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Background-—Coronary artery disease is a leading killer of women. Arterial stiffness predicts myocardial infarction, and
postmenopausal women have lower arterial compliance (AC) than men. We hypothesized that lower AC would be associated with
greater burden of coronary artery plaque and calcification, and that these associations would be stronger in women than men.

Methods and Results-—We evaluated 3639 consecutive adults without coronary artery disease history who had coronary
computed tomography between 2006 and 2014. Coronary artery calcification was calculated using the Agatston method. Plaque
extent was assessed by the number of arterial segments with visible plaque divided by the number of visualized segments 9100
(percent plaque score). Indexed AC was calculated as stroke volume index/central pulse pressure. We used step-wise multivariable
linear regression to assess associations of log indexed AC with log (percent plaque score+1) and log (coronary artery
calcification+1). Sex-specific models were performed if the interaction sex9AC was significant. Mean age was 57�11 years, 53%
were men, and 71% were hypertensive. Interaction term sex9AC was significant for both models (P=0.008 for percent plaque
score and 0.022 for coronary artery calcification). Lower indexed AC was associated with higher percent plaque score and coronary
artery calcification in women (b�SE: �0.231�0.113, P=0.042 and �0.334�0.166, P=0.044, respectively), but not in men (b�SE:
�0.062�0.104, P=0.551 and 0.114�0.173, P=0.510, respectively).

Conclusions-—Lower AC is associated with greater burden of coronary artery plaque and calcification in women, but not in men.
Our findings highlight low AC as a correlate of more-advanced coronary artery disease and as a potential link to the worse
cardiovascular outcomes in women. ( J Am Heart Assoc. 2017;6:e006079. DOI: 10.1161/JAHA.117.006079.)
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I schemic heart disease is the principal cause of death
worldwide,1 accounting for 17.3 million deaths per year, a

number that is expected to rise to >23.6 million by 2030.2 In
women, the risk of coronary artery disease (CAD) is often
underestimated, attributed to the misperception that females
are protected against cardiovascular disease. However, it is
now well established that CAD is the most common cause of
death of both men and women in North America.3 Impor-
tantly, over the past 2 decades the prevalence of myocardial

infarction (MI) has increased among middle-aged women,
while declining among similarly aged men.4 This ominous
temporal trend in women calls for an intensification of efforts
aimed at screening and treating vascular risk factors, as well
as early identification of individuals at higher risk of events,
with the goal of improving overall vascular health and
preventing adverse outcomes.

When addressing cardiovascular risk in women, hyperten-
sion has a pivotal role. Incidence of hypertension in women
has been increasing at a rate double that of men5 and is more
prevalent in older (aged ≥65 years) women than men.3

Impairment in the conduit artery’s pressure-buffering capacity
caused by low arterial compliance (AC) leads to increases in
pulse pressure (PP), which not only contributes to hyperten-
sion, but also impairs coronary perfusion,6 promotes end-
organ damage,7 and predicts MI and death.8,9 In the search
for causes of cardiovascular diseases in women, we have
previously shown that proximal aortic stiffness and lower AC
are associated with several cardiac derangements such as left
ventricular (LV) diastolic dysfunction,10 altered ventricular-
arterial coupling,10 LV concentric remodeling,11 and worse
coronary artery microvascular function12 in women, but not in
men. These findings support a notion that abnormalities in AC
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may play a greater role in the pathogenesis of cardiovascular
diseases in women than in men.13 Therefore, better under-
standing the contribution of low AC to CAD may help
elucidate the basis for the worse CAD outcomes in women.
Thus, we hypothesized that lower AC, leading to greater
pulsatile arterial load, would be associated with a greater
burden of coronary artery plaque and calcification, and that
these associations would be stronger in women than men.

