patients with clinical heart dis-
ease (ie, secondary prevention) and successful primary pre-
vention strategies resulting in improvements in modifiable
cardiovascular disease risk factors in individuals free of heart
disease. On balance, primary and secondary prevention strat-
egies are believed to have contributed about equally to na-
tional declines in heart disease mortality.” Advances in pri-
mary (but not secondary) prevention are likely to explain
the declines in coronary atherosclerosis across the 3 au-
topsy studies.**

During recent decades there have been steady declines in
several key cardiovascular disease risk factors in the United
States. First, the proportion of individuals who smoked ciga-
rettes declined from about 50% of men and 30% of women
in the mid-1960s to about 20% in both sexes in 2010.%® Sec-
ond, from 1976 to 2008, there were improvements in aware-
ness, treatment, and control rates for hypertension (defined
as blood pressure =140/90 mm Hg). The proportion of in-
dividuals with hypertension aged 18 to 74 years who were
treated for hypertension and whose blood pressure was con-
trolled to less than 140/90 mm Hg increased from 10% to 49%
over this time period.>® Third, the proportion of men and

©2012 American Medical Association. All rights reserved.
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women with elevated cholesterol levels of 240 mg/dL or greater
declined by about 50% in men and women over the same in-
terval.>? In contrast, worrisome upward trends in obesity and
diabetes threaten to reverse favorable risk factor trends. From
1976 to 2008, the prevalence of overweight increased for men
and women within each racial/ethnic group.”'® Today 69%
of adults in the United States are overweight or obese.'* As a
consequence of national obesity trends, the prevalence of dia-
betes is increasing; from 1958 to 2010, the proportion of adults
and children in the United States diagnosed with diabetes in-
creased from 1% to 7%."

Autopsy studies have demonstrated that coronary dis-
ease begins at a young age. Consequently, primary preven-
tion campaigns to address obesity and related risks should
begin in childhood.'? Declines in cardiovascular disease risk
factors have almost certainly contributed to the observed
reductions in prevalence of subclinical atherosclerosis, in-
cidence of clinical atherosclerotic disease, and deaths from
heart disease. Although age-adjusted heart disease death rates
have declined by 72% since their peak during the Vietnam
War years, cardiovascular disease remains the leading cause
of death in the United States.>"* The national battle against
heart disease is not over; increasing rates of obesity and dia-
betes signal a need to engage earlier and with greater inten-
sity in a campaign of preemption and prevention.
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ATHEROSCLEROSIS

Manifestations of Corcnary Atherosclerosis in Young Trauma

Victims—An Autopsy Study

ABRAHAM JOSEPH, MD, FACC, DOUGLAS ACKERMAN, MD, J. DAVID TALLEY, MD, FACC,
JOHN JOHNSTONE, MD, FACC, JOEL KUPERSMITH, MD, FACC

Louisvill :, Kentucky

Gbjeciives. The aim of this study was to look at the prevaleace
of coronary atherosclerosis, its severity and siie of involvement in
patients <35 years old who died from noncardiac tranma.

Background. Autopsies performed on casualties of the Korean
War revealed coronary artery invelvement in 77.3% of the hearts
studied, and data afier the Vietnam War noied the presence of
atherosclerosis in 45% of casusulties with severe disease in 5%,
suggesting a deciine in the prevalence of coronary atherosclerosis
in young men.

Methods. One hundred eleven victims of noncardiac trauma
(86.4% white with a mean age of 26 = & years) underwent
pathologic examination of their coronary arteries to estimate the
presence and severity of coronary atherosclerosis grossly, micro-
scopically and through computerized planimetry. Identified seg-
ments of the coronary arteries were sectioned at 3-mum intervals,
stained with special stains and after microscopic examination

transferred to videotape and digitized to allow estimation of the
percent compromise in the lumen area by atherosclerotic plague.

Results, Sigus of cerenary atherosclergsis viere seen in 78.3%
of the total study group, with >50% narrowing in 20.7% and
>75% narrowing in 9%. No demographic or anatomic features
separated the groups with less or more severe involvement of their
coronary arteries. Proximal involvement was more common ex-
cept in the right coronary artery, which was as frequently
involved distally.

