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ABSTRACT

OBJECTIVES This study was designed to investigate whether coronary computed tomography angiography assess-
ments of coronary plaque might explain differences in the prognosis of men and women presenting with chest pain.

BACKGROUND Important sex differences exist in coronary artery disease. Women presenting with chest pain have
different risk factors, symptoms, prevalence of coronary artery disease and prognosis compared to men.

METHODS Within a multicenter randomized controlled trial, we explored sex differences in stenosis, adverse plaque
characteristics (positive remodeling, low-attenuation plaque, spotty calcification, or napkin ring sign) and quantitative
assessment of total, calcified, noncalcified and low-attenuation plaque burden.

RESULTS Of the 1,769 participants who underwent coronary computed tomography angiography, 772 (43%) were
female. Women were more likely to have normal coronary arteries and less likely to have adverse plaque characteristics
(p < 0.001 for all). They had lower total, calcified, noncalcified, and low-attenuation plaque burdens (p < 0.001 for all)
and were less likely to have a low-attenuation plaque burden >4% (41% vs. 59%; p < 0.001). Over a median follow-up
of 4.7 years, myocardial infarction (MI) occurred in 11 women (1.4%) and 30 men (3%). In those who had MI, women had
similar total, noncalcified, and low-attenuation plaque burdens as men, but men had higher calcified plaque burden. Low-
attenuation plaque burden predicted Ml (hazard ratio: 1.60; 95% confidence interval: 1.10 to 2.34; p = 0.015), inde-
pendent of calcium score, obstructive disease, cardiovascular risk score, and sex.

CONCLUSIONS Women presenting with stable chest pain have less atherosclerotic plaque of all subtypes compared to
men and a lower risk of subsequent MI. However, quantitative low-attenuation plaque is as strong a predictor of
subsequent Ml in women as in men. (Scottish Computed Tomography of the HEART Trial [SCOT-HEART];
NCT01149590). (J Am Coll Cardiol Img 2021;m:m-m) © 2021 by the American College of Cardiology Foundation.

From the *BHF Centre for Cardiovascular Science, University of Edinburgh, Edinburgh, United Kingdom; PEdinburgh Imaging
Facility QMRI, University of Edinburgh, Edinburgh, United Kingdom; “Department of Interventional Cardiology and Angiology,
Institute of Cardiology, Warsaw, Poland; YCedars-Sinai Medical Center, Los Angeles, California, USA; *University of Cambridge,
Cambridge, United Kingdom; ‘Department of Radiology, Ninewells Hospital, Dundee, United Kingdom; &Institute of Clinical
Sciences, University of Glasgow, United Kingdom; "Weill Cornell Medical College, New York, New York, USA; and the 'Royal
Brompton and Harefield NHS Foundation Trust Departments of Cardiology and Radiology, London, United Kingdom, and the
National Heart and Lung Institute, Faculty of Medicine, Imperial College, London, United Kingdom. *Drs. Dweck and Dey are
joint last authors. Khurram Nasir, MD, served as the Guest Editor for this paper.

ISSN 1936-878X/$36.00 https://doi.org/10.1016/j.jcmg.2021.03.004


https://clinicaltrials.gov/ct2/show/NCT01149590
https://doi.org/10.1016/j.jcmg.2021.03.004

ABBREVIATIONS
AND ACRONYMS

CCTA = computed tomography
coronary angiography

CI = confidence interval

CT = computed tomography
HR = hazard ratio

HU = Hounsfield unit

MI = myocardial infarction
ROC = receiver operator curve

SCOT-HEART = Scottish
Computed Tomography of the

HEART

Williams et al.
Sex-Specific CT Coronary Plaque

oronary computed tomography

angiography (CCTA) can identify

patients at risk of subsequent car-
diac events, guide management, and
improve outcomes for patients with sus-
pected coronary artery disease (1). Recently
we have shown that quantitative atheroscle-
rotic plaque burden on CCTA can identify pa-
tients at risk of subsequent events over and
above cardiovascular risk score, coronary ar-
tery calcification, and presence of obstruc-
tive coronary disease. In particular, patients
with a low-attenuation plaque burden
greater than 4% were nearly 5 times more
likely to have a subsequent myocardial infarction
(MI) (2). However, whether the burden of different
plaque types differs between women and men, and
whether these assessments provide equal prognostic
information, remains uncertain.