Methods

Study Participants
All participants provided informed consent to have their clinical
and demographic data recorded as part of the University of
Ottawa Heart Institute’s (Ottawa, Ontario, Canada) cardiac
computed tomography (CT) database, and to have these data
used for research purposes. We obtained additional approval by
the Research Ethics Board to perform the present analyses. We
then accessed theUniversity of OttawaHeart Institute’s cardiac
CT database, identifying subjects who had undergone a
coronary CT angiography between 2006 and 2014. Because
we needed LV volumes to estimate AC (see below), we
restricted our search to subjects with a retrospectively ECG-
gatedCT. Subjectswithout a past history ofMI, unstable angina,
and surgical or percutaneous coronary revascularization were
eligible (n=3639). A flow chart depicting the process for
participant selection is presented in Figure 1.

Medical History, Vital Signs, and Anthropometric
Measures
Data on age, past medical history, cardiovascular risk factors,
medications, laboratory tests, anthropometrics, and vital signs
were retrieved from the database. Bodymass indexwas calculated
in kg/m2. Body surface area was calculated using the Gehan
method.14 Resting blood pressure and heart rate were measured
with an automated blood pressure cuff while participants were at
rest, before administration of beta-blockers and nitrates. Mean
arterial pressure was calculated as 2/3 diastolic blood pres-
sure+1/3 systolic blood pressure. PP was calculated as systolic
blood pressure�diastolic blood pressure. Hypertension was
defined based on previous diagnosis of hypertension and/or
current treatment with medications for hypertension. Diabetes
mellitus was defined as previous diagnosis of diabetes mellitus
and/or treatment with insulin or oral hypoglycemic agents.
Smokingwasdefinedasprevious or current history of tobaccouse.

Assessment of Coronary Artery Plaque and
Calcification
After baseline documentation of vital signs, metoprolol (oral
and/or intravenous) was administered to achieve a target

Figure 1. Flow chart for selection of participants for the present
analyses. CABG indicates coronary artery bypass grafting; CAC,
coronary artery calcium; CAD, coronary artery disease; CT,
computerized tomography; MI, myocardial infarction; NOS, not
otherwise specified; PCI, percutaneous coronary intervention.

Clinical Perspective

What Is New?

• Lower arterial compliance is independently associated with
greater burden of coronary artery plaque and calcification in
women.

• This finding was specific to women aged >50 years and not
observed in younger women.

• In men, the burden of coronary artery plaque and calcifi-
cation was explained by conventional risk factors without
additional contribution from arterial compliance.

What Are the Clinical Implications?

• Based on our findings, lower arterial compliance, implying
more-advanced arterial aging, may be a correlate of more
advanced coronary atherosclerosis in older women.

• Because lower arterial compliance is known to predict
adverse cardiovascular events, our findings may help explain
the poorer outcomes observed in women with coronary
artery disease, which is amenable to testing in future
prospective studies.

• Our findings also highlight low arterial compliance as a potential
target for prevention of coronary artery disease in women.
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heart rate ≤65 beats/min, and nitroglycerin 0.8 mg was
administered sublingually. A biphasic timing bolus was used
(Visipaque 320 or Omnipaque 350; GE Healthcare, Princeton,
NJ).15 Final images were acquired with a triphasic intravenous
contrast administration protocol (100% contrast, 40%/60%
contrast/saline, and saline [40 cc]).15,16 Retrospective ECG-
gated data sets were acquired with the GE Volume CT (GE,
Milwaukee, WI) with 6490.625 mm slice collimation and
gantry rotation of 350 ms (mA=400–800, kV=120) using
ECG-gated X-ray tube modulation. Pitch (0.16–0.24) was
individualized based on the patient’s heart rate. For coronary
assessment, CT data sets were reconstructed with an
increment of 0.4 mm using the cardiac phase(s) with the
least cardiac motion.

