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Abstract

Purpose of Review To summarize differences in plaque depositions, coronary artery calcium (CAC) scoring, and the role of CAC
in predicting atherosclerotic cardiovascular disease (ASCVD) mortality in men and women.

Recent Findings Women have coronary plaque that is more lipid-rich, dense, and less calcified than their male counterparts. CAC
scoring has emerged as a useful tool to quantify ASCVD burden. However, recent evidence favors the use of sex-adjusted CAC
cutoffs for women to account for the relatively lower overall CAC burden and therefore risk stratify women appropriately.
Several studies have identified CAC distribution patterns in women associated with increased CV mortality, particularly the
number of lesions involved, CAC volume, and size.

Summary Multiple studies have shown that the pathophysiology and associated risks of ASCVD are different in women when
compared with men. CAC scoring is a tool that is widely being used for ASCVD risk stratification. Recent studies have shown
that although men have higher CAC burdens, women are more likely to develop plaque erosions with non-calcified plaque that
carries a greater risk for cardiovascular events. Providers should be aware of sex-specific CAC patterns carrying increased
mortality risk for women, particularly increasing lesion size and number. Given the differences in plaque composition and
distribution, revised sex-adjusted CAC scoring is suggested to better risk stratify patients, especially those deemed intermediate
risk, and decrease CV mortality.
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Introduction

Cardiovascular disease (CVD) remains the leading cause of
death in women, accounting for approximately 1 out of every 5
deaths in the USA [1]. Numerous studies have revealed a higher
absolute number of deaths from CVD as well as higher 30-day
mortality rates in women compared with men [2, 3]. Yet there is
relatively little known about sex-based differences in the devel-
opment of CVD. Women present on average 10 years later than
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men with CVD. The leading explanation for this timing relates to
the onset of menopause and the noted increase in the presence of
ASCVD risk factors after this point.

Often manifestations of atherosclerotic cardiovascular dis-
ease (ASCVD) in women are underrecognized leading to de-
lays in care and treatment [4-8]. This often makes identifica-
tion, risk stratification, and management challenging in this
population. For these reasons, primary prevention and risk
stratification of women are of vital importance. Therefore,
considering sex-specific data in our interpretation of current
diagnostic evaluation and risk stratification tools is necessary
in order to optimize our care of women.

Sex differences in the pathogenesis and clinical presenta-
tion of atherosclerosis and acute coronary syndrome (ACS)
have been well described in literature. Women are less likely
to have obstructive coronary artery disease (CAD) with more
multi-vessel diffuse disease when presenting with ACS [9e].
This has been attributed to smaller coronary vessel anatomy,
an increase in arterial stiffness, and relatively low flow re-
serves compared with men [10-12]. In a study by Schiefer
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et al., women had smaller mean uncorrected left main and left
anterior descending artery sizes than men (21.53 vs.
26.95 mm?, P<0.001, and 14.68 vs. 19.94 mm?, P=0.002,
respectively), and smaller luminal areas for the same (15.94
vs. 18.79 mm?, P=0.020, and 10.13 vs. 12.71 mm’, P=
0.036, respectively) [13]. In a study involving 142 patients
who underwent intravascular ultrasonography and coronary
endothelial function assessment, men were found to have
higher atheroma burden in the left main and proximal left
anterior descending arteries (median, 23.0% vs. 14.1%, P=
0.002; median, 40.1% vs. 29.3%, P =0.001, respectively) and
more eccentric atheroma (median, 0.89 vs. 0.80, P=0.04),
and women had lower maximal coronary flow reserve (2.80
vs. 3.30, P<0.001) [14].

Early recognition of atherosclerosis may assist in identify-
ing those who may benefit most from preventive strategies
[15, 16]. The detection of plaque has a strong, independent
association with ASCVD risk [17]. Non-invasive cardiovas-
cular imaging technology has emerged as a means to quantify
and qualitatively analyze plaque composition [18, 19]. Several
studies have found lipid-rich, non-calcified plaques to be
strongly associated with ACS as opposed to calcified plaques
[20-22]. Studies with heterogeneous results can also be found
in literature. Yet, the differences in clinical presentations, risk
factors, and pathological manifestations suggest distinct pro-
cesses of atherosclerotic plaque development between men
and women.

Presence of coronary artery calcium (CAC) is strongly in-
dicative of subclinical coronary atherosclerosis and is also an
independent risk predictor for major cardiovascular events
[23, 24]. It has also been shown to increase predictive accura-
cy when combined with other risk stratification tools, such as
the Framingham Risk Score.

Is All Plaque Created Equal for Both Sexes?