Sex differences in coronary artery disease are
well established. Women presenting with chest pain
have different risk factor profiles, symptoms, prev-
alence of coronary artery disease and prognosis
compared to men (3). We hypothesized that these
differences might be explained by computed to-
mography (CT) assessments of atherosclerotic pla-
que. Existing data are limited to small cohorts and
short follow-up (4,5). This analysis of the SCOT-
HEART (Scottish Computed Tomography of the
HEART) study was conducted with the aim of
assessing the impact of sex on the burden of
different coronary plaque types and whether these
quantitative assessments provide similar prognostic
information in men and women.

METHODS

STUDY DESIGN. The SCOT-HEART multicenter ran-
domized controlled trial evaluated the use of CT in
patients attending outpatient cardiology clinics with
suspected angina due to coronary artery disease
(NCT01149590) (6). The primary results and plaque
analysis have been published (1,2,7-9). This study
assesses sex-specific differences in quantitative pla-
que and its clinical implications. This study was
approved by the regional ethics committee (South
East Scotland Research Ethics Committee 02) and
participants provided written informed consent.
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STUDY PARTICIPANTS. SCOT-HEART recruited 4,146
participants and 2,073 were randomized to CT. Of
these, 1,778 underwent CT; 1,769 scans are of suitable
quality for analysis. Information on cardiovascular
risk factors was obtained from the SCOT-HEART
database. The Assessing Cardiovascular Risk Using
Scottish Intercollegiate Guidelines Network guideline
cardiovascular risk score was used to calculate car-
diovascular risk (10). Outcome information on car-
diovascular events and mortality was obtained from
the electronic Data Research and Innovation Service
of the National Health Services Scotland and
confirmed by reviewing electronic health records
where required. CT was performed as described pre-
viously (Supplemental Methods) (6).

QUALITATIVE VISUAL ASSESSMENT OF ATHERO-
SCLEROTIC PLAQUE. Information on CT assessment
was obtained from the SCOT-HEART database. The
Agatston method was used to assess coronary artery
calcification (VScore, Vital Images) (11). Visual
assessment of coronary stenoses was performed on a
15-segment basis by trained observers with excellent
observer agreement (12). Visual assessment classified
coronary arteries as normal, nonobstructive (<70%
or <50% in the left main stem), or obstructive (=70%
or =50% in the left main stem). Obstructive disease
was defined as 1 or more major epicardial vessel with
a visually assessed obstructive stenosis.

Visual assessment of adverse plaque characteris-
tics was performed on a per-segment basis by 1 of 6
trained observers. Characteristics assessed included
positive remodeling, low-attenuation plaque, spotty
calcification, and the “napkin ring” sign (Supple-
mental Table 1 and Supplemental Methods). An indi-
vidual adverse plaque was defined as having positive
remodeling or low-attenuation plaque and patients
with one or more adverse plaques were defined as
having adverse plaque (13).

QUANTITATIVE ASSESSMENT OF ATHEROSCLEROTIC
PLAQUE. Quantitative assessment of atherosclerotic
plaque was performed for all patients with 1 or more
segment of nonobstructive or obstructive disease, or
an Agatston score greater than zero. Quantitative
analysis was performed using semiautomatic soft-
ware Autoplaque, Version 2.5 (Cedars-Sinai Medical
Center, Los Angeles, California) by 1 of 4 trained
observers (Figure 1and Supplemental Methods). Scan-
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FIGURE 1 Low-Attenuation Plaque on CCTA

Female (58 years of age) with typical chest pain, family history of coronary artery disease and abnormal exercise tolerance test. Coronary
computed tomography angiography (CCTA) showed obstructive disease in the left anterior descending (LAD) artery (arrows), confirmed at
invasive coronary angiography and treated with a stent. Two years later she experienced a non-ST elevation myocardial infarction. (A) A
curved planar reformation with diffuse noncalcified plaque (red) and calcified plaque (yellow). Three-dimensional reformats of the proximal
(B) and mid-distal LAD (C) show non calcified (red), low-attenuation (orange), and calcified (yellow) plaque, and coronary lumen (blue).
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TABLE 1 Baseline Characteristics of Female and Male Participants

Overall Female Male
(N =1,769) (n =772) (n=997) p Value

Characteristics
Age, yrs 58 +9 58 +9 57+9 0.063
Body mass index, kg/m? 30+ 6 30+ 6 29 +5 0.002
Atrial fibrillation 34 (1.9) 9(1.2) 25 (2.5) 0.062
History of CHD 178 (10) 45 (6) 133 (13) <0.001
History of CVD 79 (4.5) 28 (3.6) 51 (5.1) 0.162
History of PVD 31(1.8) 7 (0.9) 24 (2.4) 0.028

