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Noninvasive Assessment of Gender Differences in Coronary Plaque
Composition with Multidetector Computed Tomographic

Angiography

Khurram Nasir, MD, MPHa,b,*, Ambarish Gopal, MDc, Ron Blankstein, MDd, Naser Ahmadi, MDc,
Raveen Pal, MDc, Faisal Khosa, MDe, Leslee J. Shaw, PhDf,†, Roger S. Blumenthal, MDa, and

Matthew J. Budoff, MDc,†

To date, sparse data are available with regard to gender differences in plaque morphology
and composition. The aim of the present report was to assess the differences in coronary
plaque burden and composition in a noninvasive manner between women and men using
multidetector computed tomographic angiography. The study population consisted of 416
patients (61 � 13 years), with 148 women (36%). A stenosis of >70% in at least one
coronary segment was found in 11% of women compared to 25% of men (p <0.0001).
Overall, women presented with a significantly lower mean number of segments containing
calcified plaques (1.43 � 2.04 vs 2.25 � 2.30, p � 0.004) and mixed plaques (1.67 � 1.23
vs 2.25 � 2.30, p � 0.05). No such relation was seen with noncalcified plaques (0.72 � 1.01
vs 0.86 � 1.06, p � 0.21). In addition, the assessment of the overall proportion of the
composition of plaque burden revealed relatively more noncalcified (40% vs 28%), less
calcified (38% vs 43%), and mixed (23% vs 28%) plaques in women than in men
(p <0.0001). On multivariate analysis of the total plaque burden, the women had a 19%
(95% confidence interval 11% to 28%, p <0.0001) greater relative distribution of plaque
that was noncalcified compared to the men, and the overall plaque burden was less likely
to be calcified (p � 0.006) or mixed (p � 0.019). Similar results were seen in younger and
older subjects. In conclusion, gender differences exist, not only in the atherosclerotic disease
burden, but also in the underlying plaque composition. Women tended to have more
exclusively noncalcified plaque and were less likely to have calcified or mixed plaques
compared to men. Future studies are needed to elucidate whether these underlying differ-
ences in plaque composition might explain the reduced risk of cardiac events in

women. © 2010 Elsevier Inc. All rights reserved. (Am J Cardiol 2010;105:453–458)
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The advent of multidetector computed tomographic an-
iography (MDCTA) has provided the ability to obtain
omprehensive information regarding the location, severity,
nd characteristics of coronary atherosclerotic plaques, such
s noncalcified, calcified, and mixed plaques.1–3 Coronary
therosclerotic plaque composition, rather than the plaque
ize or the degree of coronary artery stenosis, has been
hown to be an important determinant of the evolution and
isruption of the plaque.4,5 The greater coronary artery
isease (CAD) event rates in men compared to women
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ould be a result of the differences in coronary plaque
urden6–9 and composition.10,11 Therefore, understanding
he gender differences in plaque characteristics might be
ital in understanding the gender-related differences in
AD. Thus, the purpose of the present study was to
valuate whether gender differences in the extent and
omposition of coronary plaques could be observed using
oronary MDCTA.

ethods

We evaluated 416 consecutive, symptomatic patients
ith an intermediate to high risk of CAD who had been

eferred for MDCTA. The institutional review board com-
ittee board of the Los Angeles Biomedical Research In-

titute at Harbor-UCLA Medical Center (Torrance, Califor-
ia) approved the study protocol and consent form.
DCTA was requested for indications that included chest

ain, shortness of breath, abnormal or equivocal stress test
ndings, cardiomyopathy, congestive heart failure, and syn-
ope. Most patients presented for an evaluation of chest pain
346 of 416 [83%]). No gender differences were seen in the
ndication for MDCTA. In addition, none of the patients had
ad previous myocardial infarction or known CAD. The

aseline demographic data, a history of hypertension, hy-
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erlipidemia, and diabetes mellitus, smoking, and a family
istory of CAD were collected for all patients.