Atherosclerosis has traditionally been thought of as an insid-
ious process leading to a ruptured thrombus causing ACS.
However, women typically have plaque erosions while men
present more classically with acute plaque rupture [25]. While
plaque rupture is still considered the primary cause of ACS, a
study looking at patients with ST segment-elevation myocar-
dial infarctions (STEMI) found up to 47% of women over the
age of 50 years had plaque erosions rather than rupture [26].
Erosions are derived from nodular calcifications that protrude
into the coronary artery lumen without evidence of plaque
rupture [27]. While the exact reason for this is largely un-
known, a higher incidence of plaque erosions has been asso-
ciated with younger age, female sex, lack of multi-vessel dis-
ease, and less severe disease compared with plaque rupture
[26]. This suggests an alternative pathogenic process that may
play a role in sex-specific differences in CVD presentations.
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Women also tend to have higher CVD mortality rates de-
spite less obstructive CAD [28]. Yet little pathological evi-
dence has been found to explain this discrepancy. A rising
interest in sex-specific disparities in women’s cardiovascular
health has led to research efforts investigating coronary artery
plaque development in women. A study of 697 patients pre-
senting with ACS looked at plaque characteristics using intra-
vascular ultrasound (IVUS) and invasive coronary angiogra-
phy. In this study, women had less extensive CAD despite
more comorbid conditions compared with men and plaque
rupture was less common in women (6.6% vs. 16.3%; P=
0.002). The extent of CAD was characterized by the number
of non-culprit lesions, which was significantly less in women
(P=0.002) [29].

Data from prior studies on plaque composition has reported
heterogeneous findings for women. In a large study based out
of the CONFIRM registry consisting of 5632 patients, more
plaques of every type were found in men than in women [30].
A similar study found more non-calcified than calcified
plaque in women [31]. A similar distribution of results was
found in a study of over 1000 patients with matched cohorts,
showing a significantly higher proportion of non-calcified
plaques in females [32¢]. This pattern of relatively increased
non-calcified, lipid-rich plaque development in women is im-
portant in identification and risk stratification using sex-
specific patterns of atherosclerotic plaque development.

Coronary Artery Calcium

CAC occurs with deposition of calcium on the intimal layers
of the coronary arteries. It is a direct indicator of atheroscle-
rotic disease and is incrementally predictive of future cardio-
vascular events, independent of traditional cardiovascular risk
factors [33]. Computed tomography (CT) scanning has
emerged as a vital tool that detects and quantifies coronary
plaque, given its non-invasiveness, diagnostic accuracy, re-
producibility, relatively less radiation hazard, and less cost
[34]. In 1990, Agatston et al. first described the use of quan-
tifying coronary calcium burden and its correlation with cor-
onary atherosclerosis [35]. Of the different methods available
to quantify CAC, the most commonly used is where calcium
is quantified and scored using the measured area times weight-
ed densities (in Hounsfield units) of the lesions [35]. Absolute
cut points were Initially defined as 0, 1-100, 101400, and >
400 for absent, mild, moderate, and high amount of CAC
burden respectively [36, 37]. In 2016, this was modified with
CAC 0 being defined as very low risk, 1-99 as mildly in-
creased risk, 100299 as moderately increased risk and >
300 as moderate to severely increased risk [38e¢]. Higher
CAC scores in asymptomatic patients have been shown to
strongly correlate with histopathological coronary disease
[39, 40]. On the other hand, absence of CAC (score=0)
makes the likelihood of having a cardiovascular event
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extremely unlikely, with an approximate 97-99% negative
predictive value [33, 41].

Sex-Specific CAC Patterns

It is well established that high CAC is associated with athero-
sclerotic plaque development [42]. CAC detects and quan-
tifies subclinical coronary atherosclerosis in order to risk strat-
ify asymptomatic patients. Application of calcium scoring
alone has been shown to drastically underestimate women at
risk for cardiovascular events compared with men [20]. In a
large study of 10,377 asymptomatic individuals, women had
lower CAC scores despite higher all-cause mortality than
men. This was true across all groups, most prominently in
groups with CAC scores >400 and > 1000 (HR=5.5,
P <0.0001) [43]. In a case-control study of 5718 smokers,
CAC was more prevalent and more severe in men (prevalence
81% vs. 60%; median volume 104 mm® vs. 12 mm’) and
women had CAC more comparable with men who were in a
10-year younger age group. CAC was associated with an in-
crease in both all-cause mortality and cardiovascular mortality
for women and men [44].

Women have less quantifiable CAC, which is detected on
average 10 years after men [9¢]. This creates a substantial
dilemma in how to risk stratify women. Initially, absolute
calcium scoring was used assuming the standard Agatston
score thresholds > 0, > 100, and > 400. However, introduction
ofrelative calcium scoring adjusting for sex and age suggested
an improved method for risk stratification (Fig. 1). For this
reason, sex-specific CAC cutoffs were developed in order to
account for discrepancies in calcium distribution [20, 45, 46].