Images were processed using the GE Advantage Volume
Share Workstation (GE Healthcare) and visually interpreted by
expert observers blinded to clinical data. A 17-segment model
of coronary arteries17 was used for the evaluation. Total burden
of coronary artery plaque (calcified and soft) was quantified by
total plaque score (TPS), a validated measure of coronary
plaque burden known to be an independent predictor of death
and nonfatal MI.15 TPS was determined by adding the number
of coronary segments with calcific, noncalcific, or mixed
plaque. Because not all coronary segments may be visualized,
TPS was normalized for the total number of coronary segments
observed (percent plaque score; PPS). In addition, we mea-
sured the burden of coronary artery calcification (CAC) using
the Agatston method.18 These analyses were performed by
staff physicians reading CT. For TPS and PPS, intra- (n=20) and
interobserver (n=2564) concordance were excellent, with
intraclass correlation coefficients (95% confidence interval) of
0.936 (0.846–0.974) and 0.904 (0.897–0.911) for intra- and
interobserver analyses for TPS, respectively, and 0.937
(0.849–0.975) and 0.901 (0.893–0.908) for intra- and
interobserver analyses for PPS, respectively. There were no
changes in CT equipment, protocol, or postprocessing software
for the duration of the study.

Assessment of AC
AC is the change in arterial blood volume attributed to a given
change in pulsatile blood pressure. The stroke volume/PP
ratio is a good estimate of AC (r=0.98; P<0.0001),19 which
predicts cardiovascular events and mortality;20 thus, it was
used as a measure of AC in this study.

Cardiac volumes were estimated with cardiac CT by staff
physicians. This technique has been shown to closely
correlate with invasive ventriculography21 and cardiac mag-
netic resonance imaging.22 Retrospectively ECG-gated CT
angiography images were reconstructed at 10 phase (5–95%)
with 1.25 mm slice collimation with an increment of
0.625 mm. Using a semiautomated algorithm, LV volumes

were measured at end-diastole and end-systole excluding the
papillary muscles, and stroke volume was calculated as their
difference. Previously published data from our laboratory
confirm excellent inter- and intraobserver variability for
measurement of LV volumes.23,24

Because of the expected smaller ventricular volumes in
women, stroke volume was indexed to body surface area. PP
was estimated from brachial blood pressure immediately
before the imaging study as outlined above. Indexed AC (iAC)
was then estimated as indexed stroke volume/PP. This linear
indexation is justified because AC has been shown to have
approximately linear relationships to body surface area.25

Statistical Analyses
Continuous variables were reported as mean�SD. Differences
between sexes were compared with a t test for normally
distributed variables and Wilcoxon rank-sum test for skewed
variables. Categorical variables were reported as number and
percentage, and differences between sexes were assessed
with the chi-square test.

Unadjusted associations of iAC with PPS and CAC in the
whole group, men, and women were assessed with Spearman
correlation coefficients.

Because of skewness, iAC was natural log-transformed,
and PPS and CAC were natural log-transformed after adding
1. Forward step-wise multivariable linear regression models
were used to assess associations of iAC with the burden of
coronary artery plaque and calcification in the whole cohort,
using criteria of P≤0.10 to enter and ≤0.05 to stay in the
models. Log iAC was forced into models when it did not meet
step-wise criteria. Covariates considered in the models were:
age, sex, serum creatinine, heart rate, mean arterial pressure,
history of hypertension, diabetes mellitus, dyslipidemia, and
smoking, and use of antihypertensives, statins, and aspirin. To
determine whether sex modified the associations of iAC with
PPS and CAC, we tested the interaction term sex9iAC before
the step-wise procedure. If significant, we repeated the
models after stratifying for sex. To better delineate the
specific subgroup of women in whom low iAC may be
detrimental to coronary health, in exploratory analyses we
repeated the multivariable linear regression models in women
after stratifying for age groups (younger: ≤50 years; older:
>50 years).

All analyses were performed using JMP software (v. 11.2;
SAS Institute Inc, Cary, NC). A 2-tailed P≤0.05 was considered
statistically significant.