Smoking status 0.007
Current smoker 330 (19) 153 (20) 177 (18)

Ex-smoker 593 (34) 228 (30) 365 (37)

Nonsmoker 845 (48) 391 (51) 454 (46)

Hypertension 608 (35) 254 (33) 354 (36) 0.245

Diabetes mellitus 196 (11) 64 (8) 132 (13) 0.001

Family history of CHD 765 (44) 364 (48) 401 (41) 0.003

Total cholesterol, mg/dl 205 (162-235) 208 (174-243) 197 (158-228) <0.001

Chest pain symptoms <0.001
Non-anginal 683 (39) 298 (39) 385 (39)

Atypical angina 432 (24) 222 (2) 210 (21)

Typical angina 654 (37) 252 (33) 402 (40)
Cardiovascular risk score 16 (10-23) 14 (8-21) 17 (12-25) <0.001
Preventative medication

Baseline 1,049 (59) 431 (56) 618 (62) 0.01

6 weeks 1,215 (69) 479 (62) 736 (74) <0.001

5 years 1,162 (66) 459 (60) 703 (71) <0.001
Values are mean =+ SD, n (%), or median (interquartile interval). Bold indicates p < 0.05.

CHD = coronary heart disease; CVD = cerebrovascular disease; PVD = peripheral vascular disease.

TABLE 2 Coronary Artery Calcium Score and Coronary Artery

Disease on Computed Tomography

Overall Female Male
(N =1,769) (n =772) (n=997) p Value

Coronary artery calcium score 21 (0-230) 0 (0-54) 80 (0-447) <0.001

Coronary artery calcium score group <0.001
0 642 (36) 392 (51) 250 (25)

1-99 AU 509 (29) 233 (30) 276 (28)

100-399 AU 303 (17) 93 (12) 210 (21)

400-999 AU 169 (10) 37 (5 132 (13)

=1,000 AU 146 (8) 17 (2) 129 (13)

CCTA <0.001
Normal 646 (37) 383 (50) 263 (26)
Non-obstructive plaque 671 (38) 284 (37) 387 (39)

Obstructive plaque 452 (26) 105 (14) 347 (35)

Obstructive disease <0.001
T-vessel disease 207 (12) 60 (8) 147 (15)
2-vessel disease 128 (7) 31(4) 97 (10)
=3-vessel disease 17 (7) 14 (2) 103 (10)

Visually assessed adverse plaques 608 (34) 156 (20) 452 (45) <0.001
Positive remodeling 603 (34) 154 (20) 449 (45) <0.001
Low-attenuation plaque 168 (10) 36 (5) 132 (13) <0.001
Spotty calcification 299 (17) 85 (11) 214 (22) <0.001
Napkin ring sign 76 (4) 17 (2) 59 (6) <0.001

Values are median (interquartile interval) or n (%). Bold indicates p < 0.05.

AU = Agatston units.
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specific thresholds were used to classify plaque
constituents (14). Plaque burden was used as it
corrects for sex difference in size and length of ves-
sels. Per patient plaque burden was calculated by
dividing plaque volume by vessel volume of the
assessed region, multiplying by 100, and summing on
a per patient basis (15). Plaque burden was calculated
for total, calcified, noncalcified, and low-attenuation
noncalcified plaque (Supplemental Table 1). Low-
attenuation plaque was defined as below 30 HU (16).
For patients with visually assessed normal coronary
arteries, the plaque burden was set to zero.

