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Aims Pathologic evidence supports unique sex-specific mechanisms as precursors for acute cardiovascular (CV) events.
Current evidence on long-term CV risk among women when compared with men based on measures of coronary
artery calcium (CAC) remains incomplete.

Methods A total of 63 215 asymptomatic women and men were enrolled in the multicentre, CAC Consortium with median

and results follow-up of 12.6years. Pooled cohort equation (PCE) risk scores and risk factor data were collected with the
Agatston score and other CAC measures (number of lesions and vessels, lesion size, volume, and plaque density).
Cox proportional hazard models were employed to estimate CV mortality (n=919). Sex interactions were calcu-
lated. Women and men had average PCE risk scores of 5.8% and 9.1% (P <0.001). Within CAC subgroups, women
had fewer calcified lesions (P <0.0001) and vessels (P=0.017), greater lesion size (P <0.0001), and higher plaque
density (P=0.013) when compared with men. For women and men without CAC, long-term CV mortality was
similar (P=0.67), whereas detectable CAC was associated with 1.3-higher hazard for CV death among women
when compared with men (P <0001). Cardiovascular mortality was higher among women with more extensive, nu-
merous, or larger CAC lesions. The relative hazard for cardiovascular disease (CVD) mortality for women and
men was 8.2 vs. 5.1 for multivessel CAC, 8.6 vs. 5.9 for >5 CAC lesions, and 8.5 vs. 4.4 for a lesion size >15 mm?,
respectively. Additional explorations revealed that women with larger sized and more numerous CAC lesions had
2.2-fold higher CVD mortality (P <0.0001) as compared to men. Moreover, CAC density was not predictive of CV
mortality in women (P=0.51) but was for men (P<0.001), when controlling for CAC volume and cardiac risk
factors.

Conclusion Our overall findings support that measures beyond the Agatston score provide important clues to sex differences
in atherosclerotic plaque and may further refine risk detection and focus preventive strategies of care.
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Introduction

For decades, epidemiologic data documented a higher case fatality
rate for cardiovascular disease (CVD) among women when com-
pared with men." The higher CVD mortality for women led to many
discussions regarding the underlying aetiology and whether varying
precursor atherosclerotic plaque features contributed to more
deaths among women. Pathobiologic and invasive angiographic evi-
dence suggests that variable patterns of atherosclerotic plaque may
be more common in women (i.e. plaque erosion vs. |rupture).2_4
Although this research is far from robust, a compilation of this evi-
dence supports a sex-specific atherosclerotic plaque profile among
women that includes a smaller plaque burden, less calcified plaque,
and less obstructive coronary artery disease (CAD).>>® The data
consistently report that despite less prevalent obstructive CAD,
women have a higher acute and long-term mortality than men.”

With the advent of advanced cardiac imaging techniques, such as
computed tomography, detailed visualization of composition within
atherosclerotic plaque has been the focus of recent research endeav-
ours. For the evaluation of CVD risk among asymptomatic individuals,
there is abundant data that a non-contrast, computed tomography
measurement of coronary artery calcium (CAC) is highly predictive of
major cardiac events and total mortality.'®"" We undertook an ana-
lysis to compare sex-differences in long-term CVD mortality based on
detailed measurements of CAC atherosclerotic plaque from a large
multicentre study of asymptomatic women and men.

Study Methods

Enrolment criteria

The CAC Consortium is a four-centre cohort which consecutively
enrolled asymptomatic women and men undergoing CAC scans be-
tween 1991 and 2010. All patients were referred by a physician for
CAC scanning to further refine CVD risk screening. Patients present-
ing with shortness of breath or other symptoms were excluded
(n=3421), leaving 63 215 patients for the current analysis. Site
enrolment is detailed in our design manuscript.”? In contrast to prior
series focusing on all-cause mortality,'""*'* the CAC Consortium
includes classification of CVD mortality.

