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Smoking and atherosclerosis in youth
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Abstract

Coronary heart disease is the most common cause of death in the US. Studies have demonstrated that smoking is a major risk
factor for coronary heart disease and that a positive relationship occurs between smoking and aortic and coronary atherosclerosis
in adults. In 1985, a multicenter cooperative study, Pathobiological Determinants of Atherosclerosis in Youth (PDAY), was
organized to study atherosclerosis in trauma victims 15–34 years of age. Reports from this study have demonstrated that smoking
is strongly associated with the prevalence and extent of grossly visible raised lesions in the abdominal aorta but only weakly
associated with similar lesions in the right coronary artery. Coronary arteries from 50 smokers and 50 non-smokers were classified
microscopically using a system developed by the American Heart Association in order to determine the stage at which smoking
affects atherosclerosis. Smokers had over twice as many advanced lesions, types IV and V, as non-smokers (32 vs 14%) and fewer
early lesions, types I, II, III, as non-smokers (38 vs 62%). The prevalence of advanced or types IV and V lesions (32%) was over
twice that of intermediate or type III lesions (14%) in smokers. The opposite relationship was observed in non-smokers (14 vs
26%). This observation suggest that intermediate lesions progress rapidly into advanced lesions in smokers and that intima
formerly having early lesions is replaced by intima with raised lesions. © 1999 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

Atherosclerosis begins in childhood with deposits of
lipid in macrophages and smooth muscle cells located
in the intima to form fatty streaks [1–3]. In young
adulthood, some fatty streaks become raised lesions
when intracellular and extracellular lipid accumulates
and a fibromuscular cap forms above the intima [4–7].
In middle aged individuals raised lesions continue to
progress to complicated lesions, which may lead to
ischemic clinical events [1].

Epidemiologic studies have identified numerous risk
factors that are associated with the clinical events re-
sulting from atherosclerosis [8]. These studies provide
strong evidence that smoking is a major risk factor for

coronary heart disease (CHD) and in 1983, the Public
Health Service Report on the Health Consequences of
Smoking stated that, ‘‘cigarette smoking is considered
the most important known modifiable risk factor for
coronary heart disease in the United States’’ [9].

Several autopsy studies have demonstrated a positive
relationship between smoking and atherosclerotic le-
sions in the aorta and coronary arteries of adults
[10–15]. Both the 1983 Surgeon General’s report [9]
and the 1983 review by Strong and Solberg [15] con-
cluded that smoking is associated with more severe
coronary artery lesions and that the effect of smoking
on atherosclerosis is more pronounced in the aorta than
in the coronary arteries of adults. At that time the
effect of smoking on atherosclerosis in young subjects
was unknown.

In 1985, a multicenter cooperative study titled Patho-
biological Determinants of Atherosclerosis in Youth
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(PDAY) was organized to study atherosclerosis in vic-
tims of traumatic death 15–34 years of age. A prelimi-
nary report demonstrated that smoking is positively
associated with the prevalence and extent of raised
lesions in the abdominal aorta and positively associated
with the prevalence of raised lesions in the right coro-
nary arteries of 390 young men [16]. Completion of the
collection phase of this study provided a larger number
of cases and allowed study of atherosclerosis and risk
factors in both men and women. The results confirmed
the preliminary report by demonstrating that smoking
is associated with more extensive fatty streaks and
raised lesions in the abdominal aorta in both men and
women and with the prevalence of raised lesions involv-
ing 5% or more of the intimal surface in the right
coronary arteries [17].

Most studies addressing the relationship of smoking
and atherosclerosis in autopsied subjects evaluated le-
sions grossly; microscopic examination was limited. Mi-
croscopic examination of a subset of the PDAY
material by Wissler et al. demonstrated a higher preva-
lence of fibrous plaques in coronary arteries of smokers
[18].

This report presents the results of microscopic studies
of coronary arteries from young smokers and non-
smokers in order to further clarify the relationship of
smoking to atherosclerosis.

2. Methods

2.1. Subjects studied

The PDAY archive at the Louisiana State University
Medical Center contains over 3000 subjects, black and
white, male and female, 15 to 34 years who died from
external causes. The subjects used for this study were
randomly selected and consisted of 50 white male
smokers and 50 white male non-smokers aged 25–34
years. These subjects were chosen because the preva-
lence of raised lesions is highest in this age group [1].