Area and diameter stenosis were automatically

quantified at the narrowest point on the segmented
lumen. Lumen volume for was calculated by sub-
tracting plaque volume from vessel volume for seg-
ments that were analyzed. Remodeling index was
calculated automatically as the ratio of maximum
vessel area to the proximal normal reference point
(17). Contrast density difference was calculated
automatically as the maximum percent difference in
contrast density in the diseased segment compared to
the proximal normal segment, with contrast density
defined as mean luminal attenuation/area automati-
cally computed over 1-mm cross-sections of the
segment (17).
STATISTICAL ANALYSIS. Statistical analysis was
performed using R, version 4.0.1 (R Foundation for
Statistical Computing, Vienna, Austria). Quantitative
data are presented as mean and standard deviation
or, if not normally distributed, as median and inter-
quartile interval (IQI). Statistical significance was
assessed using Pearson chi square test, Fisher exact
test, Students t-test, Kruskal-Wallis test, or Mann-
Whitney U test as appropriate. Outcome data were
analyzed using Cox proportional hazards regression
and presented graphically using cumulative inci-
dence plots. Hazard ratios (HRs) and 95% confidence
intervals (CIs) were calculated from the Cox model.
Univariable analysis was performed for all quantified
plaque burden parameters. Multivariable models
were constructed including the individual quantita-
tive plaque burden variables and sex. Further multi-
variable models were constructed for each
quantitative plaque burden variable and sex, visually
assessed obstructive disease, and cardiovascular risk
score (10). Coronary artery calcium score, plaque
burdens, and lumen volume were log transformed for
analysis. Receiver operator curve (ROC) analysis was
performed to assess the impact of sex on the predic-
tive ability of low-attenuation plaque burden, and
ROC curves were compared using Venkatraman’s test.
A statistically significant difference was defined as a
2-sided p < 0.05.
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TABLE 3 Quantitative Plaque Assessment on CCTA in all Patients and in Patients Who Had a Subsequent Myocardial Infarction
Female Male p Value
All patients

Total plaque burden, % 22.7 (0.0-42.7) 44.3 (0.0-52.5) <0.001
Total calcified plaque burden 0.0 (0.0-1.1) 1.2 (0.0-4.5) <0.001
Total noncalcified plaque burden 20.6 (0.0-40.7) 39.8 (0.0-47.8) <0.001
Total low-attenuation noncalcified plaque burden 1.4 (0.0-6.1) 5.0 (0.0-7.5) <0.001

Area stenosis, % 10.1 (0.0-62.3) 66.5 (0.0-87.6) <0.001

Diameter stenosis, % 37.5 (28.4-54.3) 51.0 (36.4-78.7) <0.001

Remodeling index 1.0 (1.0-1.3) 1.3 (1.0-1.6) <0.001

Plaque length, mm 11.8 (0.0-60.1) 66.8 (0.0-138.0) <0.001

Lumen volume, mm? 499 (264-909) 890 (471-1,449) <0.001

Contrast density difference, % 0.0 (0.0-29.1) 23.2 (0.0-36.4) <0.001

Patients who had myocardial infarction (h=11) (n =30)

Total plaque burden, % 48.1 (34.3-53.7) 50.5 (43.8-55.4) 0.289
Total calcified plaque burden 1.6 (0.0-4.0) 4.6 (2.1-9.2) 0.027
Total noncalcified plaque burden 42.9 (33.0-48.7) 42.4 (37.4-48.9) 0.814
Total low-attenuation noncalcified plaque burden 7.9 (5.2-8.8) 7.4 (4.8-9.3) 0.930

Area stenosis, % 79.2 (58.5-84.6) 80.4 (66.2-100.0) 0.366

Diameter stenosis, % 52.8 (40.9-62.5) 62.0 (41.3-100.0) 0.394

Remodeling index 1.6 (1.3-1.8) 1.5 (1.2-1.7) 0.713

Plaque length, mm 124.6 (59.5-150.7) 116.9 (70.6-161.1) 0.702

Lumen volume, mm? 839 (560-1,058) 1,048 (578-1472) 0.320

Contrast density difference 28.0 (24.8-39.8) 33.8 (21.4-40.4) 0.837

Values are median (interquartile interval). Bold indicates p < 0.05.

RESULTS

STUDY POPULATION. There were 1,769 participants
with CCTAs suitable for analysis, and 772 (43%) were
female. Women had a similar age compared to men
(age 58 + 9 vs. 57 &+ 9 years; p = 0.063), but had a
higher body mass index and serum cholesterol, were
more likely to be nonsmokers with a family history of
coronary heart disease, and were less likely to have a
history of coronary heart disease, peripheral vascular
disease, or diabetes mellitus (Table 1). Women were
less likely to be taking preventative medication at
baseline, 6 weeks, and 5 years (Table 1).