Conclusions. The overall prevalence of coronary atherosclero-
sis in & young, predominantly male study group was comparable
with that noted after the Korean War. Left main or significant
two- and three-vessel involvement was poted in 20% of the group
studied and emphasizes the need for aggressive risk factor modi-
fication in this group.

(F Am Coil Cardiol 1993;22:459-67)

It is well known that coronary atherosclerosis exists in the
young. Fatty streaks are present in the aorta of most children
>3 years old, increasing rapidly in adolescence (1), with
coronary artery involvement beginning about a decade later
(2). A number of autopsy studies performed on young
soldiers who died from a noncardiac related cause have
demonstrated evidence of atherosclerosis ranging from in-
significant disease to total occlusion. Although one of the
earlier studies performed in 1953 after the Korean War
documented an incidence of 77.3% (3-5), later data after the
Vietnam conflict showed some degree of coronary athero-
sclerosis in 45%, with more severe disease in only 5% (6).
Although these differences may have been due to a differ-
ence in techniques used in identifying the degree of coronary
atherosclerosis, the possibility of an actual decline in the
incidence of coronary artery disease in the young was raised.
Seventeen years have elapsed and we looked at a similar
group who died of noncardiac-related causes to study the
incidence of coronary artery disease, its severity as related
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to different age groups, and the site of involvement in the
coronary bed.

Methods

Study patients. All hearts of patients aged 14 through 35
years old who underwent autopsy at Humana Hospital
University of Louisville were studied. The first 111 hearts to
be dissected in serial order were used to obtain data.
Historical data with regard to the age, gender and race of the
patient, previous medical history, medications and drug
habits were noted from the death certificate, where avail-
able. Because of difficulty in obtaining risk factor informa-
tion in this study group, we also examined the risk factor
profile in 100 consecutive age-matched patients who were
admitted to the Surgical Intensive Care Unit at University
Hospital predominanily because of injuries sustained in
accidents. A family history of heart disease, smoking, hy-
pertension or diabetes was elicited, and serum cholesterol
levels of all patients were examined.

Heart preparation. All hearts were weighed as an index
of myocardial hypertrophy. The origin of the coronary
arteries in relation to the sinotubular junction and its co-
existence with coronary ostial lesions were documented.

Dissection of coronary arteries. To examine the extent of
coronary atherosclerosis, the coronary artery tree was di-

0735-1097/93/86.00
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vided into segments according to previously established
clinical criteria. The left coronary tree consisted of the left
main, left anteisor descending and left circumflex coronary
arteries. The left anterior descending artery was further
subdivided into proximal (before the origin of the first septal
perforator) mid and distal segments (distal to the second
diagonal branch). The left circumflex coronary artery was
divided into proximal (up to the origin of the major marginal
branch), mid (the major marginal branch) and distal seg-
ments. The right coronary artery was divided into proximal
(up to the right ventricular branch), mid (between the right
ventricular and acute marginal branches) and distal seg-
ments, with the latter segment including the posterior de-
scending and left ventricular branches. The coronary arter-
ies were cross-sectioned at 3.-mm intervals from the ostia to
the terminal pericardia! branches to determine the presence
or absence of atherosclerotic plaques and any lumen narrow-
ing. Sections representative of the mosi involved area in
cach segment were then processed by dehydration in alco-
hol, cleared in xylene, fixed in 10% buffered formalin, and
embedded in paraffin, with suitable decalcification tech-
niques employed before fixation for those segments of cor-
onary arteries that were calcified.

Grading arterial specimens. After fixation and embed-
ding, the cross sections were stained with hematoxylin-eosin
and elastic van Gieson stain. Using high powered micros-
copy, each section was examined by a pathologist indepen-
dent of the coroner’s office who had no knowledge of clinical
or pathologic observations or collection site. Because fatty
streaks or diffuse intimal thickening secondary to smooth
muscle cell proliferation is not considered to represent a true
atherosclerotic change, we did not consider this a sign of
carly disease. Cross-sectional lumen stenosis was then
graded from I to IV. Grade I, using this system, represented
0% to 25% narrowing; grade II, 25% to 50% nanowing;
grade I, 50% to 75% narrowing, and grade IV, 75% to 100%
narrowing. Although this method of estimating the degree of
coronary atherosclerosis has been used in earlier studies, it

JACC Vol. 22, No. 2
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Figure 1. Stained section of the
proximal ieft anterior descending
coronary artery showing the inter-
nal elastic lamina (left) with a com-
parison image (right) after transfer
to videotape and digitization.