Coronary risk factor and global risk score
data

Each site provided patient-level data on traditional cardiac risk factors
such as age, dyslipidaemia, hypertension, diabetes, smoking, and a
family history of coronary heart disease (CHD). Family history was
defined as the occurrence of a CHD event prior to age 45 and
55years of age, respectively, for a male and female first degree rela-
tives. The PCE and Framingham risk scores were calculated for each
participant.”> The National Institutes of Health (NIH)-National
Heart, Lung, and Blood Institute (NHLBI)-sponsored Multi-Ethnic
Study of Atherosclerosis (MESA) risk score with and without CAC
was calculated for all individuals."®

Coronary artery calcium measures
Standardized methods for calculation of the CAC Agatston score
were employed by multiplying the area (mm?) of CAC plaque by the

categorical density of plaque in Hounsfield Units (HU) which ranges
from 1 to 4 for 130-199 HU to >400 HU."” The number of calcified
coronary artery lesions and vessels were summed as well as the
CAC volume score, measured in mm3, and average lesion size was
calculated. Among a subgroup of 10 374 consecutively enrolled indi-
viduals, mean CAC density was available. Coronary artery calcium

density and volume scores were divided into quartiles.'®

Follow-up methods

Details of the follow-up methods are available in our design manu-
script.’? In brief, each enrolling centre identified patients who died
during long-term follow-up via matching with the Social Security
Administration Death Master File. Death certificates were catalogued
to allow for additional classification as to underlying cause of death
including CVD, cancer, or from all-causes (e.g. pulmonary disease,
gastrointestinal disease, or injury) from the National Death Index
based on ICD-9 and ICD-10 codes."

The median follow-up duration was 12.6years (interquartile
range = 10.9-14.2 years). A total of 919 CVD deaths were docu-
mented. Deaths attributable to all-causes (n =3004), CHD (n = 496),
and cancer (n = 1077) were also available.

Statistical methods

The primary comparison for this analysis was differences in long-term
mortality between women and men. Categorical data were compared
using a x” test while continuous data were compared using a t-test.
Time to event analysis was undertaken using univariable and multi-
variable Cox proportional hazards models. Survival analyses were cal-
culated through long-term follow-up. The number at risk was reported
at 5 year intervals for survival curves. Univariable and multivariable
Cox proportional hazard models were devised including calculation of
the hazard ratio (HR) and 95% confidence intervals (Cl). Coronary ar-
tery calcium measures were highly correlated and collinear (r>0.90),
thus separate Cox regression models were undertaken. With excep-
tion, we explored a model including categorized variables including
CAC lesion size >15 mm?® and >5 CAC lesions (spearman’s rho
correlation = 0.70). Sex differences were examined using a first order
test for interaction. We assessed the proportional hazards assumption
by examining the constancy of the parallel plotted lines in the log-log
graph and examining Schoenfeld’s residuals."” Adjusted models
included the PCE risk score; however, Cox models that included pla-
que density added covariates of CAC volume, hypertension, and dysli-
pidaemia, consistent with the analysis of Criqui et al'® The proportion
of excess risk explained was calculated using this equation: [HRy -
HRAJ/[HRy - 1] where HR is the hazard ratio and HR, is an unadjusted
HR and HR is a risk-adjusted HR.' Receiver operating characteristics
(ROC) curve analysis was used to compare mortality discrimination
between the MESA risk score with and without CAC. From the ROC
analysis, the area under the curve (AUC) and 95% Cl were calculated.

Results

Cardiac risk factor prevalence and global
risk scores

A total of 20 508 and 42 707 asymptomatic women and men were
enrolled in the CAC Consortium (Table 7). Women were generally
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Table | Sex differences in the prevalence® of traditional cardiac risk factors and risk scores among 63 215 asymptom-

atic women and men enrolled in the CAC Consortium

Women Men P value
(n=20508) (n=42707)
Age (years) 56.2+10 535+10 <0.0001
Hypertension (n =63 215) 31.2% 29.4% <0.0001
ACE inhibitor use (n =27 813) 6.4% 9.1% <0.0001
Beta blocker use (n =28 048) 11.5% 9.0% <0.0001
Dyslipidaemia (n =63 215) 56.1% 56.1% 0.889
Statin therapy use (n =27 950) 16.2% 23.1% <0.0001
Niacin use (n =27 650) 3.2% 4.3% <0.0001
Diabetes (n =63 215) 6.2% 6.6% 0.041
Obesity (body mass index >30kg/m?) (n=33 515) 23.5% 26.7% <0.0001
Current smoking (n=63 215) 9.0% 9.5% 0.002
Any family history of CVD (n =63 215) 53.3% 42.9% <0.0001
Aspirin use (n =28 204) 38.3% 45.2% <0.0001
PCE risk score (n=63 215) <0.0001
<5% 66.6% 42.3%
5-7.5% 12.4% 16.0%
>7.5% 21.0% 41.7%
Framingham risk score (n= 63 215) <0.0001
<6% 42.9% 30.2%
6-19% 54.3% 52.2%
>20% 2.8% 17.6%

?All risk factors are presented as proportions, except age which is presented as mean * standard deviation values.

older, more often hypertensive, and had a family history of CHD;
whereas men were more often smokers and obese. Nearly 21% of
women as compared with 42% of men had a PCE score of >7.5%.