VISUAL ASSESSMENT OF PLAQUE. Women had a
lower coronary artery calcium score compared to men
(0 [IQI: 0 to 54] vs. 80 [IQI: 0 to 447]; p < 0.001) and
were more likely to have zero or low (<100 Agatston
units) coronary artery calcium score (Table 2). They
were also more likely to have visually assessed
normal coronary arteries (50% Vvs. 26%; p < 0.001) and
had fewer vessels with visually assessed obstructive
disease (Table 2). A similar proportion of men and
women had visually assessed nonobstructive coro-
nary disease (37% Vs. 39%; p < 0.001). Visually
assessed adverse plaques were less frequent among
women (20% Vs. 45%; p < 0.001), and the frequency
of visually assessed positive remodeling, low-

attenuation plaque, spotty calcification, and the
napkin-ring sign were all lower in women (p < 0.001)
(Table 2).

QUANTITATIVE  ASSESSMENT OF  PLAQUE.
Quantitatively assessed total plaque burden (22.7%
VS. 44.3%; p < 0.001) as well as the burden of all
plaque subtypes were lower in women (Table 3), in-
dependent of cardiovascular risk score (Supplemental
Table 2). Women were less likely to have a quantita-
tively assessed low-attenuation plaque burden >4%
(n =315, 41% vs. n = 591, 59%; p < 0.001). Per-patient
quantitatively assessed area stenosis, diameter ste-
nosis, remodeling index, plaque length, lumen vol-
ume, and contrast density drop were also lower in
women. However, among patients with visually
assessed nonobstructive and obstructive coronary
artery disease, there was no difference in the quan-
titatively assessed burden of noncalcified plaque and
low-attenuation plaque between women and men
(Supplementary Table 3).

CLINICAL OUTCOMES. Over a median follow-up of
4.7 (IQI: 4.0 to 5.7) years fatal or nonfatal MI occurred
in 11 women (1.4%) and 30 men (3%). Both women
and men who had a subsequent fatal or nonfatal MI
had a higher quantitatively assessed total plaque
burden and all subtypes of plaque burden compared
to those without events. Irrespective of these
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FIGURE 2 Quantitative Plaque Burden in Women and Men
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differences, women who had an MI had the same
quantitatively assessed burden of total, noncalcific,
low-attenuation plaque and other plaque parameters
as men who had an event (Figure 2, Table 3).

Men were twice as likely to undergo fatal or
nonfatal MI as women (HR: 2.12; 95% CI: 1.07 to 4.24;
p = 0.033). Quantitatively assessed total, calcified,

noncalcified, and low-density calcified plaque

TABLE 4 Multivariable Analysis Adjusted for Sex

Multivariable Analysis 1*

Multivariable Analysis 21

Hazard Ratio

Hazard Ratio

(95% CI) p Value (95% CI) p Value
Total plaque burden# 1.43 (1.15-1.78) 0.001 1.34 (1.07-1.69) 0.01
Calcified plaque burdent 170 (1.36-2.14) <0.001 1.57 (1.20-2.05) <0.001
Noncalcified plaque burdens 1.86 (1.37-2.52) <0.001 1.31 (1.06-1.64) 0.015
Low-attenuation plaque burdent  1.40 (1.14-1.72) 0.001 1.71 (1.22-2.39) 0.002

*Multivariable analysis 1 including the individual plaque parameter adjusted for sex. tMultivariable analysis 2
including the individual plaque parameter adjusted for sex, presence of visually observed obstructive coronary
artery disease, and cardiovascular risk score. Per doubling.

Cl = confidence interval.

burdens were all predictive of subsequent fatal or
nonfatal MI independent of sex (Table 4, Supple-
mental Table 4). Quantitatively assessed
attenuation plaque burden was an independent
predictor of fatal or nonfatal MI in multivariable
analysis (HR: 1.71; 95% CI: 1.22 to 2.39; p = 0.002),
independent of sex (HR: 1.41; 95% CI: 0.69 to 2.87;
p = 0.339), visually assessed obstructive disease (HR:
1.60, 95% CI: 0.82 to 3.14; p = 0.169), and cardiovas-
cular risk scores (HR: 1.01: 95% CI: 0.98 to 1.04;
p = 0.502) (Central Illustration). Similar results were

low-

found in models adjusted for quantitatively assessed
diameter stenosis and lumen volume (Supplemental
Table 5). Quantitatively assessed low-attenuation
plaque was similarly predictive of subsequent out-
comes in women (area under the curve [AUC]: 0.77;
95% CI: 0.65 to 0.90) as compared to men (AUC: 0.68;
95% CI: 0.58 to 0.77; p = 0.346) (Figure 3,
Supplemental Figure 1). Quantitatively assessed low-
attenuation plaque burden >4% was associated with
a 6-fold increased risk of fatal or nonfatal MI in
women (HR: 6.57; 95% CI: 1.42 to 30.41; p = 0.016;
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CENTRAL ILLUSTRATION Low-Attenuation Plaque Is an Important Predictor of Events in Both Women and Men

D
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Williams, M.C. et al. J Am Coll Cardiol Img. 2021; m(m):H-N.