lacks accuracy and reproducibility. To overcome this limi-
tation, a cardiologist unaware of the visual and microscopic
data then used computerized planimetry utilizing a software
program (developed by Kontron, MIPRON Image Process-
ing System Bildanalyse GmbH) involving edge detection
techniques to estimate the residual circumferential area at
the occluded site,

Analysis by computerized planimetry. All cross sections
representative of the involved segment of the diseased artery
were transferred onto 0.5 in. (1.27 c¢m) or 0.75 in. (1.91 cm)
videotape and involved no distortion of the image (Fig. ).
After initial input of the most involved segment and with the
use of a predefined scaling factor, the original lumen area of
the segment, as defined by the internal elastic lamina, was
obtained in cm® (A). The residual circumferential area was
then determined after the residual lumen was traced manu-
afly (a). The percent compromise in lomen area was then
ootained by using the formula [(A — a)/A] x 100 (subtracting
the residual lumen area from that enclosed by the internal
elastic lamina) (Fig. 2 to 5).

Statistical analyses. Our primary interest was in studying
the prevalence of coronary artery discase and comparing this
with data obtained afier the Korean and Vietnam conflicts.
We tested proportional data for sigrificance uvsing the chi-
square test and 2 X 2 contingency tables with the Yates
correction, Continuous variables were expressed as mean
values =1 SD. The unpaired Student ¢ test (two tailed) was
used to test the hypotheses that two group means were not
different for continuous variables, asserting & difference if p
was < 0.05. The chi-square test tested for homogeneity of
the study and comparisor groups and looked for differences
among the groups with different severities of disease. A
critical ratio test for equality of two proportions looked for
statistically significant differences between the frequency
with which different sites in the coronary anatomy were
involved for different degrees of disease using 95% confi-
dence limits and the same p value (< 0.05).
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Figure 2. Stained section of the left main coro-
nary artery with the interr. J elastic lamina de-
fined with van Gieson stain and the lumen com-
promised by early atherosclerotic plaquing
(19.0% area narrowing as estimated by planime-

1ry).

Resulis

The hearts of 111 consecutive trauma victims 14- to 35-
years old who were examined at autopsy between 1988 and
1989 were studied for evidence of coronary artery disease.
The study group was predominantly male (95 [85.5%]) and
white (96 [86.4%]). There were 13 black patients (11 male, 2
female) and two male Hispanic patients. The average age for
the male patients was 25.6 = 5.4 years, and the average age
of the female patients was 25.6 = 6.1 years. The age and
gender distribution of the study group are represented in
Figure 6. The predominant causes of death were gunshot
wounds (28.8%) and motor vehicle accidents (23.4%). Other
causes included death from hanging, drug or alcohol intoxi-
cation, drowning and smoke inhalation. In no instance was
the final cause of death related to a cardiac cause.

Figure 3. Stained section of the left anterior
descending coronary artery in a 27-year old fe-
male trauma victim from the current study (esti-
mated area narrowing 23.2%).
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The average age of the 100 trauma victims admitted o the
intensive care unit at University Hospital was 26 + 4.1
vears. They were also predominantly male (§1%) and white
(75%), with an average body surface area of 1.88 m’.
Although the majority were smokers (68%), there was a
smaller incidence of family history of coronary artery dis-
ease (15%} and hypertension (6%). Five patients had a serum
cholesterol level >200 mg/dl (Fig. 7). Except for being more
predominantly white (86.4% vs. 75%, p < 0.05), the study
group did not differ from the comparison group with respeci
to gender (p = 0.478), age (p = 0.613) or body surface area
{p = 0.33) (Table 1).

Coronary atherosclerosis related to body mass index.
Using the body mass index or Quetelet index (kg/m?), which
is a better measure of obesity than percent body fat and has



48 JOSEPH ET AL.

CORONARY ATHEROSCLEROSIS IN YOUNG TRAUMA VICTIMS

been link-:d to cardiovascular mortality (7), 44 of the 111
patients were noted 1o have a body mass index >25 {upper
limit of normal), with 10 having an index >30 (associated
with excess mortality). Although a body mass index >30 by
itself could not predict the presence or absence of underlying
coronary artery involvement (see Fig. 8), of the 10 victims
with a body mass index >30, 8 showed evidence of coronary
atherosclerosis.