Coronary artery calcium measures

For women, 60%, 25%, 9%, and 5%, respectively, had a CAC score of
0, 1-100, 101-399, and >400 (Table 2 and Figures 1 and 2). For men,
37%, 34%, 16%, and 14%, respectively, had a CAC score of 0, 1-100,
101-399, and >400. Of younger women <55 years of age, 77.2% and
18.5% had CAC scores of 0 and 1-100; rates higher than that of men
(P<0.0001). Across age deciles, women had a lower prevalence of
detectable CAC (Figure 7). An increase in the proportion of women
with detectable CAC occurred at ~46 years of age, nearly 10years
older than men.

Across the CAC subgroups in Table 2, women had fewer calcified
lesions (P <0.0001), fewer calcified vessels (P=0.017), and a lower
CAC volume (P<0.0001). Among a subgroup of 10 374 enrolees
with detectable CAC, women had higher mean plaque density values.
The lowest quartile of CAC plaque density (131-171 HU) largely
occurred within CAC scores of 1-100 (Figure 2). Coronary artery
calcium scores >400 had higher CAC plaque density without any
cases of plaque density from 131-171 HU.

Cox models estimating mortality among
women vs. men

Among women and men with a 0 CAC score, similar CVD mortality
was reported (Figure 3, P=0.67) (Table 3 and Figures 3 and 4). By

comparison, among those with detectable CAC, the relative hazard
for CVD mortality was 1.3-fold higher for women as compared to
men (Figure 3). Higher CVD mortality was reported for women as
compared to men with two or more calcified vessels (Figure 4).

The relative CVD mortality hazard for CAC score subgroups of
1-100, 101-399, and >400, respectively, ranged from 2.9 to 26.7 for
women and 2.1 to 13.3 for men, respectively (Table 3). The sex inter-
action revealed that CVD mortality was higher for women with CAC
scores >100. Supplementary material online, Table ST reports Cox
models estimating all-cause, CHD, and cancer mortality.

The AUC was greater for the integrated MESA risk score (includ-
ing CAC scores) as compared to the MESA clinical risk score (with-
out CAC scores) for women (0.824 vs. 0.812, P <0.0001) and men
(0.781vs.0.761, P < 0.0001).

Cardiovascular disease mortality models
among women vs. men
Sex interactions were reported across the varying CAC measures.
Women as compared to men with CAC in >2 or more vessels had a
higher CVD mortality (Table 3, P < 0.004). Also, when compared with
men, higher CVD mortality was documented among women with CAC
volumes >61.5 mm?® (Table 3). A sex interaction was also reported for
greater sized CAC lesions (P < 0.0001) (Supplementary material online,
Table S2). Women with five or more calcified lesions also had a higher
CVD mortality (Supplementary material online, Table S2).

In an exploratory analysis, we examined sex differences in CVD
mortality among several CAC variables. For both women and men,
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Figure 1 Comparison of the proportion of women and men with detectable coronary artery calcium (score >0) across ages 30 to >80 years. This

line is a moving average of the proportion across the ages for women and men. An inflection in the moving average line occurred at about age

46 years for women as compared with age 37 years for men.

the number of lesions was a greater predictor of CVD mortality
(P<0.0001) as compared to lesion size. However, for women, the
proportion of excess risk attributable to the size of the CAC lesion
was 28% as compared to 14% for men. Based on a multivariable
model including >5 CAC lesions and CAC lesions >15 mm3, the
adjusted mortality was calculated (Take home figure). Take home figure
plots the significantly higher CVD mortality among women with >5
CAC lesions and larger lesions >15 mm?; significantly higher than
men (interaction P < 0.0001).