Results
A summary of participant characteristics is shown in
Table 1, and characteristics of women based on age group
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Table 1. Participant Characteristics

Variable All (n=3639) Women (n=1723) Men (n=1916)

Demographics, medications, and vital signs

Age, y 57.2�11.0 59.3�10.7 55.1�10.8†

Age >50 y, n (%) 2636 (72) 1376 (80) 1260 (66)†

Height, cm 167.6�10.4 159.7�7.0 174.7�7.5†

Weight, kg 83.5�19.3 76.4�18.1 89.9�18.1†

Body surface area, m2 2.2�0.3 2.1�0.3 2.3�0.3 †

BMI, kg/m2 29.7�6.1 29.9�6.9 29.4�5.4*

eGFR, mL/min per 1.73 m2 80.9�19.2 77.9�19.2 83.7�18.8†

Heart rate, bpm 67�12 69�11 66�11†

SBP, mm Hg 137�20 138�21 136�18*

DBP, mm Hg 80�10 78�10 80�10†

MAP, mm Hg 99�11 98�12 99�11

Brachial pulse pressure, mm Hg 55�13 57�14 53�12†

Central pulse pressure, mm Hg 51�8 53�9 50�7†

Hypertension, n (%) 2571 (71) 1290 (75) 1281 (67)†

Diabetes mellitus, n (%) 555 (15) 254 (15) 301 (16)

Dyslipidemia, n (%) 2082 (57) 965 (56) 1117 (58)

Smoking, n (%) 1965 (54) 888 (52) 1077 (56)*

Aspirin use, n (%) 2104 (58) 969 (56) 1135 (59)

Statin use, n (%) 1692 (46) 793 (46) 899 (47)

Antihypertensive use, n (%) 2313 (64) 1194 (69) 1119 (58)†

CT data

Indications for scan

Chest pain, n (%) 2166 (60) 1164 (68) 1002 (52)†

Dyspnea, n (%) 657 (18) 379 (22) 278 (15)†

Equivocal stress test result, n (%) 921 (25) 471 (27) 450 (24)*

Atrial fibrillation, n (%) 89 (2) 26 (2) 63 (3)*

LV EDV, mL 137.3�39.5 121.0�29.8 151.9�41.4†

LV ESV, mL 50.6�28.5 42.3�22.8 58.0�30.9†

LV SV, mL 86.7�21.5 78.7�17.1 93.9�22.6†

LV SVi, mL/m2 39.7�8.7 38.6�7.9 40.5�9.2†

LV EF, % 64�10 66�10 63�9†

CAP present, n (%) 2583 (71) 1063 (62) 1520 (79)†

Total plaque score, n 3.8�3.9 2.6�3.2 4.8�4.2†

Coronary segments visualized, n 15.9�1.4 15.8�1.5 16.1�1.2†

PPS, % 23.7�24.6 16.9�20.8 29.8�26.0†

CAC present, n (%) 2181 (60) 878 (51) 1303 (68)†

CAC score 161.2�367.3 93.6�213.9 222.1�455.3†

AC, mL/mm Hg 1.7�.0.5 1.5�0.4 1.9�0.5†

iAC, (mL/m2)/mm Hg 0.76�0.25 0.73�0.24 0.79�0.24†

AC indicates arterial compliance; BMI, body mass index; CT, computed tomography; CAC, coronary artery calcium; CAP, coronary artery plaque; DBP, diastolic blood pressure; EDV, end-
diastolic volume; eGFR, estimated glomerular filtration rate; ESV, end-systolic volume; iAC, indexed arterial compliance; LV, left ventricle; MACE, composite end point of death, nonfatal
myocardial infarction or coronary revascularization; MAP, mean arterial pressure; PPS, percent plaque score; SBP, systolic blood pressure; SV, stroke volume; SVi, stroke volume index.
*P≤0.01.
†

P<0.001 compared with women.
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are shown in Table 2. Fifty-three percent of the 3639
participants were men. Mean�SD age was 55.1�10.8 years
in men and 59.3�10.7 years in women (P<0.001). Seventy-
one percent of participants were hypertensive, and women
were more likely to be hypertensive and have isolated
systolic hypertension than men. iAC was lower in women

than men, even after adjusting for the aforementioned
covariates (P<0.0001), confirming greater pulsatile arterial
load in women. Men were more likely to have coronary
artery plaque and calcification than women, and the burden
of total and calcified coronary artery plaque was higher in
men.