All multidetector computed tomographic angiographic
cans were performed with a 64-detector row Lightspeed
CT scanner (GE Healthcare, Milwaukee, Wisconsin). All
atients were in normal sinus rhythm at MDCTA. The
atients presenting with a baseline heart rate �65 beats/min
ere administered oral �-blocker therapy as the preferred

igure 1. Frequency of women and men with plaque subtypes in presence
f CAD.

able 1
haracteristics of study population according to gender

haracteristic Women
(n � 148)

Men
(n � 268)

p Value

ge (years) 62 � 13 60 � 13 0.18
iabetes mellitus 19% 12% 0.04
ypertension* 47% 39% 0.11
ypercholesterolemia† 55% 55% 0.97
moker 5% 6% 0.70
amily history of premature

coronary artery disease
56% 45% 0.03

ody mass index (kg/m2) 28 � 6 28 � 5 0.90
ipid-lowering medication 17% 16% 0.82

* Defined as systolic blood pressure �140 mm Hg and/or diastolic blood
ressure �90 mm Hg and/or blood pressure-lowering medication.

† Defined as elevated total cholesterol, low-density lipoprotein, or tri-
lycerides and/or low high-density lipoprotein.

able 2
haracteristics of stenotic coronary artery disease according to gender

haracteristic Women
(n � 148)

Men
(n � 268)

p Value

arrowing �70% in diameter 17 (12%) 66 (25%) �0.0001
aximal diameter stenosis �0.0001

No plaque 34 (23%) 17 (6%)
1–49% 81 (54%) 156 (58%)
50–70% 16 (11%) 29 (11%)
�70% 17 (12%) 66 (25%)
arrowed coronary arteries �0.0001
0 131 (88%) 202 (75%)
1 10 (6%) 45 (17%)
2 6 (4%) 15 (6%)
3 1 (1%) 6 (2%)
ethod for slowing the heart rate. When necessary, intra- c
enous metoprolol was administered to a total possible dose
f 40 mg to achieve a heart rate at rest of �65 beats/min. All
atients eligible for MDCTA underwent scanning, irrespec-
ive of whether the heart rate goal of �65 beats/min had
een achieved. After a scout X-ray of the chest (anteropos-
erior and lateral), a timing bolus (using 10 to 20 ml of
ontrast) was performed to detect the interval to optimal

igure 2. Frequency (%) of coronary segments with (A) noncalcified
laque, (B) calcified plaque, and (C) mixed plaque according to gender.
ontrast opacification in the axial image at a level immedi-
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455Coronary Artery Disease/Noninvasive Assessment of Coronary Plaque Composition
tely superior to the ostium of the left main artery. Nitro-
lycerin 0.4 mg sublingually was administered immediately
efore contrast injection. During MDCTA, 80 ml iodinated
ontrast was injected using a triple phase contrast protocol
60 ml iodixanol, followed by 40 ml of a 50:50 mixture of
odixanol and saline, followed by a 50-ml saline flush).
etrospective electrocardiographic gated helical contrast-
nhanced MDCTA was performed, with scan initiation 20
m above the level of the left main artery to 20 mm below

he inferior myocardial apex. The scan parameters were
4 � 0.625 mm collimation, tube voltage 120 kV, effective
A 350 to 780 mA. Radiation-reduction algorithms using

lectrocardiographic modulation were used to reduce the
adiation exposure (mA) during systole and end-diastole.
fter scan completion, multiphasic reconstruction of the
ultidetector computed tomographic angiographic scans
as performed, with reconstructed images from 70% to
0% by 5% and 5% to 95% by 10% increments. The
ultidetector computed tomographic angiographic images
ere reviewed by 2 experienced observers who were un-

ware of the patients’ clinical history. A high degree of
greement was observed (98%); in the case of disagreement,
final verdict was reached by consensus with a third expe-

ienced reader. All images were evaluated on a 3-dimen-
ional image analysis workstation (GE Advantage Worksta-
ion, GE Healthcare). The coronary arteries were scored
sing a 15-segment American Heart Association coronary
rtery classification, as previously described.12 An overall
ssessment of image quality and coronary supply domi-
ance was performed on the subject level. For each coro-
ary segment, the readers assessed whether the coronary
egments were evaluable. The segments were evaluated for
he presence or absence of coronary plaques using axial
mages and curved multiplanar reconstruction. One coro-
ary plaque type was assigned per segment. The plaques
ere defined as structures �1 mm2 within and/or adjacent