Exploratory analysis estimating
cardiovascular disease mortality by mean
coronary artery calcium density

In unadjusted models, CVD mortality increased with higher mean
CAC density quartiles as compared to women and men with 0 CAC
scores (P<0.0001) (Supplementary material online, Table S2).
Stepwise Cox models revealed that the volume of CAC, however,
was a greater estimator of CVD mortality than CAC density for
women and men. When limiting the analysis to women with detect-
able CAC, only five CVD deaths occurred among women with mean
CAC density values of 131-171 HU and, in adjusted models, was not
predictive of CVD mortality (P =0.51). However, in a similar adjusted
model, men with mean CAC density values of 131-171 HU (1st
quartile) had a hazard for CVD mortality of 3.9 (P <0.0001) as com-
pared to higher quartile values >172 HU.

Discussion

From the CAC Consortium, we report for the first time on differen-
ces in long-term CVD prognosis for women and men across varied
CAC measures beyond the Agatston score. Prior findings, including
from our group, documented prognosis associated with the site of
CAC plaque as well as the number of calcified lesions and epicardial
vessels.”**" The current analysis supports a variable profile of calci-
fied plaque and differential prognosis among CAC measures, with

women often having higher CVD mortality when compared with
similar subgroups of men. Our findings support that higher risk status
among women may by imparted by a more extensive burden of
CAC, with numerous or multivessel CAC elevating CVD mortality
risk higher than that of their male counterparts. We report on sex-
specific mortality differences based on lesion size and further identify
a high-risk subgroup of women. These findings from our large CAC
Consortium support a sex-specific plaque phenotype impacting long-
term risk in women as compared to men.

Coronary artery calcium plaque patterns
among women and men

Current pathologic and invasive evidence supports a sex-specific ath-
erosclerotic plaque profile among women that includes a smaller pla-
que burden, less calcified plaque, and less obstructive CAD.>> 5223
It is hypothesized that the uniqueness of atherosclerosis among
women may be aetiologic for sex differences in clinical outcomes.
Few reports have examined components of the Agatston score or
other measures of CAC extent.'#?%*"* Several reports have exam-
ined long-term prognosis associated with the number of calcified ves-
sels as additive to risk estimation.”"**

In the CAC Consortium, women had a smaller volume of calcified
plaque and fewer calcified lesions when compared with men. In one
example, women with an Agatston score of 101-399 had on average
7 calcified lesions as compared to nearly 10 lesions for men
(P<0.0001). But, interestingly, women within a given CAC score
subgroup had fewer but larger sized calcified lesions (on average)
when compared with men. It would be expected that the larger calci-
fied lesions among women represent a more expansive plaque bur-
den, given a smaller epicardial artery and that these larger CAC
lesions may differentially impact prognosis.’*'** Particularly, CAC
encumbering multiple epicardial coronary arteries can provide data
on diffuse atherosclerosis which is not be appreciated with the CAC
score alone.>"** In our analysis, women with two or more calcified
vessels had a higher CVD mortality throughout more than 10years
of follow-up. Hypothetically, these larger lesions or more expansive
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Women (n=2,527) Men (n=7,847)

p<0.0001 p<0.0001
100% 100%
11.9%
15.3% 32.3%
75% 19.3% 75%
62.0%
50% 50%
44.0%
35.0%
25% 25%
33.6%
26.7% -
0% F 25% 0% 3% - 4.5%
CAC 1-100 CAC 101-399 CAC 2400 CAC 1-100 CAC 101-399 CAC 2400
H131-171HU m172-206 HU 207-242 HU m® 2243 HU H131-171 HU m172-206 HU 207-242 HU ® 2243 HU

p<0.0001 between women vs. men across CAC scores of 1-100 and 101-399; p=0.013 for CAC 2400.

Figure 2 Frequency of coronary artery calcium density quartiles (in Hounsfield Units) across coronary artery calcium score subgroups of 1-100,
101-399, and >400 within a subgroup of 10 374 asymptomatic women and men enrolled in the CAC consortium. This subgroup was limited to enro-
lees with a coronary artery calcium score >0.