In a large, prospective study by the Multi-Ethnic Study of
Atherosclerosis (MESA) investigators, men had much higher
coronary calcium burdens than women at all ages [47].
Estimated CAC for the 90th percentile of white patients aging
55-64 was 102 for women and 452 for men, representing a
large yet consistent difference in CAC measurement between
sexes. In this cohort, 62% of women had a CAC score of zero
compared with only 40% of men. Measured calcium levels
and overall prevalence increased steadily with age [45]. Using
sex-adjusted CAC scores to reclassify patients has been vali-
dated in several other studies [48—50]. A large prospective
cohort study of 3238 participants from New England
consisting of 48% women found a large difference in risk
stratification groups using relative cutoffs. These findings
were especially pronounced in women. In this cohort, only
9.1% of women had a severely elevated absolute CAC score >
400; however, 42.7% were reclassified into this category
based on the 90th percentile relative cutoft [20].

Evidence comparing CAC distribution in women also
varies substantially among racial groups and ethnicities sug-
gesting sex-specific differences may play an even more com-
plex role in identifying at-risk patients. In the MESA study,

CAC measurement and prevalence varied significantly be-
tween races. A total of 62% women had calcium scores of
zero when compared with 40% men. Caucasian women had
the highest non-zero calcium scores, while Hispanic women
had the lowest [47]. A multicenter, prospective cohort ELSA-
Brasil study from Brazil looked at CAC distribution in 3616
individuals, 54.3% of which were female. The reported over-
all zero CAC prevalence was much lower than in MESA for
women (17% vs. 62%) and to a lesser degree in men (36% vs.
40%). When compared with MESA, the CAC 90th percentile
values in the ELSA-Brasil study were similar in younger
women ages 44-54 (7 vs. 8) but were significantly lower in
older women ages 65-74 (157 vs. 391) [51].

Although CAC has been shown to be an independent pre-
dictor for cardiovascular events and mortality risk, CAC pres-
ence varies tremendously between males and females. In an
effort to explain this discrepancy, several groups have com-
pared plaque patterns and distributions in women and men. In
a large multicenter study of over 63,000 people, Shaw et al.
studied calcified plaque distribution with respect to sex and
different CAC subgroups (CAC score 1-100, 101-399, >
400) [9+]. They discovered that across subgroups, women tend
to have fewer calcified lesions (2.6 vs. 3.5,6.9vs. 9.5, 15.9 vs.
20.2; P<0.0001), fewer calcified vessels (1.5 vs. 1.6, 2.4 vs.
2.6, 3.2 vs. 3.3; P=0.017), less volume of calcifications (24
vs. 25, 161 vs. 172, 790 vs. 932 mm3; P<0.0001), more
dense plaques (192 vs. 184, 248 vs. 234, 268 vs. 258 HU;
P=0.013), and greater mean lesion size (12 vs. 10, 36 vs.
28, 65 vs. 57 mm’; P< 0.0001) than their male counterparts
respectively. Higher CAC scores were also associated with
higher plaque density. Women with larger and higher number
of CAC lesions were found to have at least a twofold higher
CVD mortality than men (P <0.0001). Women had a 1.3
times increased risk of cardiovascular death than men if
CAC was detected in any amount. Interestingly, the number
of lesions was the greatest predictor for CVD mortality with
women having a proportionally higher risk per each lesion
involved (28% vs. 14%) [9].

Traditional CAC scoring is weighted up with increasing CAC
density; however, data from several studies has shown that CAC
density is not predictive of CV events in women (9, 10, 52). A
prospective, multicenter observational MESA study of 3398 par-
ticipants in the USA, composed of 42% females, analyzed CVD
risk and CAC characteristics seen on CT. This study showed no
significant interaction for CVD with respect to density score and
sex (P=0.55) [18]. Another study in the same population by
Criqui et al. found that CAC density was inversely related to
CV events although this did not differ significantly between
men (HR =0.802; 95% CI 0.665-0.966) and women (HR =
0.661; 95% CI 0.526-0.831, P value for interaction =0.581)
(52). Conversely, CAC volume had a greater correlation with
CV events for both men and women [18]. Although women on
average have lower CAC volumes, when comparing similar
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Fig. 1 Using coronary artery
calcification (CAC) in women.
The role of coronary artery
calcification (CAC) has evolved
with increasing evidence beyond
the CAC scoring alone (original
model). In 2016, the modified
CAC model proposed was
adjusted for age and sex, and had
better prognostic power. With
increasing data, we propose the
use of a sex-adjusted model in
women but also take into
consideration features of the
plaque that improve the
prognostic power of CAC

*

Consider
race/ethnicity

volumes, women have a significantly elevated mortality risk
compared with men. This is also most evident at higher plaque
volumes (relative hazard 28.81 vs. 9.90, P <0.0001) [9°].
Literature also exists that incorporating factors like regional
calcium depositions and extra coronary calcification in to cal-
cium scoring would help further risk stratify patients more ef-
fectively [52].