(A,B) Images from a 58-year-old woman with nonobstructive disease, but a heavy burden of low-attenuation plaque. Two years later she suffered a non-ST-segment
elevation myocardial infarction. (C) Results of the multivariable model where low-attenuation plaque burden was a predictor of subsequent fatal or non-fatal
myocardial infarction, independent of gender, presence of obstructive disease on CCTA and cardiovascular risk score. (D) The percentage of women or men who
suffered myocardial infarction that had a low-attenuation plaque burden (LAP) above or below 4%. CCTA = coronary computed tomography angiography.

men HR: 3.44; 95% CI: 1.32 to 8.98; p = 0.012)
(Figure 4).

burden was predictive of subsequent cardiac events,
over and above sex, cardiovascular risk score, coro-
nary artery calcification, and the presence of
obstructive coronary artery disease. These important
observations show that quantitative plaque analysis

DISCUSSION

We have confirmed that, compared to men, women
with stable chest pain have less coronary artery
plaque burden and fewer subsequent MI. However,
in those who subsequently had MI, women had a
similar quantitatively assessed burden of total,
noncalcified, and low-attenuation plaque as men.
The quantitatively assessed low-attenuation plaque

is a robust predictor of cardiac endpoints, irre-
spective of sex.

Cardiovascular disease remains the leading cause
of mortality in women (18). Quantitative assessment
of atherosclerotic plaque provides additive value to
traditional CCTA assessment, and we have shown
that this is valuable for both women and men (2).
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FIGURE 3 Predictive Ability of Low-Attenuation Plaque in Women and Men

1.00 A
0.75 A
2
=
£ 0.50 1
c
(7}
wv
0.25 J
17 Women: AUC 0.77
0.00{ A
0.00 0.25 0.50 0.75 1.00
1 - Specificity

Receiver operating curve (ROC) showing ability of low-attenuation plaque to predict fatal
or nonfatal myocardial infarction for men (green) and women (red). AUC = area under

the curve.
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Quantitative assessment of atherosclerotic plaque is a
robust technique with good observer and interscan
agreement, which improves upon the poor observer
agreement that has hampered visual plaque assess-
ments (16,19). In particular, low-attenuation plaque
provides important information on the burden of
plaque most closely associated with plaque rupture
and MI: those with a lipid-rich necrotic core. Whereas
most individual plaques with these features will heal
without causing events, patients who tend to form
such adverse plaques will also form multiple similar
lesions over time, one of which may ultimately cause
an event. Assessments of plaque type are therefore
helpful in identifying vulnerable patients. Measures
of the adverse plaque burden extend this concept
further: the more adverse plaques a patient has, the
higher their risk of events.

Among patients with stable chest pain, we have
confirmed that women have less coronary artery
calcification, less obstructive coronary disease, and
less frequent adverse plaque compared to men
(20-23). Women have a lower plaque burden and
higher proportion of noncalcified or mixed plaques
compared to men in previous studies (21,24-27).
However, in patients with obstructive disease the

FIGURE 4 Myocardial Infarction and Low-Attenuation Plaque in Women and Men
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(red) and without (green) low-attenuation plaque above 4%.
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proportion of different plaque types is similar in men
and women (28). The CONFIRM (Coronary CT Angi-
ography Evaluation for Clinical Outcomes: An Inter-
national Multicenter) registry also showed that there
were no sex-based differences in the predictive value
of coronary stenoses for major adverse cardiac events
(22). In our study, the burden of total, noncalcific, and
low-attenuation plaque in those who sustained an MI
was similar in women and men. This supports other
recent data indicating that among patients presenting
with acute coronary syndromes, there is no sex dif-
ference in quantitative plaque characteristics in
culprit lesions (4).