Gross morphology. The average heart weight was
340.1 * 67.9 g (range 205 to 520). When corrected for body
surface area, the mean heart weight was 200.29 = 69.9 g/m?
for male patients and 168.95 + 54.4 g/m? for female patients.
The foramen ovale was patent in 28 hearts studied and
closed in the rest. The right coronary system was dominant
in 77 (69.3%), the left coronary system in 8 (7.29%), with a
codominant system in the remaining 26 (23.4%). In the

JACC Vol, 22, No. 2
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Figure 4. Original lumen of the vessel as defined
by the internal elastic lamina and highlighted (A,
see text).

majority (68 [61.25%)}, the origin of the coronary arteries was
below the sinotubular junction.

Pathologic grading of extent and site of coronary athero-
scleresis. Of the 111 hearts studied, 40 (36.0%) had coronary
beds free of coronary artery disease as assessed using only
visual criteria. With microscopy and planimetry, only 24
hearts manifested intimal hyperplasia alone or no signs of
atherosclerosis for an overall incidence of early or progress-
ing atherosclerosis in the remaining 87 (78.3%). Early signs
of involvement (20%-50% area narrowing) in any of the
coronary arteries was scen in 64 hearts (57.6%), with more
severe involvement (>50% narrowing) in the remaining
hearts (23 {20.7%] of 111), Among the male paticats (55 of
111). the coronary arteries were noted to be involved in 72
hearts for an overall incidence of 75.8%. This incidence was
significantly higher than the 45% incidence obtained from

Figure 5. Residual lumen contoured for planim-
etry and highlighted (a). Perceat narrowing ob-
tained by {(A — a)/A] x 100 (see text).
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Figure 6. Age (year) and gender of the 1§ trauma victims in the
current study whose coronary arteries were evaluated for athero-
sclerosis. Values on the vertical axis represent number of victims.
F = female; M = male.

Vietnam War casualties (p < 0.001, with 95% confidence
limits of 0.707 and 0.860) (Table 2).

Site of involvement. Involvement of the left main coro-
nary artery was noted in 14 hearts, with narrowing >50% in
6. One male patient (32 years old) and one female patient (33
years old) had >90% stenoses involving this vessel.

Although the proximal segments of the coronary arteries
were more commonly involved than the mid or distal seg-
ments, this observation was less true of the right coronary
artery, where the dista! portion of the vessel often appeared
to be as frequently involved. Fifty-four individual hearts
exhibited narrowing in the proximal left anterior descending
artery and circumflex coronary arteries, with distal involve-
ment noted in only four and three hearts. respectively (p <

Figure 7. Risk factor data in 100 trauma victims who survived.
Values on the vertieal axis are in percent. Chol >200 = cholesterol
>200 mg/dl; DM = diabeics mellitus; FAM Hx = family history of
heart disease; HTN = hypertension; other abbreviations as in
Figure 6.

60

50

40

M F M F

Chol }» 200

Smoking DM FAM Hx
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Table 1. Demographics of Comparison Versus Study Groups

Comparison Group* Study Group

Malefemale Bl/19 (B1.0) 95/16 (85.5)
Age (yr) 2.0+ 41 25655
White race/other) 75125 (75.00% 96/15 (86.4)t
BSA (m?) 1.88 = 0.7 1.80 £ 0.5

*100 age-matched trauma victims admitted to the surgical intensive care
unit during the same period as the study group. tp < 0.05. No other
differences between groups were significant. Values are expressed as number
(%) of patients or mean value = SD. BSA = body surface area.

0.001). In contrast, although proximal involvement of the
right coronary artery was noted in 33 hearts, the mid-right
coronary artery was involved in 2 hearts, and the distal right
coronary artery in 25 hearts (p = 0.144) (Fig. 9).