Table 2. Women’s Characteristics Based on Age Group

Variable ≤50 Years Old (n=346) >50 Years Old (n=1378) P Value

Demographics, medications, and vital signs

Age, y 44.3�5.6 63.2�8.1 <0.0001

Height, cm 162.22�7.2 159.2�6.82 <0.0001

Weight, kg 80.9�21.6 75.2�16.9 <0.0001

Body surface area, m2 2.1�0.3 2.0�0.2 <0.0001

BMI, kg/m2 30.8�8.1 29.7�6.4 0.02

eGFR, mL/min per 1.73 m2 86.7�20.5 75.7�18.3 <0.0001

Heart rate, bpm 71�12 68�11 0.0003

SBP, mm Hg 130�19 140�21 <0.0001

DBP, mm Hg 79�11 78�10 0.14

MAP, mm Hg 96�13 99�12 0.0002

Brachial pulse pressure, mm Hg 51�11 58�15 <0.0001

Central pulse pressure, mm Hg 45�6 55�8 <0.0001

Hypertension, n (%) 134 (39) 844 (61) <0.0001

Diabetes mellitus, n (%) 37 (11) 221 (16) 0.01

Dyslipidemia, n (%) 126 (36) 849 (62) <0.0001

Smoking, n (%) 194 (56) 693 (50) 0.05

Aspirin use, n (%) 137 (40) 830 (60) <0.0001

Statin use, n (%) 94 (27) 705 (51) <0.0001

Antihypertensive use, n (%) 178 (51) 1023 (74) <0.0001

CT data

LV EDV, mL 129.7�31.5 118.6�28.8 <0.0001

LV ESV, mL 46.9�22.3 41.1�22.8 <0.0001

LV SV, mL 82.8�19.2 77.6�16.3 <0.0001

LV SVi, mL/m2 39.3�9.0 38.4�7.6 0.07

LV EF, % 64�9 66�10 0.0003

CAP present, n (%) 102 (29) 962 (70) <0.0001

Total plaque score, n 0.9�2.1 3.0�3.3 <0.0001

Coronary segments visualized, n 15.8�1.5 15.8�1.5 0.85

PPS, % 5.9�13.2 19.6�21.5 <0.0001

CAC present, n (%) 59 (17) 820 (60) <0.0001

CAC score 15.3�58.7 113.5�233.4 <0.0001

AC, mL/mm Hg 1.7�0.6 1.4�0.4 <0.0001

iAC, (mL/m2)/mm Hg 0.8�0.3 0.7�0.2 <0.0001

AC indicates arterial compliance; BMI, body mass index; CT, computed tomography; CAC, coronary artery calcium; CAP, coronary artery plaque; DBP, diastolic blood pressure; EDV, end-
diastolic volume; eGFR, estimated glomerular filtration rate; ESV, end-systolic volume; iAC, indexed arterial compliance; LV, left ventricle; MAP, mean arterial pressure; PPS, percent plaque
score; SBP, systolic blood pressure; SV, stroke volume; SVi, stroke volume index.
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Associations of AC With Coronary Artery Plaque
and Calcification
Spearman correlation coefficients are depicted in Table 3,
showing that while the associations of iAC with PPS and CAC
were modest, they were twice as strong in women than in
men. Results of the final multivariable linear regression
models in the whole cohort are depicted in Tables 4 and 5 for
PPS and CAC, respectively. Log iAC was not independently
associated with tter log(PPS+1) or log(CAC+1) in the whole
cohort.