Cardiovascular Mortality

Cardiovascular disease remains the leading cause of morbidity
and mortality among both men and women in the USA, ac-
counting for approximately 840,768 deaths in 2016 [53].
Historically, women have had consistently higher CVD mor-
tality rates than men [54]. However, over the last several de-
cades, there has been a drastic reduction in these numbers
largely due to an emphasis on education and awareness.
Recent data has supported unique sex-based differences in
underlying plaque pathology, clinical presentation, and car-
diovascular outcomes. This has led to further investigations
into what features of coronary atherosclerosis are unique to
women and portend an increased mortality risk.

Higher CVD mortality rates have been attributed to women’s
tendency to present later than men. The AHA 2019 Heart
Disease and Stroke Statistics Update noted the average age for
women and men presenting with their first myocardial infarction
(MI) is 72.0 and 65.6 years respectively [53]. This may be related
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to differences in underlying pathology as women compared with
men more commonly present with non-ST segment-elevation MI
(NSTEMI) and stable angina [55].

Younger women represent perhaps the most overlooked
but vulnerable population with respect to ASCVD and pre-
senting with ACS. While women in various age groups have
shown decreased mortality rates over the past several years,
the mortality rate of women < 55 years of age have remained
either stagnant or higher than previous years [56]. Mortality in
this age group of women continues to be higher than its male
counterparts [57]. This is largely attributed to higher cardio-
vascular risk factor burden, including diabetes and obesity,
comorbidities, and delays in presentation [58]. Presentations
of ASCVD in young women are often misunderstood and
overlooked. In addition, our traditional risk stratification tools
frequently underestimate ASCVD risk, leading to missed di-
agnoses and opportunities for prevention. A broad category of
these misunderstood diagnoses have been coined MI with
non-obstructive coronary arteries (MINOCA). The prevalence
of this group which includes spontaneous coronary artery dis-
section (SCAD) and other non-obstructive coronary patterns
has been reported in 3.5-15% of patients with acute MI [59].

Use of CAC in Risk Reduction Strategies

Risk stratifying ASCVD in asymptomatic women can be chal-
lenging. Screening using traditional cardiovascular risk
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factors often categorizes women as lower risk compared with
their male counterparts. In a study by Michos et al., involving
2447 non-diabetic, asymptomatic women subjects in the age
range of 55 + 10 years, 84% women with CAC > 75th percen-
tile were classified as low risk per Framingham Risk Score
(FRS) [60]. In another study in the MESA cohort, 90% non-
diabetic women aged < 79 years were deemed as low risk per
FRS. A total of 32% (n = 870) of these women had CAC > 0.
These women were at an increased risk of CVD (hazard ratio,
6.5; 95% confidence interval, 2.6-16.4) and CVE (hazard
ratio, 5.2; 95% confidence interval, 2.5-10.8) when compared
with women with no CAC [61]. The MESA risk score calcu-
lator hence has CAC incorporated for CVD risk assessment.

CAC is highly predictive for major CV events and
mortality, as the MESA cohort and others have demon-
strated. Budoff et al., compared serial CAC scans in
asymptomatic patients and found that regardless of cut-
off points, with CAC >0, progression of CAC translates
to at least a threefold increase in mortality [62]. In a
study of 2363 asymptomatic patients with a low-
intermediate Framingham Risk Score, the 15-year mor-
tality ranged from 5 to 23.5% for CAC scores of 0 and
> 400 respectively (P<0.001) [63].

The 2019 American College of Cardiology and American
Heart Association (ACC/AHA) CVD prevention guidelines
recommend CAC measurement in intermediate risk patients.
Proposed guidelines for ASCVD risk estimates of 5-7.5% and
>7.5-20% use CAC> 1 to consider and recommend statins
respectively [64, 65].

Conclusions

Despite growing awareness over the past several de-
cades around ASCVD in women, much is still unknown
regarding the pathophysiological sex-based mechanisms
of coronary atherosclerosis. Several studies have ob-
served variable profiles of calcification and plaque char-
acteristics suggesting a unique phenotype of plaque de-
velopment in women. Women have smaller plaques that
are less calcified and obstructive yet portend higher
acute and long-term CV mortality. This may be ex-
plained by both relative extensiveness of plaque burden
and volume. Women seem to display a distinct plaque
profile that should be strongly considered when
assessing for cardiovascular risk. CAC scoring with rel-
ative cutoff values is a vital tool in this regard and
helps with risk stratification and sex-specific tailored
preventive therapy. CAC measurements other than calci-
um density might be predictive of CVD risk and CVE
in women and further larger studies are warranted for
the same.
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