Table 2 Comparative differences® in calcified plaque measurements among 35 146 asymptomatic women and men
with detectable coronary artery calcium (score >0) enrolled in the CAC Consortium

19 684)

CAC 101-399 (n = 8612)

CAC measures CAC 1-100 (n= CAC >400 (n = 6850)

Women Men Women Men Women Sex interaction
(n=5236) (n =14448) (n =1840) (n=6772) (n=1039) P value

CAC Score 28 +28 28 £ 37 204 + 81 213+£85 1025 £ 826 1161+ 964 <0.0001

Number of calcified vessels 1.5+£0.7 1.6+£0.8 24+09 26+09 32+07 33+06 0.008

Number of calcified lesions 2.6 £2.4 35+33 69142 9.5+59 15.9+£9.2 202+11.1 <0.0001

CAC volume (mm3) 24+22 25+23 161+ 66 172+ 69 790+£578 932772 <0.0001

CAC density (HU) 192143 184+ 37 248 £43 234+37 268+ 39 258 +36 0.013

Mean lesion size (mm3) 12+ 11 10+ 10 36+30 28 +£20 65 +48 57+43 <0.0001

The mean and standard deviation (%) values are reported in each of the cell subgroups. The sex interaction P value is for each of the CAC measures listed in each row of this
table.

“Comparative analysis using general linear model with subsets by sex and Agatston score subgroups. P value is a test for interaction of the Agatston score subgroups by sex.
Explanatory variance (or r?) was moderate and ranged from 0.38 to 0.53 for all measures. Non-parametric analysis comparing independent samples provided similar results.

plague burden represent more advanced atherosclerosis but reflect
plaque within a preserved but positively remodelled epicardial coron-
ary artery and non-obstructive CAD that is commonly observed
among women; more so than men. The greater prevalence of more
dense plaque among women lends credence that more advanced
atherosclerotic states are present in these larger sized CAC lesions.
Variability across CAC measures may reflect a profile of atheroscler-
otic plaque unique to women.

Uniqueness of risk prediction among

women
Recent consensus documents have focused on the importance of
sex-specific evidence to improve CVD risk detection.”® Findings

from this large, multicentre cohort reveal a consistent pattern of
elevated rates of CVD mortality among women with more exten-
sive calcified plaque. We revealed that more extensive calcifica-
tion across multiple epicardial vessels or involving larger volumes
of calcified plaque was associated with higher CVD mortality
among women when compared with men. This consistent pattern
that the same extent of coronary calcification increased risk more
for women than men has been similarly observed in coronary
angiography whereby multivessel CAD often has a higher risk
among women than men.””?® However, CVD risk was uniquely
imparted among women with larger sized CAC lesions. Two
hypotheses may be proposed including the potential for a focal le-
sion within a less severe burden of CAD, with women commonly
having less obstructive disease. Alternatively, the deposition of
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No CAC (Score =0) (n=28,069)

1.0%

0.8%

0.6%

Men (n=15,676)

0.4% Women (n=12,393)

Cumulative CVD Mortality (%)

0.2%

Hazard Ratio=0.92 (95% CI: 0.64-1.34)
p=0.674 (n=116 CVD Deaths)

0.0%

0.0 5.0 10.0 15.0 200
Number at Risk (n): Time to Death (Years)
12,393 12,016 10,063 1,796 432
15,676 15,214 13,079 3,090 989

Detectable CAC (Score >0) (n=35,146)

5.0%

4.0%

3.0%
Women (n=8,115)

2.0% Men (n=27,031)

1.0%
Hazard Ratio=1.26 (95% CI: 1.08-1.48)

p<0.001 (n=803 CVD Deatns)
0.0 5.0 ‘IOI.O 15‘).0 2(?:.0

0.0%

Time to Death (Years)
8,115 7,562 6,289 1,089 225
27,031 25,601 22,2223 4,456 1,195

Figure 3 Cardiovascular disease mortality rates among women and men with a 0 Agatston score and with detectable coronary artery calcium
(score >0). Note that the y axis range varies between the survival curves for those without vs. with detectable coronary artery calcium.

