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ABSTRACT

Background In adults, cardiovascular risk factors
reinforce each other in their effect on cardiovascular
events. However, information is scant on the relation
of multiple risk factors to the extent of asymptomatic
atherosclerosis in young people.

Methods We performed autopsies on 204 young
persons 2 to 39 years of age, who had died from var-
ious causes, principally trauma. Data on antemortem
risk factors were available for 93 of these persons,
who were the focus of this study. We correlated risk
factors with the extent of atherosclerosis in the aorta
and coronary arteries.

Results The extent of fatty streaks and fibrous
plagues in the aorta and coronary arteries increased
with age. The association between fatty streaks and
fibrous plaques was much stronger in the coronary
arteries (r=0.60, P<0.001) than in the aorta (r=0.23,
P=0.03). Among the cardiovascular risk factors, body-
mass index, systolic and diastolic blood pressure,
and serum concentrations of total cholesterol, tri-
glycerides, low-density lipoprotein cholesterol, and
high-density lipoprotein cholesterol, as a group, were
strongly associated with the extent of lesions in the
aorta and coronary arteries (canonical correlation [a
measure of the association between groups of vari-
ables]: r=0.70; P<0.001). In addition, cigarette smok-
ing increased the percentage of the intimal surface
involved with fibrous plaques in the aorta (1.22 per-
cent in smokers vs. 0.12 percent in nonsmokers,
P=0.02) and fatty streaks in the coronary vessels
(8.27 percent vs. 2.89 percent, P=0.04). The effect of
multiple risk factors on the extent of atherosclerosis
was quite evident. Subjects with 0, 1, 2, and 3 or
4 risk factors had, respectively, 19.1 percent, 30.3 per-
cent, 37.9 percent, and 35.0 percent of the intimal
surface covered with fatty streaks in the aorta (P for
trend=0.01). The comparable figures for the coro-
nary arteries were 1.3 percent, 2.5 percent, 7.9 per-
cent, and 11.0 percent, respectively, for fatty streaks
(P for trend=0.01) and 0.6 percent, 0.7 percent, 2.4
percent, and 7.2 percent for collagenous fibrous
plaques (P for trend=0.003).

Conclusions These findings indicate that as the
number of cardiovascular risk factors increases, so
does the severity of asymptomatic coronary and aor-
tic atherosclerosis in young people. (N Engl J Med
1998;338:1650-6.)
©1998, Massachusetts Medical Society.
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THEROSCLEROSIS leading to coronary

heart disease is complex in origin. In-

volved in the pathogenesis of atheroscle-

rosis are hemodynamic, thrombotic, and
carbohydrate—lipid metabolic variables, along with
intrinsic characteristics of the arterial wall.! These
physiologic and biochemical factors underlie the clin-
ical events that may eventually occur. Environmental
factors such as smoking or a sedentary lifestyle also
contribute to this process. The progression of ath-
erosclerotic disease and the increasing severity of
atherosclerosis relate not only to the presence and
extent of cardiovascular risk factors but also to the
persistence of risk factors over time.23 Sudden death
may occur in a young person with only a single le-
sion complicated by a coronary thrombus, without
extensive vessel disease. Consequently, the extent of
vascular lesions may not be directly related to the
occurrence of clinical events, such as myocardial in-
farction. Morbidity due to coronary artery disease,
however, is generally related to the extent of vascular
lesions.* In this regard, clinical risk factors are con-
sidered to be useful in predicting the severity of
atherosclerosis.

Epidemiologic studies have established that multi-
ple risk factors increase the probability of cardiovas-
cular events, since cardiovascular risk factors tend to
reinforce each other in their influence on morbidity
and mortality.¢ Although a specific risk factor influ-
ences the risk that a person will have cardiovascular
disease, risk factors tend to aggregate and usually ap-
pear in combination. Furthermore, since clustering
of risk factors is evident in childhood and persists
into young adulthood,”10 the presence of multiple
risk factors could indicate the acceleration of athero-
sclerosis in young people.