Incidence of severe coronary atherosclerosis (>50% nar-
rowing). As assessed by an index of >30% circumfereniial
area narrowing as a sign of significant atherosclerosis, the
hearts of 23 patients showed involvement, with signs of
single-vessel disease in 11, of two-vessel disease in 7 and of
three-vessel disease in 3. The age range of this group ranged
from 16 to 35 years (mean 27.6 + 5.4). They were predom-
inantly male (20 of 23) and white (21 of 23). Body surface
area ranged from 1.7 to 2.5 m* (mean 1.9 * 0.5). Heart
weight, when corrected for body surface area, averaged
208.4 + 78.1 g/m? (normal, 250 to 300 g for women and 300
to 350 g for men). There were no significant differences
between ihis group and the rest with less severe disease with
respect to age, gender, race, body surface area or heart
weight (Table 3). The preferential involvement of the prox-
imal segments of the major coronary arteries was again
noted, 11 involving the left anterior descending (10 of 11
proximal), 12 the left circumfiex (11 of 12 proximal) and 10
the right coronary artery (7 proximal, 1 mid and 2 distal)

Figure 8. Prevalence of coronary atherosclerosis (CAS) as related
to body mass index (BMI). Values on the vertical axis represent
number of victims.

Presence of CAS

60

30

30

60

BMI-25 BMI-30

Absence of CAS
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Table 2. Incidence of Coronary Atherosclerosis in Male
Trauma Victims

JACC Vol. 22. No. 2
August 1993:459-67

Table 3. Demographics of Groups With Mild and
Significant Disease*

CSA (%)
Mean ——
Age 75% to
Study Group No. (yr}  Incidence >50% 90%
Enos et al. (5) W 21 77.3 - —_
(Korean War)
Virmani et al, (4) M 20.5 56.0 190% 64%
(Korean War)
McNamara et al. (6) 108 221 45.0 - 5.0%
(Vietnam War)
(86.6% white)
University of Louisville 95 256 758 20%  9.0%
(present study)
(86.4% white)

CSA = crossssectional area narrowing.

(Fig. 10). The overall incidence of severe coronary artery
disease (between 75% and 90% area narrowing) in the male
patients was 9.0% and not significantly different from that in
earlier studies (6.4% for the Korean War casualties, p =
0.66, and 5% after the Vietnam War, p = 0.33). Lesions
>50% in area narrowing were noted in the left main coronary
artery in seven hearts.

No total occlusions were seen and ostial disease was rare.
Visual estimation of lesions noted at the time of autopsy was
often inaccurate when compared with subsequent micro-
scopic and planimetric examination. Although the more
severe lesions were often close to actual values, assessment
of less severe lesions was frequently underestimated.

Figure 9. Prevalence of coronary atherosclerosis by site. The left
anterior descending (LAD) and left circumflex (Cx) arteries were
more often involved proximally unlike the right coronary artery
(RCA), which was equally involved in both proximal (P) and distal
(D) segments. Values on the vertical axis epresent number of
involved hearts. LM = left main coronary artery.

60

50

40

30

20

10

Cx-P  Cx-D

p ¢ 0.001
SITE

RCA-P  MID RCA-D
p = 0,144

w LAD-P LAD-D
p ¢ 0,001

<50% CSA >30% CSA
Narrowing (n = 64) Narrowing (n = 23)

Male/female 5311 203

(82.8% M} 86.9% M)
Age (yn) 35.6x55 276+ 5.4
White race/other 5509 2112

B85.9% W) O11% W)
BSA (m} 1.8£05 1905
Heart weight (g/m?) 188.94 + 67.9 208,36 = 78.1

*There were no sigaificant differences between groups. M = male; W =
white; other abbreviations as in Tables 1 and 2.

Discussion

Previous studies. It has consistently been assumed that
the incidence of coronary atherosclerosis, as evaluated from
necropsy studies, increases in severity with advancing age
(8-10). A restudy of the problem by one group of investiga-
tors (11) in 100 consecutive men did not demonstrate a linear
increase in the incidence with age but did show that the
process increased rapidly in the 30- to 49-year age period,
reaching a maximum in the 50- to 59-year age group and
thereafter remaining at a fairly constant level. In examining
the incidence of coronary artery discase in the young,
Monckeberg (12) reported examining the coronary a“teries in
140 combat soldiers who died from injuries sustained in
World War [, The soldicrs had a mean age of 27.7 years, and
65 (46.4%) of the 140 had increased atherosclerotic plaque in
the coronary arteries. Frenck and Dock (13), in studying the
hearts of 80 young soldiers 20 to 36 years old who died of
sudden cardiac death noted that the basis for coronary