15.0% CAC Score 1-100 (n=19,684) 1 CAC Score 101-399 (n=8,612) i CAC Score 2400 (n=6,850)

10.0%

7.5% A

5.0% -

Cumulative CVD Mortality (%

_ Hazard Ratio=1.26 (95% Cl: 0.93-1.72) Hazard Ratio=1.79 (95% CI: 1.34-2.40) Hazard Ratio=1.76 (95% Cl: 1.39-2.22)
12.5%+  p=0.136 (=192 CVD Deaths) p<0.0001 (n=202 CVD Deaths)

] p<0.0001 (n=402 CVD Deaths)

Women (n=1,039)

Women (n=1,840) 1

Men (n=5,811)

25% 1 Women (n=5,236) |
0o% | — Men (n=14,448) | Men (n=6,772) ]
'0 5’.0 1’0.0 1’5.0 010 5:0 1(‘).0 15:.0 0{0 5{0 16.0 15;,0
15.0%] 1 Vessel Calcified Plaque (n=9,043) ] 2 Vessel Calcified Plaque (n=7,214) J 3-4 Vessel Calcified Plaque (n=10,157)
_ Hazard Ratio=1.20 (95% Cl: 0.75-1.91) Hazard Ratio=1.90 (95% Cl: 1.32-2.74) Hazard Ratio=1.66 (95% CI: 1.32-2.08)
125%-  p=0.449 (n=77 CVD Deaths) | p=0.001 (n=122 CVD Deaths) 4 p<0.0001 (n=402 CVD Deaths)

10.0%

7.5% A

= 5.0% A

Cumulative CVD Mortality (%

. o203 ] Men (n=5,413) i

Women (n=1,743)
Women (n=1,801)
Men (n=8,414)

T T
0.0 5.0 10.0 15.0 OTO 5.0

T T
10.0 15.0 0.0 5.0 10.0 15.0

Figure 4 Cardiovascular disease mortality among women and men by coronary artery calcium score subgroups and the number of calcified

vessels.

CAC plaque of a larger size may be the result of sex-specific alter-
ations in epicardial flow or blood biomarkers (e.g. higher levels of
inflammation) previously reported as differential by sex. These
larger CAC lesions may occur with absent, minimal, or high grade

epicardial coronary stenosis; and thusly explain higher CVD mor-
tality among women when compared with men. It also remains
likely that the older ages of women provide a longer duration of
exposure to risk markers and facilitation of plaque development.
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Table 3 Relative hazard (and 95% confidence intervals)? for estimating cardiovascular disease mortality by coronary
artery calcium score measurements among asymptomatic women and men enrolled in the CAC Consortium

N Women P value
CAC score subgroups (n=20508)
1-100 5236 2.93 (2.00-4.29) <0.0001
101-399 1840 9.72 (6.70-14.09) <0.0001
>400 1039 26.65(18.07-36.41) <0.0001
Number of calcified vessels (n=20508)
1 vessel 2840 2.40 (1.49-3.87) <0.0001
2 vessels 1801 6.57 (4.89-10.66) <0.0001
3 vessels 1286 11.41 (7.69-16.94) <0.0001
4 vessels 457 2822 (18.61-42.80) <0.0001
CAC volume (mm?) (n=10394)
0.2-15.0 1111 3.09 (1.54-6.22) 0.002
15.1-61.5 1159 4.02 (2.13-7.62) <0.0001
61.6-230.3 931 8.40 (4.79-14.72) <0.0001
>230.4 657  28.81(17.73-46.82) <0.0001

n Men P value Interaction P value
(n=42707)

14 448 2.13 (1.59-2.85) <0.0001 0.887
6772 4.98 (3.73-6.65) <0.0001 <0.0001
5822 13.32 (10.25-17.32) <0.0001 <0.0001

(n=42707)
6203 1.91(1.32-2.78) 0.001 0.589
5413 329 (2.35-4.61) <0.0001 <0.0001
5667 7.88 (5.91-10.52) <0.0001 <0.0001
2747 10.85 (7.96-14.78) <0.0001 <0.0001
(n=20209)
2876 1.83 (1.11-3.00) 0.025 0.750
2872 2.06 (1.28-3.33) 0.004 0.792
3081 3.77 (2.51-5.68) <0.0001 <0.0001
3353 9.90 (6.96-14.08) <0.0001 <0.0001

For this analysis, separate Cox models were calculated for women and men; with the right column including the interaction P value of women vs. men in a combined predictive

model.

?Adjusted by the PCE risk score. No CAC was scored as 0 and is the comparator for this analysis. Coronary artery calcium volume was categorized into quartiles.

10.0%

7.5%

HR: 3.61
p<0.0001 |

5.6%
5.0%

HR: 145
N p<0.0001
2.5%

1.8%
1.3%

0.0% .

<5 Lesions >5 Lesions <5 Lesions

CAC Lesion Size <15 mm?