The interaction term sex9iAC was significant in the
prediction of coronary artery plaque and calcification
(P=0.0077 and 0.0222, respectively). Thus, we repeated
regression models after stratifying for sex (Tables 4 and 5 for
PPS and CAC, respectively). We found that lower iAC was
associated with greater burden of coronary artery plaque and
calcification in women, but not in men. Illustrative cases of
women with high and low AC are shown in Figure 2. In
addition, because AC is the main determinant of pressure
pulsatility, we repeated the models while using brachial or

central PP as independent variables instead of log iAC, and
inferences remained unchanged (analyses not shown).

In analyses stratified by age groups, we found that the
associations of low log iAC with higher log (PPS+1; b�SE:
�0.303�0.133; P=0.0227) and with higher log(CAC+1;
�0.446�0.201; P=0.0268) were only present in older
women, but not in younger women (P=0.9934 and 0.5974,
respectively). However, because women younger than age 50
were under-represented (20% of all women), we cannot
exclude the possibility that the sample size of younger women
was underpowered to evaluate this association.

Discussion
In a large cohort of subjects without a history of MI or
coronary revascularization, we have demonstrated that iAC is
lower in women than men and associated with greater burden
of coronary artery plaque and calcification in women (specif-
ically older women), but not men. To the best of our
knowledge, this is the first study to report sex-specific

Table 3. Spearman Correlation Coefficients for the Associations of Arterial Compliance With Coronary Artery Plaque and
Calcification Burden

All (n=3639) Spearman’s q (P Value) Women (n=1723) Spearman’s q (P Value) Men (n=1916) Spearman’s q (P Value)

CAC PPS, % CAC PPS, % CAC PPS, %

iAC, (mL/m2)/mm Hg �0.10 (<0.0001) �0.09 (<0.0001) �0.20 (<0.0001) �0.20 (<0.0001) �0.09 (<0.0001) �0.10 (<0.0001)

CAC indicates coronary artery calcium; iAC, indexed arterial compliance; PPS, percent plaque score.

Table 4. Multivariable Linear Regression Models for Coronary Artery Plaque Burden (log [PPS+1])

Variable All (b�SE) Women (b�SE) Men (b�SE)

Age, y 0.058�0.002, P<0.0001 0.051�0.004, P<0.0001 0.064�0.003, P<0.0001

Female sex �0.512�0.024, P<0.0001 ��� ���
eGFR, mL/min per 1.73 m2 ��� �0.004�0.002, P=0.0228 0.004�0.002, P=0.0285

Heart rate, bpm �0.006�0.002, P=0.0059 �0.006�0.003, P=0.0384 ���
MAP, mm Hg 0.005�0.002, P=0.0089 ��� 0.005�0.002, P=0.0685

Hypertension 0.134�0.025, P<0.0001 0.177�0.036, P<0.0001 0.114�0.0320, P=0.0004

Hyperlipidemia ��� ��� ���
Diabetes mellitus 0.113�0.033, P=0.0006 0.145�0.050, P=0.0040 ���
Smoking 0.206�0.023, P<0.0001 0.227�0.034, P<0.0001 0.173�0.030, P<0.0001

Antihypertensive use ��� ��� ���
Apirin use ��� ��� 0.073�0.033, P=0.0255

Statin use 0.206�0.024, P<0.0001 0.182�0.036, P<0.0001 0.206�0.032, P<0.0001

Log iAC �0.105�0.077, P=0.1747 �0.231�0.113, P=0.0418 �0.062�0.104, P=0.5512

Results of step-wise multivariable linear regression models with forward elimination, with criteria of P≤0.10 to enter and ≤0.05 to stay in the models. eGFR indicates estimated glomerular
filtration rate; iAC, indexed arterial compliance; MAP, mean arterial pressure; PPS, percent plaque score.
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associations of AC with burden of epicardial CAD, contributing
to our understanding of the pathogenesis of CAD in middle-
aged women. Our findings highlight low AC as a correlate of
more advanced CAD in women, which may have a potential
link to women’s worse cardiovascular outcomes.