Figure 10. Prevalence of severe coronary atherosclerosis (>50%
area narrowing) and site of involvement. The proximal segments of
all three coronary arteries were more frequently involved than the
mid or distal segments. Values on the vertical axis represent number
of involved hearts. Abbreviations as in Figure 9.
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occlusion was arteriosclerosis in all cases. Myocardial scars,
indicative of earlier insults, were noted in 59%, with recent
infarction in 19%. More recent studies examining the inci-
dence of coronary artery disease in the young were pub-
lished in 1953 by Enos et al. (5), who reported their findings
in 300 autopsies on United States service personnel who died
in battle during the Korean War. The mean age was 22.1
years, and 77.3% of the hearts had some evidence of
coronary atherosclerosis, with findings ranging from mere
fibrous thickening to toial occlusions. Lumen narrowing was
estimated visually with no actual measurements being made,
and disease was most often found at bifurcation points.

Investigators at the Louisiana State University School of
Medicine (14) in their study of coronary atherosclerosis
evaluated grossly the extent of atherosclerotic lesions in the
coronary arteries obtained from 548 hospital and medico-
legal autopsies performed on patients 1 to 69 years old. They
found that white men <40 years old had a highes prevalence
and greater extent of all types of lesions. Their data thus
supported the hypothesis that coronary atherosclerosis was
the most significant determinant of cardiovascular mortality
in their study group and that coronary artery lesions devel-
oped carly in life, at least 20 years before the onset of
clinically manifest disease.

McNamara et al. (6) used postmortem coronary angiog-
raphy and dissection of the coronary arteries to study
atherosclerosis in 105 soldiers killed in Vietnam in 1971.
Although these investigators used plaque size to est:mate the
extent of disease, they found evidence of coronary athero-
sclerosis in only 45% of hearts, with 5% of hearts exhibiting
severe coronary atherosclerosis. They suggested that the
difference between their findings and those of the Korean
War study were possibly due to differences in the methods
used to study the degree of lumen compromise. Concluding
that the observed decrease in the incidence of coronary
atherosclerosis in young men was significant, this appeared
to correlate with the noted decrease in the incidence of
myocardial infarctions since the 1960s.

To confirm the findings from the Korean War, Virmani et
al. (4) restudied the hearts of 94 separate victims, this time
using computerized planimetry to determine the true area of
the artery, thereby eliminating errors that may have been
caused by compression and collapse. The mean age of this
group was 20.5 years, and six (6.4%) had evidence of severe
atherosclerosis (75% to 90% lumen narrowing), with micro-
scopic evidence of atherosclerosis in 56%. The investigators
observed that, although these studies could reflect a mean-
ingful downward trend in the incidence of coronary artery
disease, an autopsy study of the incidence and severity of
coronary atherosclerosis in trauma victims needed to be
conducted.

Risk factors for coronary atherosclerosis. These descrip-
tive studies of the natural history of atherosclerosis stimu-
lated investigations of the relation between risk factors and
atherosclerotic lesions. Epidemiologic studies, including the
Framingham study (15), were able to predict most of the
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potential victims of cardiovascular disease years before they
became ill. An increase in total to high density lipoprotein
cholesterol .atio, liyperiension, cigarette smoking, excess
weight, elevated blood sugar levels, lack of exercise, stress,
electrocardiographic (ECG) abnormalities and other factors
were associated with the development of these diseases.
Numerous other studies (16-18) have since confirmed these
findings and the fact that lowering these risk factors reduces
the subsequent rate of corenary heart disease, stroke and
other cardiovascular disease (19). The more recent report
from the PDAY Research Group (20), which examined
serum low density and high density lipoprotein cholestero!
concentrations in an autopsy series, also appeared to con-
firm that these factors and smoking were important determi-
nants of the early stages of atherosclerosis in the young.

We examined the coronary anatomy of young patients
because of the rising incidence of clinically significant coro-
nary artery diseas¢ we were seeing 2t our center in this age
group. None of the victims in the present study had died a
cardiac death or were receiving any cardiac medications. A
comparable group admitted during the same period included
a majority of smokers (68%), and a smaller proportion (15%)
with a family history of heart disease. Hypercholesterolemia
was seen infrequently (5%) and hypertension was noted in
6%. Although the body mass index (an indicator of obesity
and cardiovascular mortality) was within normal limits in the
majority of the patients who had undergone autopsy, 8 of the
10 who were significantly overweight had signs of coronary
artery involvement.