Coronary arteriography has contributed consider-
ably to elucidating the relation of the severity of cor-
onary artery disease to cardiovascular risk factors.
Unfortunately, assessing the extent of atheroscle-
rotic coronary lesions by this invasive method in
asymptomatic young people is not practical, and its
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value is limited as compared with that of actual an-
atomical observations.!! Autopsy data from epidemi-
ologic studies have shown a relation between coro-
nary artery disease and cardiovascular risk factors;
for example, high serum total cholesterol concentra-
tions and cigarette smoking are important contribu-
tors to the development of coronary atherosclerosis.®
Autopsy studies from the Bogalusa Heart Study have
demonstrated a strong association of specific ante-
mortem risk factors with vascular lesions in children
and young adults.!213 These observations have been
extended by the findings in a larger, multicenter post-
mortem study, Pathobiological Determinants of Ath-
erosclerosis in Youth.!#17 Multiple risk-factor data col-
lected ante mortem in the Bogalusa Heart Study can
be applied further to autopsy data. In this study we
examined the influence of multiple risk factors on
the extent of atherosclerosis in the aorta and coro-
nary arteries in young people.

METHODS
Study Population

The Bogalusa Heart Study is a long-term epidemiologic study
of cardiovascular risk factors from birth through the age of 38
years in a biracial population (65 percent white and 35 percent
black).1$19 Seven cross-sectional surveys, each including more
than 3500 children, have been carried out since 1973. Since
1978, five follow-up surveys have been conducted among young
adults who participated in previous cross-sectional surveys as chil-
dren. Participation rates ranged from approximately 80 percent
for school-age children to approximately 60 percent for the adult
cohort. To date, data have been collected on approximately
14,000 people.

For the autopsy studies, a local information system was estab-
lished in 1978 to obtain the family’s or coroner’s consent to con-
duct an autopsy after the death of a young person. For practical
and logistic reasons, an autopsy was conducted on any resident of
Washington Parish in Bogalusa, Louisiana, or adjacent parishes
who died between the ages of 2 and 39 years. Not all the young
people who died in this area had been eligible for the Bogalusa
Heart Study’s survey of cardiovascular risk factors, which was re-
stricted to ward 4 of Washington Parish. Most deaths were due
to accidents or homicide; only about 10 percent were due to re-
nal, neoplastic, or infectious diseases or suicide. Autopsies were
conducted in local funeral homes or in hospitals in adjacent com-
munities, and selected tissues (including the heart and coronary
arteries, aorta, and kidneys) were brought to the Department of
Pathology at Louisiana State University Medical Center in New
Orleans for study.

As of January 1996, specimens had been collected at autopsy
from 86 white males, 52 black males, 36 white females, and 30
black females, representing more than 60 percent of all known
eligible deaths. The mean (+SD) age at death ranged from
20.4*6.6 years among white females to 21.8£6.8 years among
black males. Of the 204 persons examined at autopsy, 93 had pre-
viously been surveyed as part of the Bogalusa Heart Study and
therefore had provided data on antemortem risk factors. Among
these 93 persons, the mean age at death was 19.6%5.7 years for
the 41 white males, 20.4=6.2 years for the 19 white females,
21.7+5.2 years for the 23 black males, and 22.4+6.0 years for
the 10 black females.

Characterization of Cardiovascular Risk Factors

Essentially the same protocols were used in all surveys. The
methods used to measure each risk factor have been described in

detail previously.! Height was measured to the nearest 0.1 cm
and weight to the nearest 0.1 kg. Body-mass index (the weight in
kilograms divided by the square of the height in meters) was used
as a measure of obesity.