2.2. Serum thiocyanate le6els

Serum thiocyanate levels were measured colorimetri-
cally by the thiocyanate–ferric nitrate complex after
treatment of trichloroacetic acid filtrates of serum with
ferric nitrate. A subject was considered a smoker if his
postmortem serum thiocyanate level was ]90 mmol/l
[16,17].

2.3. Preparation of arteries

The arterial segment comprising the left main and
left anterior descending (LAD) coronary arteries was
fixed at autopsy by perfusion with 10% neutral buffered

formalin under 100 mmHg pressure. Standardized
PDAY core samples from either of two regions on the
LAD coronary artery were used for this study. The first
region was a 5-mm length of artery located immediately
distal to the bifurcation of the left main coronary
artery. The second region was a 5-mm length of artery
located adjacent and distal to the first region. The
second 5-mm region was used only if the first 5-mm
length was not available. The right coronary arteries
were preserved for gross visual evaluation of lesions
[16,17].

2.4. Histochemical staining

Two 6-mm sections were cut from each formalin
fixed, paraffin embedded tissue block. One section was
stained with hematoxylin–eosin and one with Gomori’s
trichrome aldehyde fuchsin [19]. Adjacent formalin
fixed frozen sections were cut at 20 mm on a cryostat
and stained for lipid using Oil Red O with Lillie
hematoxylin as a counterstain [18,20].

2.5. Classification of lesions

The stained sections were evaluated independently by
three pathologists (without knowledge of smoking
status), and each case was classified using a system
developed by the Committee on Vascular Lesions of the
Council on Arteriosclerosis of the American Heart
Association [6,7,21]. This classification system includes
adaptive intimal thickening of the coronary artery (a
normal, self-limited phenomenon not considered as a
lesion), early lesions that correspond grossly to fatty
streaks (types I, II, and III), and advanced or raised
lesions that are clinically significant (types IV, V, and
VI). A summary of this classification scheme is illus-
trated in Fig. 1 [21].

2.6. Statistical analysis

Differences in the distribution of lesion types between
the non-smoking and smoking groups were determined
using x2 test analysis.

3. Results

Results of the classification of the histological sec-
tions of the coronary arteries are summarized in Table
1. The prevalence of type IV (atheroma) and type V
(fibroatheroma) lesions is increased (32 vs 14%) and the
prevalence of type III (intermediate) lesions is decreased
(14 vs 26%) in smokers compared to non-smokers.
Type II fatty streaks are less prevalent in the smoking
group. There were no type VI (complicated lesions)
identified in this subset of coronary arteries.
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Fig. 1. American Heart Association classification system for
atherosclerotic lesions. The type I (initial) lesion, which consists of
small, isolated groups of macrophages containing lipid droplets, is
not shown in this figure (with permission from Stary [21]).

Fig. 2. Distribution of left anterior descending coronary arteries from
100 white men aged 25–34 years by type of atherosclerotic lesion in
smokers and non-smokers. P=0.0345.

and advanced lesions (types IV and V). Smokers have
twice as many advanced lesions (associated with prolif-
erative activity) and fewer early lesions (predominantly
associated with lipid accumulation) when compared to
the non-smokers.

Fig. 3 shows associations between intermediate le-
sions (type III), advanced lesions (types IV and V), and
smoking status. The twofold increased prevalence of
advanced lesions compared to intermediate lesions in
smokers markedly contrasts with the nearly twofold
decreased prevalence of advanced lesions when com-
pared to intermediate lesions in non-smokers.

4. Discussion

The results show that the proximal LAD coronary
artery sections from smokers have twice as many ad-
vanced lesions and half as many intermediate lesions
compared to non-smokers. This observation suggests
that smoking begins to affect atherosclerosis at the type
IV lesion stage. The observation also suggests that in
smokers there is a rapid progression from intermediate
lesions into advanced lesions and that intima formerly
containing early lesions has been replaced by raised
lesions. This stage in progression occurs at the point

Fig. 2 shows a significant difference (P=0.0345)
between smokers and non-smokers in the distribution
of lesions grouped as none (no lesion and adaptive
intimal thickening), early lesions (types I, II, and III),

Table 1
Histological classification of atherosclerotic lesions of left anterior
descending coronary arteries from 100 white men age 25–34 years
using the AHA system

Lesion type Smokers (n=Non-smokers
50)(n=50)

% nn %

12 24 15 30None
Type I (initial) 2121

1134 2217Type II (fatty streak)
13Type III (intermediate) 26 7 14

1 2Type IV (atheroma) 5 10
221112Type V (fibroatheroma) 6

Fig. 3. Distribution of intermediate lesions (type III) versus advanced
lesions (types IV and V) by smoking status in the LAD coronary
arteries. P=0.0337.
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between lesions predominantly associated with lipid
accumulation (intermediate or type III lesions) and
those associated with proliferation or increased fibrous
tissue (advanced or types IV and V lesions).