Limitations of autopsy studies. Effects of fixation and
processing on tissues. All autopsy studies are hampered by
experimcatal difficulties and limitations of postmortem as-
sessment of human coronary artery size and lumen narrow-
ing with the differential effects of tissue fixation and process-
ing on vessels. There is very little evidence, however, to
suggest that the ratio diameter of lesion to residual lumen
van be significantly altered by postmortem changes (21). The
histologic examination of 3-mm cross sections of coronary
art+cies perpendicular to the long axis of the vessel allows a
calcuiation of the length and degree of a stenosis that is
satisfactory and acceptable for comparative studies (22). By
staining the internal elastic lamina, deriving the areas en-
closed by this and the residual lumen, postmortem collapse
of the arteries that had not been injected before formalde-
hyde fixation was offset (4). Siegel et al. (23) studied 61
coronary artery segments to evaluate the potential effects of
tissue fixation and processing on postmortem histologic
measurements using planimetry to see if this could explain
some of the discrepancies between arteriographic and nec-
ropsy examination. In vessels with minimal narrowing,
fixation and processing resulted in a decrease in total cross-
sectional area narrowing, whereas absolute wall area (total
cross-sectional area minus lumen cross-sectional area) did
not change. Effectively lumen cross-sectional area de-
creased from 47.6 = 8.5% to 36.2 * 7% after processing. In
vessels with moderate to severe atherosclerosis, the total
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cross-sectional area and wall area decreased with no change
inlumen area. As a result, the percent cross-sectional area in
vessels increased from 21.1 + 10.1% before fixation to
28.7 + 9.7% aftter processing, Our methods of identifying the
degree of coronary vessel involvement began by identifying
the internal elastic lamina as the initial lumen with the
residual lumen expressed as a percent of this value, thereby
avoiding the effects of fixation and processing on the entire
thickness of the vessel wall.

Effects of systemic intravascular distending pressures.
There are concerns that the lack of an intravascular distend-
ing pressure to systemic pressures when examining for
coronary artery disease at autopsy will result in the plaque
falsely appearing to represent a greater portion of the vessel
circumference and lumen area because of the collapse of the
elastic fibers in the vessel wall and the relative rigidity of the
plaque material (6). The Korean War autopsy data involved
gross and microscopic examination of the coronary artery
tree, with no separation of fibrous thickening from actual
plaque involvement and no injection techniques. The 105
autopsies performed on the Vietnam War victims used
postmortem angiography, with X-ray films made of the
coronary artery after the injection of 5 ml of diatrizoate
sodium (Hypaque) to standard intravascular distending pres-
sures. The severity of atherosclerosis was judged based on
plaque size and extent of vessel involvement with no esti-
mation of lumen compromise, When the mechanical proper-
ties of the vessel wall were studied in the rabbit aorta by
Wolinsky and Glagov (24), they demonstrated that aortic
radius increased, whereas wall thickness decreased as in-
traluminal distending pressure increased from S to 80 mm Hg
with little change in vessel dimensions above phvsiologic
diastolic pressures, However, postmortem curonary angio-
grams have never been found to accurately depict the degree
of coronary artery narrowing, Gray et al. (25) perfused the
coronary .rtery tree in 15 patients using barium sulfate-agar
at a constant pressure of 150 mm Hg to equilibrium and
compared his findings to serial histologic sections of the
coronary arteries. In 36 of the 44 coronary arterial segments
narrowed >33% of tleir original area, the postmortem
angiogram underestimated the degree of narmwing, and in
20 of the 36 the degree of underestimation was severe.
Eusterman et al. (26) compared the degree of narrowing in
479 coronary artery segmeats from 50 hearts by postmortem
angiogram with that found by gross examination. In 73
segments with nonfocal narrowing >5 mm long, the post-
mortem angiogram underestimated the degree of lumen
narrowing in 53 (73%). In 74% of the scgments with focal
narrowing, when narrowing was underestimated, the error
was >350%. Thus perfusion pressure techniques, when used
to study coronary arteries at autopsy, appear to underesti-
mate the severity of coronary stenoses, especially when
focal, possibly because intravascular pressure distends a
weakened sclerotic wall, resuiting in the appearance of a less
severely involved vessel. The use of this technique may have
been responsible for the lower incidence of coronary artery
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involvement noted in studies performed on servicemen after
the Vietnam War.