Women are more likely to die after an MI than men.3

Although the higher mortality in women has conventionally
been attributed to women’s older age at presentation, these
sex differences are present throughout age groups.3 In
addition, women of all age groups are also more likely than
men to develop heart failure and have a recurrent fatal or
nonfatal MI.3 These ominous statistics call for an intensifica-
tion of efforts aimed at understanding potential mechanisms
contributing to CAD in women, in order to identify women at
risk, treat contributing factors, and improve their health and
outcomes. One of the most powerful predictors of coronary
events and mortality from CAD is the burden of coronary
artery plaque26 and calcification.27 Thus, identifying corre-
lates of more extensive CAD may give insights into the worse
CAD outcomes in women. This motivated the present
investigations.

In the search for factors correlating to more advanced CAD
in women, early or accelerated vascular aging is an attractive
candidate. Normal aging is characterized by gradual changes
in conduit artery structure and function, leading to lower AC
with aging. However, in some individuals, the arterial aging
process occurs more rapidly, reflecting their lifetime’s expo-
sures to adverse lifestyle habits and cardiovascular risk
factors.28 This accelerated vascular aging, marked by arterial
stiffening/lower AC, culminates in cardiovascular manifesta-
tions such as hypertension,29 MI,8,9 stroke,30 and vascular
cognitive dysfunction.31 In addition, greater arterial stiffness

independently predicts all-cause and cardiovascular mortal-
ity.8,9 Importantly, emerging evidence suggests that arterial
aging may be more exacerbated in postmenopausal women
than men, given that older women exhibit greater proximal
aortic stiffness and lower AC than men of similar age,10–12,32

which is not fully explained by smaller aortic size in women.33

These data led to our hypothesis that lower AC would
correlate with greater burden of epicardial CAD in women.
Indeed, we found that lower iAC was associated with greater
burden of coronary artery plaque and calcification in women
independently of conventional cardiovascular risk factors.
However, in men, CAD burden could be explained by risk
factors alone, without additional contribution from AC.

Mechanisms linking lower AC to CAD burden in women
may include excessive pressure pusatility delivered to the
coronary arterial bed. Increased pressure pulsatility is detri-
mental to arterial health,34 especially at the level of the end
organs, causing greater arterial stretch, shear stress, and
alterations in arterial structure,35 therefore promoting
endothelial dysfunction.36 These changes, in turn, initiate a
cascade that culminates in athero- and arteriosclerosis. In a
healthy arterial system, compliant conduit arteries buffer the
pressure pulsatility generated by the beating left ventricle,
thereby containing the amount of pulsatile pressure delivered
to the end organs.34 However, as AC decreases, so does this
pressure-buffering mechanism, which results in greater pul-
satile pressure delivered to the distal circulation. This
sequence of decreased AC, excessive pressure pulsatility
penetrating the coronary circulation, and arterial damage and
endothelial dysfunction may explain the association of lower
AC with coronary atherosclerotic burden observed in older
women in our study. Indeed, human studies confirm that

Table 5. Multivariable Linear Regression Models for Coronary Artery Calcification Burden (log [CAC+1])

Variable All (b�SE) Women (b�SE) Men (b�SE)

Age, y 0.102�0.003, P<0.0001 0.089�0.005, P<0.0001 0.120�0.005, P<0.0001

eGFR, mL/min per 1.73 m2 �0.746�0.037, P<0.0001 ��� 0.006�0.003, P=0.0227

Heart rate, bpm ��� ��� ���
MAP, mm Hg ��� ��� 0.007�0.005, P=0.0960

Hypertension 0.008�0.003, P=0.0120 0.267�0.054, P<0.0001 0.155�0.053, P=0.0034

Hyperlipidemia 0.138�0.044, P=0.0016 ��� ���
Diabetes mellitus ��� 0.140�0.073, P=0.0572 ���
Smoking 0.140�0.051, P=0.0064 0.373�0.050, P<0.0001 0.291�0.050, P<0.0001