The type III lesion, known as the preatheroma or
intermediate lesion (intermediate lesion is the term used
in this study), indicates progression from a fatty streak
to an advanced lesion. Since sampling the same lesion
over time is impossible, this classification represents a
deduced temporal sequence that is based on lesions
taken from standardized locations from many persons
of different ages. Therefore, it is impossible to deter-
mine if these lesion types truly represent the progression
seen in an individual lesion. However, this classification
scheme provides a way to circumstantially extrapolate
the evolution of lesions in a systematic, reproducible
manner.

The results of our study are similar to those based
upon a different microscopic classification system de-
signed by Wissler et al. [18], which showed a higher
prevalence of advanced lesions in smokers when com-
pared to non-smokers. They divided the intermediate
atherosclerotic lesion into four categories based on
intracellular lipid localization (macrophages vs. smooth
muscle cells), extracellular lipid deposition, and the
presence of lymphocytes. The gross counterpart for the
microscopic intermediate lesion defined by Wissler et al.
is the ‘fatty plaque’, which represents a distinct subtype
of fatty streak. Results from both studies support the
findings of the previous PDAY studies of lesions, which
were graded by gross visual evaluation [16,17].

Another study by Wissler et al. of PDAY cases
showed that 72% of type V lesions occurred in smokers,
a higher proportion than for any other risk factor [22].

The effects of smoking on the cardiovascular system
include increased coronary vascular resistance, reduc-
tion of oxygen delivery, increased viscosity of blood,
enhancement of platelet aggregation, increased fibrino-
gen concentration, depression of HDL cholesterol con-
centration, and possibly acute increases in blood
pressure [23]. The specific mechanisms by which
cigarette smoking accelerates atherosclerotic lesion pro-
gression are not known. Of the more than 400 different
compounds identified in tobacco smoke, nicotine and
carbon monoxide are the constituents most often cited
as having both supporting data and a rational role in
the pathogenesis of atherosclerosis [24]. Free radicals
have also been implicated as having a potential role in
smoking-related atherogenesis [23].

Studies reviewed by Stein et al. demonstrated an
association between smoking and oxidized LDL [25].
Scanlon et al., using aorta samples from the PDAY
archives, demonstrated that oxidized LDL deposits are
more extensive in fatty streaks and fatty plaques (inter-
mediate lesions) in smokers than in non-smokers [26].

Advanced glycosylation end products (AGEs) were
linked to atherosclerotic cardiovascular disease by the
observation that AGEs were deposited in lesions of
adult diabetics [27]. A previous PDAY study demon-
strated that elevated glycohemoglobin levels were asso-
ciated with accelerated atherogenesis in the third and
fourth decades of life [28]. Reactive glycation products
are present in aqueous extracts of tobacco and in
tobacco smoke in a form that can rapidly react with
proteins to form advanced glycosylated end products
[29]. AGE modification of Apo B prevents the normal
uptake of LDL by tissue LDL receptors, thereby in-
creasing circulating LDL levels [30], and AGE-apolipo-
protein B and serum AGE levels are higher in smokers
when compared to non-smokers [29]. These tobacco
‘glycotoxins’ may prove to play a central role in the
progression of atherosclerosis associated with smoking.

Whether primary prevention of adult coronary heart
disease should begin in youth with diet modifications
has been a controversial issue because of the possibility
of adverse effects. Promoting the avoidance of tobacco
usage to reduce the risk of cardiovascular disease poses
no hidden risks for young or adult individuals. There-
fore, evidence linking smoking with the progression of
atherosclerosis and CHD in youth strongly supports a
mandate for intervention to prevent smoking in youth.

5. Conclusion

Microscopic studies of perfusion fixed left anterior
descending coronary artery show that smokers have a
higher prevalence of advanced lesions than non-smok-
ers. Previous reports from the PDAY study, based on
gross evaluation alone, have underestimated the effects
of smoking on the coronary arteries.
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