Blood pressure was measured in the right arm, with the subject
in a relaxed, sitting position. The average of six measurements
(three taken by each of two examiners) with a mercury sphygmo-
manometer was used in all analyses. The fourth Korotkoft phase
was considered the diastolic blood pressure. Cigarette-smoking
status, which was assessed by a questionnaire beginning at the age
of eight and continuing through adulthood, was measured in
terms of the number of cigarettes smoked per week.20 Serum total
cholesterol, triglycerides, and high-density lipoprotein (HDL)
and low-density lipoprotein (LDL) cholesterol were measured by
standardized procedures,?! which met the performance require-
ments of the lipid-standardization program of the Centers for
Disease Control and Prevention.

Evaluation of Atherosclerotic Lesions

At autopsy, the aorta and coronary arteries were opened longi-
tudinally and stained with Sudan IV to localize lipid deposition.
The extent of the intimal surface that was covered with fatty
streaks and raised fibrous plaques in the vessels was graded visu-
ally according to procedures developed in the International Ath-
erosclerosis Project?2; these procedures are currently used by the
Department of Pathology at Louisiana State University Medical
Center. The pathologists grading the lesions were unaware of the
subjects’ risk-factor data. Briefly, the grader first estimated the
percentage of the total intimal surface area involved with any ath-
erosclerotic lesion and then estimated the percentage distribution
of fatty streaks, fibrous plaques, complicated lesions (those with
evidence of hemorrhage, ulceration, necrosis, or thrombosis, with
or without calcification), and calcified lesions within this lesion-
covered area. The recorded percentages of individual types of le-
sions within the lesion-covered area were converted to percent-
ages of the total intimal surface area by multiplying each estimate
by the fraction of intimal surface area covered with atherosclerotic
lesions.

Three pathologists evaluated the vessels independently; the ex-
tent of atherosclerosis was expressed as the mean of the three val-
ues assigned by these pathologists for the percentage of the inti-
mal surface covered by lesions. The prevalence of atherosclerotic
lesions was defined as the percentage of persons studied who had
at least minimal sudanophilic intimal deposits.

Statistical Analysis

We used z scores (standardized values) specific for the study
period, race, sex, and age to eliminate the effects of age, race, sex,
and potential variations in laboratory measurements on the ante-
mortem risk-factor variables. For the 65 persons whose risk-factor
status was assessed more than once, we used the average of the
adjusted levels. Risk factors were defined as values above the 75th
percentile (specific for study period, race, age, and sex) for the
group as a whole. Antemortem values for very-low-density lipo-
protein cholesterol and triglyceride values in nonfasting subjects
were not included in the analyses.

Spearman correlation analysis was used to examine the associ-
ation between the extent of fatty-streak or fibrous-plaque lesions
in the aorta and coronary arteries and age at death and the
z scores of individual risk-factor variables. A multivariate tech-
nique, referred to as canonical correlation analysis, was then used
to examine the association between the two sets of variables —
that is, the antemortem risk-factor variables and the extent of fat-
ty-streak and fibrous-plaque lesions in the aorta and coronary ar-
teries. The prevalence of atherosclerosis in various age groups
was evaluated with a chi-square test. The influence of cigarette
smoking on the extent of atherosclerosis and the effect of mul-
tiple risk factors on the extent of atherosclerosis were evaluated
with analysis of covariance after the extent of lesions was adjusted
for race, sex, and age at death; subjects with no risk factors were
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Figure 1. The Prevalence of Fibrous-Plaque Lesions in the Aorta and Coronary Arteries in 204 Children

and Young Adults, According to Age.