Underestimation of severity of disease by coronary angiog-
raphy. Numerous studies have compared coronary arteriog-
raphy with the severity of coronary artery disease found at
autopsy. Kemp et al. (27) examined 131 major coronary
arteries in 29 patients and concluded that the degree of
coronary narrowing was underestimated angiographically
in 16 vessels and was functionally significant in only 3.
Vliedaver et al. (28) noted underestimation of lumen narrow-
ing in 44 (33%) of 134 coronary artery segments studied.
Others (21,29,30) have confirmed such underestimation,
although its frequency and severity have varied, with the
widest discrepancy noted in the more severe lesions. Rea-
sons for this undercstimation inclode the number of radio-
graphic views chosen; the projections used; the quality of
the arteriogram; diffuse involvement, which makes it less
likely to find a normal segment for comparison, and the
morphologic nature of the lesion, whether eccentric or
concentric. Moreover, a coronary angiographic lesion that
occupies <1% of the frame (ideally it should occupy 285%)
provides less accuracy than an image of a cross-sectional
arca photomicrograph for estimating the degree of cross-
sectional area narrowing (29}. Therefore, although coronary
angiographic findings continue to remain the standard for
assessing the presence and severity of occlusive coronary
artery disease and have correlated closely enough that
differences from the actual condition have been clinically
unimportant in most studies (29-31), underestimating the
degree of involvement may occur for the reasons cited.

Comments on results. Our incidence of early or progres-
sive atherosclerosis (75.8% in male patients, 78.3% overall)
is similar to that found at autopsy in Korean War service
personrel although it is significantly higher than that ob-
setved in the Vietnam War casualties, perhaps for reasons
related to the methodology used to assess coronary artery
involvement. Our study group was older (mean age 25.6 =
5.5 years) than that of the groups studied afier both the
Korean and Vietnam: conflicts, in which the mean age was
22.1 years but ctherwise demographically similar by race
and gender. Involvement of the left main coronary artery
was seen in 14 hearts {12.6%), with >%90% involvement in 2
hearts. As described in earlier studies {11), the proximal
segments of both the left anterior descending and left cir-
cumflex arteries appear to be more often involved than the
distal vessel before the branching points of either the diag-
onal or marginal branches. In contrast, the right coronary
artery was involved distally as frequently as it was proxi-
mally, a difference that may have importance clinically when
dealing with coronary artery disease in the young. Although
muitivessel disecase was seen in only 10 hearts, the lesions
were often significant with >50% narrowing. No demo-
graphic features separated this group from those with less
severe disease.

Conclusions. The following conclusions can be drawn
from the present study:
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1. The overall prevalence of coronary atherosclerosis i a
group 14 to 35 years old who died from noncardiac
causes was comparable with that noted after the Korean
War (78.3%). Narrowing >50% was seen in about
20.7%, with lesions >73% in 9.0%.

2. The major risk factors in a comparable group were
smoking and a family history of coronary artery disease.
Although extreme obesity was more frequently associ-
ated with signs of coronary atherosclerosis than was
normal weight, there was no correlation between athero-
sclerosis and body mass index.

3. Left main or significant two- and three-vessel disease
was present in =~20% of the study group. This subgroup
would be at significant risk for a cardiac event at a young
age.

Implications for prevention of coronary atherosclerosis in
the young. An estimated 1.25 million acnte myocardial in-
farctions occur annually in the U.S., resulting in 553,000
deaths (32). Differences in methodology have made it im-
practical to assess wheiher differences in the incidence of
coronary artery disease in the young represent a real de-
crease in coronary atherosclerosis. Although one study
(33,34) did show an apparent reduction in cardiovascular
deaths in young white men between 1969 and 1978, it is not
certain whether this reduction was due to a decrease in the
incidence of the underlying atherosclerotic lesions or to
beiter treatment of changes thiat cause the terminal ccclusive
episode. Continued surveillance of the exient of atheroscle-
rotic lesions measured at autopsy may be an effective
indicator of secular trends in coronary heart disease. Our
study further confirms that the disease process begins early
in life, and preventive measures designed to retard the
progression of atherosclerosis should be directed toward the
young for maximal benefit.
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