Antihypertensive use 0.342�0.035, P<0.0001 ��� ���
Apirin use 0.084�0.044, P=0.0576 �0.101�0.053, P=0.0618 ���
Statin use �0.746�0.037, P<0.0001 0.284�0.056, P<0.0001 0.368�0.051, P<0.0001

Log iAC �0.109�0.121, P=0.3700 �0.334�0.166, P=0.0442 �0.114�0.173, P=0.5103

Results of step-wise multivariable linear regression models with forward elimination, with criteria of P≤0.10 to enter and ≤0.05 to stay in the models. CAC indicates coronary artery
calcium; eGFR, estimated glomerular filtration rate; iAC, indexed arterial compliance; MAP, mean arterial pressure; SV, stroke volume; SVi, stroke volume index.
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excessive pressure pulsatility is detrimental to coronary
health. In subjects with MI, increased coronary artery
pulsatility is associated with coronary systolic flow reversal
and greater risk of death and reinfarction.37

Taking our findings into account, it is possible that lower
AC, increasing pressure pulsatility delivered to the coronary
bed, may detrimentally affect coronary artery health in older
women. Alternatively, it is also possible that these changes
occur in parallel, with systemic abnormalities associated with
hypertension and other comorbidities simultaneously impair-
ing coronary artery structure and AC in women. Our cross-
sectional study cannot infer causality or temporality of the
associations. However, it provides a novel description and a
solid foundation on which to base future mechanistic and
prospective studies.

Limitations
The main strengths of our study are the large, well-
characterized cohort and the novelty of our findings. However,
our study has limitations: (1) Participants included in this
cohort represent a referral population. However, the preva-
lence of hypertension, dyslipidemia, and diabetes mellitus in
our cohort is very similar to the prevalence of these
conditions in similarly aged adults from the general popula-
tion,38 which increases the external validity of our study; (2)
direct measurement of arterial stiffness and load measures
would be the ideal assessment. Because this was a
retrospective study, these measures were not available as
part of the CT database. However, our estimate of pulsatile AC
is well validated19 and predictive of cardiovascular events and
death,20 providing robust insights into pulsatile arterial load

Figure 2. Coronary computed tomography angiography findings of women with high and low arterial compliance. A, 56-year-old woman with
hypertension, diabetes mellitus, dyslipidemia, and smoking. She had high arterial compliance (3.1 mL/mm Hg) and no visible coronary artery
plaque or calcification. B, 58-year-old woman with hypertension, dyslipidemia, and smoking. She had low arterial compliance (1.3 mL/mm Hg)
and a high burden of coronary plaque and calcification. AC indicates arterial compliance; CAC, coronary artery calcium; LAD, left anterior
descending; LCx, left circumflex artery; PPS, percent plaque score; RCA, right coronary artery.
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and its clinical consequences; (3) to precisely assess coronary
plaque burden, estimation of coronary plaque volume with
angiography and intravascular ultrasound would be ideal.
However, coronary CT has been shown to correlate well with
findings from coronary intravascular ultrasound,39 and we
used well-established measures of coronary plaque and
calcification burden that have been prospectively validated
and known to confer prognostic information, allowing robust
inferences of plaque burden; (4) the cross-sectional nature of
our study prevents inferences about causality and temporality
of the associations found; and (5) in this retrospective study,
we did not have data on menopausal status among women.
However, we attempted to overcome this by exploring
associations of AC with plaque burden based on age younger
or older than 50 years, given that mean age at menopause is
51 years.

Conclusions
Our study showed that lower AC is associated with the
presence of isolated systolic hypertension and with more-
extensive CAD in older women, whereas in men isolated
systolic hypertension and CAD burden are independent of
AC. Our novel findings are relevant for highlighting patho-
logical mechanisms that may contribute to advanced CAD
and its adverse outcomes in women and motivate further
prospective studies aimed at targeting arterial dysfunction
in the early detection, prevention, and treatment of CAD in
women.
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