There is a consistent trend toward a greater prevalence of coronary-artery lesions with increasing age

(P=0.001).

compared with those with one, two, and three or four risk fac-
tors. All statistical tests were two-sided. SAS software was used
for all analyses.23

RESULTS
Prevalence, Extent, and Interrelations of Lesions

Essentially all persons in the age groups we stud-
ied had fatty streaks in the aorta. In contrast, the
prevalence of fatty streaks in the coronary arteries
increased with age from approximately 50 percent at
2 to 15 years of age to 85 percent at 21 to 39 years
(P=0.01). The prevalence of raised fibrous-plaque
lesions in the aorta and coronary arteries is shown in
Figure 1. In the aorta, there was a trend toward in-
creasing prevalence with age (P=0.001), especially
after the age of 15 years; prevalence increased to 60
percent by the age of 26 to 39 years. In the coronary
vessels, this age-related trend was even more consis-
tent (P=0.001), with the prevalence increasing from
8 percent at 2 to 15 years to 69 percent at 26 to 39
years.

For each type of lesion, there was a trend toward
involvement of an increasing percentage of the inti-
mal surface with increasing age. In the aorta, the
mean (+=SD) percentage of the surface involved with
fatty streaks increased from 13.8*+15.5 percent at
2 to 15 years of age to 28.8*+15.3 percent at 26 to
39 years (P<<0.001), and the percentage involved
with fibrous plaques increased from 0.2+0.5 per-
cent to 4.0+7.4 percent, respectively (P<<0.001). In
the coronary arteries, the percentage of the surface
involved with fatty streaks increased from 0.5+0.7
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percent to 7.1£8.2 percent (P<<0.001), and the per-
centage involved with fibrous plaques increased from
0.2£0.9 percent to 6.9+11.4 percent (P<0.001).

With respect to the interrelation of types of le-
sions in the aorta and coronary arteries, the correla-
tion of the extent of fatty streaks and fibrous plaques
in the aorta with the extent of lesions of the same
type in the coronary arteries was only moderate
(r=0.36 to 0.37, P=0.001). Furthermore, the cor-
relation between the extent of fatty streaks and that
of fibrous plaques was much greater in the coronary
arteries (r=0.60, P<<0.001) than in the aorta (r=
0.23, P=0.03).

Relation of Lesions to Specific Risk Factors

Correlations between the extent of lesions and
specific antemortem risk factors are shown in Table
1. The extent of atherosclerotic lesions correlated
positively and significantly with body-mass index,
systolic blood pressure (except in the case of fibrous
plaques in the aorta), diastolic blood pressure (this
was true only for fibrous plaques in the coronary ar-
teries), serum total cholesterol concentrations (ex-
cept for fibrous plaques in the aorta and coronary ar-
tery), serum LDL cholesterol concentrations (except
for fibrous plaques in the aorta), and serum triglyc-
eride concentrations (except for fatty streaks in the
aorta). Furthermore, canonical correlation analysis
showed that the extent of fatty-streak and fibrous-
plaque lesions in the aorta and coronary vessels as
a group were associated moderately strongly with
body-mass index (r=0.48), systolic blood pressure
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TABLE 1. CORRELATION BETWEEN THE EXTENT
OF LESIONS IN THE AORTA AND CORONARY ARTERIES
AND ANTEMORTEM RISK-FACTOR VARIABLES.*

Risk-FACTOR VARIABLE AORTA CORONARY ARTERIES

FATTY FIBROUS FATTY FIBROUS

STREAKS ~ PLAQUES STREAKS ~PLAQUES

Body-mass index 0.33t 0.24% 0.41§ 0.291

Systolic blood pressure 0.311 0.17 0.47§ 0.41§

Diastolic blood pressure 0.14 0.10 0.18 0.24%
Total cholesterol 0.54§ 0.15 0.26% 0.23

LDL cholesterol 0.54§ 0.16 0.29% 0.321
HDL cholesterol -0.03 0.05 -0.14 -0.12

Triglycerides 0.23 0.26% 0.321 0.37t

*Values shown are Spearman correlation coefficients. In this analysis, we
used average z scores for risk factors in subgroups, defined by age, race,
and sex, of all participants in the cross-sectional surveys. Although there
was a total of 93 participants, because of missing data, the numbers used
varied from 65 to 86, depending on the variables.

1P<0.01.

$P<0.05.