o the vessel lumen that could be clearly distinguished from

Figure 3. Relative distribution (%) of corona
he lumen and surrounding pericardial tissue. Plaques occu- M
ied by calcified tissue for �50% of the plaque area (den-
ity �130 Hounsfield units on native scans) were classified
s calcified, plaques with �50% calcium were mixed, and
laques without any calcium were classified as noncalcified
esions. The calcified area was assessed manually.

To assess the independent relation of the different plaque
ubtypes with the degree of coronary stenosis, we per-
ormed linear regression analysis (with the total number of
egments involved with plaque subtypes as the dependent
ariable) and logistic regression analysis (�3 segments in-
olved with plaque subtypes as the dependent variable). As
first step, we performed univariate analysis, followed by
ultivariate analysis, taking into account age, hypertension,

iabetes mellitus, smoking, family history of coronary heart
isease, hypercholesterolemia, body mass index, and lipid-
owering medications. A p value of �0.05 was considered
tatistically significant. All statistical analyses were per-
ormed using Stata, version 8.0 (StataCorp, Austin, Texas).
he investigators had full access to the data and take full

esponsibility for its integrity. All investigators have read
nd agreed to the report as written.

The study population consisted of 416 symptomatic
mean age 61 � 13 years, 36% women) patients who had
ndergone coronary MDCTA for assessment of underlying
AD. Table 1 lists the study population characteristics
ccording to gender. Women were more likely than men to
eport diabetes mellitus and a family history of CAD
p �0.05). However, no statistically significant differences
etween the men and women were observed in age, preva-
ence of hypertension, hypercholesteremia, cigarette smok-
ng, or obesity (Table 1).

In our study participants, CAD was completely absent on
oronary MDCTA in 51 (12%); a feature more likely in
omen than in men (23% vs 6%, p �0.0001). In the

emaining 365 patients (88%) with underlying CAD, 63
17%) had exclusively noncalcified plaques, 42 (11%) had
xclusively calcified plaque, and 16 (4%) had mixed plaque.

ents with plaque types according to gender.
ost patients had a combination of the 3 plaque subtypes
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n � 244, 67%). As shown in Figure 1, women were more
ikely to have exclusively noncalcified plaque (27% vs
3%) and less likely to have a combination of plaque sub-
ypes (56% vs 72%). As listed in Table 2, women were less
ikely to have at least one coronary segment with a luminal
iameter stenosis of �70% (12% vs 25%, p �0.0001) and
ere less likely to have significant stenosis involving 2 to 3
essels.

Overall, women presented with a significantly lower
ean number of segments containing calcified plaques (p �

.004) and mixed plaques (p � 0.05). However, no such
elation was seen with noncalcified plaques (p � 0.21). As
hown in Figure 2, no difference in the distribution of
oronary segments (0, 1 to 2, �3) with noncalcified was
bserved between the genders, with similar results when

able 3
ultivariate regression analysis demonstrating association between
omen vs men and extent of coronary atherosclerotic plaque

noncalcified, mixed, and calcified)

ncreasing No.
f Segments
ith Plaque

� (95% CI) p Value

Men
(n � 268)

Women
(n � 148)

oncalcified
Model 1 0 (Referent) �0.12 (�0.33 to 0.09) 0.26
Model 2 0 (Referent) �0.15 (�0.37 to 0.06) 0.17
alcified
Model 1 0 (Referent) �0.92 (�1.34 to �0.51) �0.0001
Model 2 0 (Referent) �1.04 (�1.48 to �0.62) �0.0001
ixed

Model 1 0 (Referent) �0.72 (�1.04 to �0.39) �0.0001
Model 2 0 (Referent) �0.79 (�1.12 to �0.44) �0.0001

Model 1 adjusted for age.
Model 2 adjusted for age, hypertension, diabetes mellitus, smoking,

amily history of CAD, hypercholesterolemia, and body mass index.
CI � confidence interval; � � � estimate, predicted increase in mean

umber of coronary segments with plaque subtypes (women vs men).