Women

25 Lesions
CAC Lesion Size 215 mm?

HR: 1.37
p<0.0001 |

~ p=081 3.1%

2.1%

0.5% 0.7%

<5 Lesions

CAC Lesion Size <15 mm?

<5 Lesions >5 Lesions

CAC Lesion Size 215 mm?

25 Lesions

Men

Predicted CVD Mortality*= CVD Mortality was Calculated from a Multivariable Model That Included CAC Lesion Size and the Number of Lesions.

Take home figure Predicted cardiovascular disease mortality (cardiovascular disease mortality was calculated from a multivariable model that
included coronary artery calcium lesion size and the number of lesions.) among women and men based on the number and size of calcified lesions.
Among those with >5 coronary artery calcium lesions, women with larger coronary artery calcium lesions >15 mm? had 2.2-fold higher cardiovascu-

lar disease mortality (P < 0.0001) when compared with men.

For women, higher risk findings have often been attributed to
greater degrees of comorbidity and advanced age as aetiologic for
increasing the relative hazard for CVD events in females when com-
pared with males.”>*® However, a recent report from the MESA
revealed that a CAC score >300 was significantly predictive of inci-
dent heart failure with preserved ejection fraction among women but
not men.”” Our findings and that of others support a working hypoth-
esis that atherosclerotic plaque impairing vascular function and

diastolic function may uniquely impact risk in women, even among
those without obstructive CAD.?”°

Explorations regarding plaque density
and cardiovascular disease mortality

The Agatston score is calculated by multiplying the area of calcified pla-
que by mean CAC density.'” Recent evidence, from the MESA,
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revealed an inverse relationship between calcified plaque density and
CVD and CHD events. Thus, the combining of plaque extent with
density may mask certain at-risk patient subgroups. From the MESA,
the lowest quartile of plaque density (80-223 HU) was associated with
higher relative event hazard and, with more dense plaque, event rates
declined.”® From the CAC Consortium, the lower CAC density sub-
group occurred mostly within lower CAC scores from 1-100. Only
five CVD deaths occurred among women having lower plaque density
scores (lowest quartile: 131-171 HU) and, in adjusted prognostic mod-
els, plaque density was not predictive of CVD mortality for women
(P>0.5) but was so for men. Several reasons may be postulated for
the lack of predictive ability of CAC density among the subgroup of
2527 women, as less dense CAC plaque (131-171 HU) occurred
more among younger women (<55years of age), many of whom
would be within the pre- or peri-menopausal state. Hypothetically, for
younger women, preserved oestrogen status would impact plaque de-
velopment and progression and, ultimately, CVD event risk.

Limitations of the evidence

Despite decades of evidence of higher case fatality rates and pathobio-
logic data supporting variable precursor plaque lesions for acute coron-
ary events, our understanding of sex differences in atherosclerosis
remains suboptimal. We noted a variable plaque profile with a greater
size and extent of calcified lesions associated with worsening clinical
outcomes for women; consistent with prior findings of elevated risk
among females. However, the lack of detail on morbid events, follow-
up imaging, and medical treatment would further contribute to our
understanding of sex differences in atherosclerotic plague. Importantly,
the assessment of non-calcified plaque was not performed but may
have improved CVD risk prediction. Menopausal history, pre-eclamp-
sia, and gestational diabetes data were also not available. The defining
of additional CAC measures, beyond the Agatston score, added a
depth of detail to our report. However, as is consistent with many
registries, uniformity in data collection was not possible and several
CAC measures were not available in all enrolees.

Conclusions

The CAC Consortium represents the largest prognostic series
reporting on detailed measures of calcified plaque and long-term fol-
low-up,"” allowing for evaluation of sex differences impacting long-
term CVD mortality. Our reports are consistent with prior angio-

2728 that more diffuse and extensive atherosclerosis

graphic series
across multiple epicardial coronary arteries or encumbering larger
plaque volume accelerates risk among women. Contributing features
of larger CAC lesion sizes have yet to be previously reported and
likely promote higher risk status for women. Prognostication based
on atherosclerotic plaque density remains exploratory and its signifi-
cance as a risk marker appears to be less so for women as compared
to men. Findings, such as presented herein, provide critical evidence
to support future lines of inquiry on sex differences in atherosclerotic
plaque and its impact on long-term clinical outcomes.

Supplementary material

Supplementary material is available at European Heart Journal online.
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