§P<0.001.
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(r=0.55), serum triglyceride concentrations (r=
0.50), and LDL cholesterol concentrations (r=0.43)
and associated weakly with diastolic blood pressure
(r=0.22) and HDL cholesterol concentrations (r=
—0.16). On the other hand, antemortem risk-factor
variables as a group were most strongly associated
with the extent of fatty streaks in the coronary arter-
ies (r=0.55), followed by the extent of fibrous plaques
in the coronary arteries (r=0.52), fibrous plaques in
the aorta (r=0.40), and fatty streaks in the aorta
(r=0.38). Overall, the highest canonical correlation
between antemortem risk-factor variables and the
extent of lesions in the aorta and coronary arteries
was 0.70 (P<<0.001).

The influence of cigarette smoking on the preva-
lence and extent of aortic and coronary-artery le-
sions is shown in Figure 2. The prevalence of lesions
in these vessels was similar in the 15 smokers and the
34 nonsmokers (for the remaining subjects, smok-
ing status was unknown). The mean (£SE) percent-
age of the intimal surface involved with fibrous-plaque
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Figure 2. The Influence of Cigarette Smoking on the Prevalence (Top Panels) and Extent (Bottom Pan-
els) of Atherosclerosis in the Aorta and Coronary Arteries in Children and Young Adults.

There were 34 nonsmokers and 15 smokers among the 93 subjects; for the remaining subjects, smok-
ing status was unknown. Even though the lifetime amount of smoking may be relatively low at young

ages, its adverse effects are obvious.
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lesions in the aorta was higher in smokers than in
nonsmokers (1.22+0.62 percent vs. 0.12+0.07 per-
cent, P=0.02), as was the percentage involved in fat-
ty-streak lesions in the coronary vessels (8.27+3.43
percent vs. 2.89*0.83 percent, P=0.04).

Relation of Lesions to Multiple Risk Factors

The mean percentage of the intimal surface cov-
ered by lesions in patients with different numbers of
risk factors (0, 1, 2, and 3 or 4) is shown in Figure
3. The risk factors we evaluated included body-mass
index, systolic blood pressure, serum triglyceride con-
centration, and serum LDL cholesterol concentra-
tion. In subjects with 0, 1, 2, and 3 or 4 risk factors,
19.1 percent, 30.3 percent, 37.9 percent, and 35.0
percent, respectively, of the intimal surface area was
involved with fatty streaks in the aorta (P for
trend=0.01). In the coronary arteries, 1.3 percent,
2.5 percent, 7.9 percent, and 11.0 percent, respec-
tively, of the intimal surface was involved with fatty
streaks (P for trend=0.01), and 0.6 percent, 0.7 per-
cent, 2.4 percent, and 7.2 percent was involved with
collagenous fibrous plaques (P for trend=0.003).
The extent of fatty-streak lesions in the coronary ar-
teries was 8.5 times as great in persons with three or
four risk factors as in those with none (P=0.03),
and the extent of fibrous-plaque lesions in the coro-
nary arteries was 12 times as great (P=0.000).

40 P=0.01

P=0.01

Intimal-Surface Involvement (%)

Aorta

Coronary
Arteries

Fatty Streaks

DISCUSSION

Observations from autopsy studies by the Boga-
lusa Heart Study and the multicenter Pathobiological
Determinants of Atherosclerosis in Youth study clear-
ly documented a strong relation between coronary
atherosclerosis and cardiovascular risk factors in young
people.l217 Our observation that specific antemor-
tem risk factors such as elevations in body-mass in-
dex, systolic blood pressure, serum LDL cholesterol
concentration, and serum triglyceride concentration
and cigarette smoking are significantly related to the
extent of atherosclerotic lesions in young people is in
agreement with the findings in those studies. Fur-
thermore, the prevalence and extent of lesions in the
coronary arteries, especially fibrous-plaque lesions that
encroach on the lumen, increased with age in the
young people we studied. Previous studies of the nat-
ural history of atherosclerosis indicated that in popu-
lations with high rates of premature coronary artery
disease, advanced lesions begin to appear with great-
er frequency during childhood and young adult-
hood.?* Although there has been some question
about the clinical significance of fatty streaks in the
aorta, which some suggest are evanescent, their pres-
ence in association with fibrous plaques in coronary
vessels is considered to indicate that atherosclerosis is
progressive and severe.?s In the current study, the
correlation between the extent of fatty streaks and
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Figure 3. The Effect of Multiple Risk Factors on the Extent of Atherosclerosis in the Aorta and Coronary