able 4
dds ratio (95% confidence interval) for presence of �3 segments with
laque (women vs men) on multivariate-adjusted analysis

3 Segments With Plaque Odds Ratio (95% CI) p Value

Men
(n � 268)

Women
(n � 148)

oncalcified
Model 1 1 (Referent) 0.96 (0.45–2.05) 0.91
Model 2 1 (Referent) 0.86 (0.08–1.71) 0.21
alcified
Model 1 1 (Referent) 0.45 (0.28–0.72) 0.001
Model 2 1 (Referent) 0.38 (0.23–0.63) �0.0001
ixed

Model 1 1 (Referent) 0.40 (0.22–0.71) 0.002
Model 2 1 (Referent) 0.35 (0.19–0.64) 0.001

Model 1 adjusted for age.
Model 2 adjusted for age, hypertension, diabetes mellitus, smoking,

amily history of coronary heart disease, hypercholesterolemia, body mass
ndex, and lipid-lowering medication.

Abbreviation as in Table 3.
tratified according to median age (�63 and �63 years). e
xamination of the distribution of calcified and mixed
laques (Figure 2) revealed that the proportion of women
ith �3 segments was much lower than that of men

p �0.0001). Although we observed no differences in the
otal number of coronary segments with noncalcified plaque
ccording to gender, the relative distribution of plaque types
as significantly more likely to be noncalcified and less

ikely to be calcified and mixed in women. These differ-
nces persisted when stratified according to the median age
f the study population (Figure 3).

On multivariate adjusted analyses (Table 3), after taking
nto account age and coronary heart disease risk factors,
omen were less likely than men to have an increased
umber of coronary segments with calcified and mixed
laque, with no significant differences observed in the num-
er of segments with noncalcified plaque. The odds ratio for
high calcified and mixed plaque atherosclerotic burden

�3 segments) in women compared to men was 0.38 (95%
onfidence interval 0.23 to 0.63) and 0.35 (95% confidence
nterval 0.19 to 0.64), respectively (Table 4). In addition,
omen had a 19% (p �0.0001) greater relative distribution
f plaque that was noncalcified and the relative plaque
urden was less likely to be calcified (p � 0.006) or mixed
p � 0.019) than in men (Table 5).

iscussion

The present study represents the first comprehensive
ssessment of gender differences in plaque composition
sing coronary MDCTA. Our study findings are consistent
ith previous reports that women overall have less plaque
urden and extend previous observations by demonstrating
hat in the presence of CAD, women have relatively more
oncalcified plaques and less calcified and mixed plaques
han men. This relation appeared to be independent of age
nd coronary heart disease risk factors.

To date, few studies have investigated the gender differ-

able 5
ultivariate regression analysis demonstrating association between
omen vs men and relative distribution (%) of coronary atherosclerotic
laque (noncalcified, mixed, and calcified)

elative
istribution

� (95% CI) p Value

Men
(n � 268)

Women
(n � 148)

oncalcified
Model 1 0 (Referent) 17% (9% to 25%) �0.0001
Model 2 0 (Referent) 19% (11% to 28%) �0.0001
alcified
Model 1 0 (Referent) �9% (�16% to �1%) 0.03
Model 2 0 (Referent) �11% (�19% to �3%) 0.006
ixed

Model 1 0 (Referent) �8% (�14% to �1%) 0.017
Model 2 0 (Referent) �8% (�14% to �1%) 0.019