The ICONIC (Incident Coronary Events Identified
by Computed Tomography) study also performed
quantitative plaque analysis on CCTA in patients with
a subsequent acute coronary syndrome. They showed
that women had lower total and fibrous/fibrofatty
plaque volume compared to men, but no difference in
necrotic core volume or visually assessed high-risk
plaque features (4). Intravascular ultrasound in pa-
tients with acute coronary syndromes shows that
women have similar plaque burden per lesion
compared to men and sex-based differences in non-
culprit plaque composition are present in those
younger than, but not older than, 65 years of age
(29,30). Similarly, no sex-based differences were
identified on optical coherence tomography in culprit
lesions of patients presenting with acute coronary
syndromes, but sex-based differences have been
identified in nonculprit lesions (31,32).

A recent analysis of the PARADIGM (Progression
of AtheRosclerotic PIAque DetermIned by Computed
TomoGraphic Angiography Imaging) study found
that compared to men, women had greater progres-
sion of calcified plaque, slower progression of non-
calcified plaque, and less frequent development of
visually assessed high-risk plaques (5). However, at
present, the clinical implications of the increased
progression of calcified plaque in women is uncer-
tain. A systematic review of studies involving serial
intravascular ultrasound showed no sex-based dif-
ferences in plaque progression (33). Thus, although
women with stable coronary artery disease have
different plaque characteristics and plaque progres-
sion, the culprit lesions in MI appear to be similar
irrespective of sex.

The only sex-based difference on quantitative
plaque analysis in those who suffered an MI in our
study was in the burden of calcified plaque, which
was 3 times higher in men than in women. This re-
flects a pattern of increased risk for women at lower
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coronary artery calcium levels compared to men. In
the 63,215 patients in the coronary artery calcium
(CAC) consortium, a CAC score above zero was asso-
ciated with a 1.3 higher HR for cardiovascular death in
women compared to men (20). However, in the
ICONIC study there was no difference in calcified
plaque volume between men and women who had
cardiac events (4). Women had a lower burden of
calcified plaque in all subgroups in our study. It is
well established that women have lower CAC scores
compared to men (34). Recently, women have been
shown to have a smaller number, but larger size and
density, of calcified plaques compared to men, but
with similar radiomic characteristics (20,35). These
new noninvasive imaging parameters advance our
understanding of high-risk plaque subtypes. Howev-
er, despite the difference in burden of calcified pla-
que between men and women who underwent MI,
only low-attenuation plaque burden was an inde-
pendent predictor of outcomes in this study.

We have shown that visually assessed high-risk
plaques are less frequent in women compared to
men. A substudy of the PROMISE (Prospective Multi-
center Imaging Study for Evaluation of Chest Pain) trial
identified similar findings, with 2 feature-positive
high-risk plaques occurring in 11% of women and 20%
of men (23). They also identified a stronger association
between high-risk plaque and major adverse cardiac
events in women compared to men (23). However, in
both PROMISE and SCOT-HEART, there was a low fre-
quency of subsequent events in patients with visually
assessed high-risk plaques (9,23).

STUDY LIMITATIONS. Important limitations of this
study are the number of patients and the small number
of events (1.4% in women, 3% in men) reported. As
such, a limited number of factors can be included in
multivariable analysis and the models may be over-
fitted. The patients who underwent CT had their
treatment appropriately optimized; therefore, effects
identified in this study are a conservative estimate.
Women were less likely to be taking preventative
medication which may affect the impact of plaque
features on outcomes. Quantitative plaque analysis is
an emerging field and further validation is required in
other cohorts. Differences in vessel size between
women and men will affect assessment of plaque vol-
ume, but using plaque burden in the analysis largely
takes account of these differences. This was a post hoc
analysis using data from the SCOT-HEART trial and
prospective studies arerequired to assess the impact of
these findings on management.
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CONCLUSIONS

This study shows that quantitative plaque analysis is
a robust predictor of cardiac endpoints, irrespective
of sex. Where present, low-attenuation plaque is as
powerful predictor in women as men, with a low-
attenuation plaque >4% associated with 6-fold in-
crease in the risk of MIL.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE:
Women presenting with stable chest pain have lower
quantitatively assessed plaque burdens compared to
men. However, women who develop subsequent MI
have less calcified plaque, but similar quantities of
other plaque subtypes. Low-attenuation plaque
burden s as strong a predictor of Ml in women and men.

TRANSLATIONAL OUTLOOK: Future studies will
assess these findings in patients presenting in other
clinical situations, such as acute chest pain and
asymptomatic patients. In addition, studies are
required to assess whether changes in plaque type with
medication use lead to improved clinical outcomes.
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