Arteries in Children and Young Adults.

Values shown are the percentages of the intimal surface covered with lesions in subjects with 0, 1, 2,
and 3 or 4 risk factors. Risk factors were elevated values for body-mass index, systolic blood pressure,
and serum triglyceride and LDL cholesterol concentrations, defined as values above the 75th percentile
for the study group (specific for study period, race, sex, and age). There were 52 subjects with no risk
factors, 20 with one, 14 with two, and 7 with three or four. The P value is based on the analysis of
trend. A marked increase in the percentage of the intimal surface covered by fibrous plaques is evident
in the coronary vessels of subjects with multiple risk factors.
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that of fibrous plaques was much greater in the cor-
onary arteries than in the aorta. Also, the proportion
of collagenous fibrous plaques in relation to fatty
streaks was greater in the coronary vessels than in the
aorta.

We found that the extent of atherosclerotic lesions
in the coronary vessels increased markedly in young
people with multiple risk factors. This finding sup-
ports the concept that multiple risk factors have a
synergistic effect on morbidity and mortality from
coronary heart disease in middle age and later, as has
been demonstrated by epidemiologic studies such as
the Framingham Study.26 We could not examine the
effect of multiple risk factors on the extent of ath-
erosclerosis separately according to race and sex be-
cause of the small numbers of persons in each group
within our sample.

The multiple risk factors we evaluated included
high values for body-mass index, systolic blood pres-
sure, and LDL cholesterol and triglycerides in se-
rum. Cardiovascular risk factors such as dyslipi-
demia, hypertension, hyperinsulinemia or insulin
resistance, and obesity often coexist in both children
and young adults.?10 Since the clustering of these
conditions — termed syndrome X,?” the deadly
quartet,? or insulin-resistance syndrome?® — is seen
so frequently, a common pathophysiologic mecha-
nism involving insulin resistance has been suggested.
Although we did not measure plasma insulin and
glucose concentrations as indicators of carbohy-
drate—lipid metabolism, it is reasonable to suggest
that these variables may be part of the cluster of risk
factors in the study population, as we have shown
previously.®1030 In this regard, the effects of elevated
glycosylated hemoglobin concentrations and of obe-
sity on atherosclerosis are evident throughout the
group of 15-to-34-year-old subjects in the Pathobi-
ological Determinants of Atherosclerosis in Youth
study.1¢

Our observation that the extent of fatty-streak le-
sions in the coronary vessels of children and young
adults was higher in cigarette smokers than in non-
smokers is in agreement with the findings of the
Pathobiological Determinants of Atherosclerosis in
Youth study.!+17 Therefore, it is to be expected that
cigarette smoking by young people who have multi-
ple other risk factors will adversely influence the ex-
tent of coronary atherosclerosis.

The effects of multiple risk factors on coronary
atherosclerosis give further justification for the eval-
uation of cardiovascular risk in young people and
provide a rationale for both prevention and inter-
vention. It may be important to focus on multiple
cardiovascular risk factors early in life, rather than on
a specific risk factor, such as hypercholesterolemia.
Interventions related to modifiable risk factors, such
as the prevention of smoking, weight control, and

encouragement of physical exercise and a prudent
diet, if undertaken early in life, may retard the devel-
opment of atherosclerosis.
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