Model 1 adjusted for age.
Model 2 adjusted for age, hypertension, diabetes mellitus, smoking,

amily history of coronary heart disease, hypercholesterolemia, and body
ass index.
Abbreviation as in Table 3.
nces in coronary plaque composition and morphology.
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autner et al,13 in an autopsy study of patients who had
ied after coronary artery bypass surgery, assessed nearly
,000 5-mm segments of native coronary arteries. Their
ndings revealed that atherosclerotic plaques in women
ompared to men contained significantly more cellular fi-
rous tissue in the native coronary arteries (mean 38% vs
%, p �0.001). In addition, Dollar et al14 also demonstrated
hat, on autopsy, significantly more cellular fibrous tissue
nd lipid-rich foam cells and lesser amounts of dense fi-
rous and heavily calcified tissue was seen in epicardial
rteries. Rasheed et al10 performed intravascular ultrasound
easurements in 146 patients (29% women) and reported

hat 67% of plaques in women and 53% of plaques in men
ere considered soft. Subsequently, Sheifer et al11 assessed

he relative density of plaque quantitatively by videodensi-
ometry using intravascular ultrasonography of coronary
laques in 106 patients (28% women) with unstable angina
ectoris. They reported that the coronary plaques were less
ense (74 � 23% vs 86% � 22% of adventitial density, p �
.02) and were less often calcified (20% vs 38%, p �
.05).5 However, intravascular ultrasound studies have been
imited to a few segments and were not able to take into
ccount the overall plaque characteristics.

Our study has extended the findings of existing evidence
y demonstrating, for the first time, that women have a
ower calcified and mixed plaque burden, with no differ-
nces found in noncalcified plaque compared to men. These
ifferences persisted in all age groups. In addition, despite
he similar overall noncalcified plaque burden, women had
greater proportion of noncalcified to total plaque (ie, larger

elative burden of noncalcified plaque). The potential mech-
nisms of the presence of a greater proportion of noncalci-
ed plaque in women are not entirely clear, and additional
esearch is needed to determine whether factors related to
ndogenous hormonal factors, such as estrogen, might play
role. For instance, estrogen is known to influence under-

ying lipid metabolism and endothelial function and, thus,
ight influence the development and maturation of plaque.
urthermore, intravascular ultrasound and autopsy data
ave suggested that sex hormones might mediate athero-
clerotic plaque expansion in women.15–17

In recent years, the development of contrast-enhanced
oronary computed tomography has enabled the identifica-
ion of soft plaques (exclusively calcified or mixed plaque)
nd has generated great enthusiasm, given the potential for
dentifying “vulnerable plaques.” Currently, it is not entirely
lear whether both or one of these plaque subtypes predis-
ose patients to greater cardiovascular risk; however,
merging data suggest that a mixed plaque burden is more
ikely to be associated with an elevated risk of adverse
utcomes. In a landmark study, Lin et al18 reported that
ixed plaques were more likely to be associated with an

ncreased likelihood of myocardial perfusion abnormalities.
n contrast, calcified and noncalcified plaque scores did not
redict ischemia. Recently, Pundziute et al19 assessed the
resence of thin-cap fibroatheromas (a known marker of
laque vulnerability) by virtual histologic intravascular ul-
rasonography according to plaque subtype observed on
4-slice computed tomographic angiography. In their study,

hin-cap fibroatheromas were most frequently observed in
ixed plaques compared to noncalcified and calcified
laques (32%, 13%, and 8%, respectively; p � 0.002).19 In
ddition Pundziute et al,20 in a follow-up study of a small
ample size of 100 patients, provided data that a mixed
laque burden is a significant predictor of adverse events.
he observation in our study that men, who are more likely

o experience an acute cardiovascular event, had a greater
roportion and burden of mixed plaques compared to
omen, has strengthened the notion that mixed plaques
ight be more likely to be associated with an increased risk

f cardiovascular events. Although MDCTA provides an
xcellent opportunity to identify the natural history of
laque development and progression and might aid in im-
roving our understanding of underlying coronary plaque
omposition according to varying risk profiles, well-de-
igned, prospective studies are needed to establish the pre-
ictive value of each specific plaque subtype, especially
hether MDCTA can further refine risk stratification be-
ond the determination of global plaque burden.

Our study had several limitations. Our cohort was com-
osed of symptomatic patients; thus, the results might not be
eneralizable to asymptomatic subjects. In addition, most
atients in our study were whites; however, assessing the
ifferences across different racial groups is of upmost im-
ortance.21 Finally, we did not have data on the outcomes
elated to plaque composition to determine which plaque
ubtypes might be more predictive of events in a specific
ender.
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