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ORIGINAL STUDY

Association between waist-hip ratio and coronary artery calcification in
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Abstract
Objective: Many studies have reported that body composition might be associated with cardiovascular disease,

but the issue has not been fully investigated in postmenopausal women.
Methods: This retrospective study comprised 582 postmenopausal women without a history of cardiovascular

disease who visited the Health Promotion Center between May 2008 and February 2018. All women were screened
for body fat composition by bioelectrical impedance analysis and for degree of coronary artery calcification (CAC)
by multidetector computed tomography. In addition, multivariate analysis, integrated discrimination improvement,
and category-free net reclassification improvement were performed.

Results: The level of triglycerides, and the waist-hip ratio (WHR) in participants with CAC (coronary artery
calcium score [CACS]> 0) were higher than in participants with a CACS of zero points. When the participants were
stratified into four groups according to WHR, participants with CAC (CACS> 0) increased significantly as WHR
quartile increased. A multivariate analysis showed that older age (odds ratio [OR]: 2.539; 95% confidence interval
[CI]: 1.524-4.230; P< 0.001), triglyceride level (OR: 1.005; 95% CI: 1.002-1.008; P¼ 0.003), WHR (OR: 1.103;
95% CI: 1.018-1.195; P¼ 0.017), and history of hypertension (OR: 2.701; 95% CI: 1.715-4.253; P< 0.001) were
significantly associated with CAC. The Brier score upon adding WHR to a clinical model was lower than that of the
clinical model without WHR. Adding WHR to a clinical model better predicted CAC than a clinical model without
WHR (C index: 0.761, 95% CI: 0.724-0.795, P< 0.001; net reclassification improvement: 0.195, P¼ 0.037;
integrated discrimination improvement: 1.02%, P¼ 0.043).

Conclusions: In asymptomatic postmenopausal women, WHR as measured by bioelectrical impedance analysis
was significantly associated with coronary atherosclerosis, supplementing information of usual clinical markers.
Hence, WHR might be appropriate as a marker for early atherosclerosis.
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O
besity is strongly related to cardiovascular disease
(CVD) and has increased exponentially over the past
few decades worldwide.1,2 In Korea in particular,

the prevalence of obesity increased from 26% in 1998 to
34.1% in 2017.3 The relationship between obesity and CVD
depends not only on the total amount of body fat but also on
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body fat composition. Furthermore, women indispensably
undergo adverse changes in body fat composition, lipids, and
vascular remodeling during menopause.6-10

Early detection of subclinical atherosclerosis is important
to prevent CVD.11 Coronary artery calcification (CAC) is a
surrogate marker of total coronary atherosclerotic burden. The
coronary artery calcium score (CACS) is a reliable tool for
estimating risk of CVD.12,13

Previous studies have reported an association between body fat
composition and CAC in healthy participants.5 Such an associa-
tion has, however, not yet been reported in postmenopausal
women. The aim of this study was to investigate the relationship
between body fat composition, as assessed by bioelectrical
impedance analysis (BIA), and CAC as assessed by multidetector
computed tomography in asymptomatic postmenopausal women.

METHODS

Study population
In total, 687 postmenopausal women undergoing coronary

computed tomography angiography and BIA, who visited the
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WHR AND CORONARY ARTERY CALCIFICATION
Health Promotion Center of St. Vincent’s Hospital, the Cath-
olic University of Korea, Republic of Korea, from May 2008
to February 2018 were enrolled in this retrospective, obser-
vational study. Patients with angina (n¼ 63), myocardial
infarction (n¼ 23), and stroke (n¼ 19) were excluded. Thus,
a total of 582 postmenopausal women were included in this
study. The current study was exempted from the need to
procure written informed consent because the involved medi-
cal data were reviewed retrospectively. All data records were
anonymously identified and analyzed. This study was
approved by the Institutional Review Board (IRB) of St.
Vincent’s Hospital, The Catholic University of Korea (IRB
approval no: VC20RISI0037).
Clinical and laboratory measurements
Anthropometric measurements were performed in dupli-

cate, and the results were averaged by specially trained
examiners. Height and weight were measured after an over-
night fast, whereas body mass index was calculated as partic-
ipant weight in kilograms divided by the square of height in
meters. Blood pressure measurements were performed with a
standardized sphygmomanometer in the sitting position after
10 minutes of rest. Waist circumference was measured at the
midpoint between the lowest rib and the anterior iliac crest in
the standing position. All participants completed a question-
naire that solicited information regarding age, smoking status,
menopause, and medical history. Smoking history was
defined as a current smoker or exsmoker. Menopause was
defined as lack of menstruation for 1 full year. History of
hypertension, diabetes mellitus (DM), or dyslipidemia was
defined as a previous diagnosis before the current examina-
tion and use of antihypertensive, blood glucose, or lipid-
lowering agents, respectively.

After a 12-hour fast, blood samples were collected from
the antecubital vein of all participants. Total cholesterol,
triglycerides, low-density lipoprotein cholesterol, high-
density lipoprotein cholesterol, and creatinine levels were
determined using a Hitachi 747 autoanalyzer (Hitachi, Tokyo,
Japan).
Assessment of body fat composition
Body composition measurements, of total body fat mass

(kg), skeletal muscle mass (kg), waist-hip ratio (WHR), and
visceral fat area (VFA, cm2) were estimated using a multifre-
quency BIA (InBody 720, Biospace Co., Seoul, Korea) by two
trained examiners. The fat mass index was calculated as
follows: total body fat (kg)/height2 (m). The sum of muscle
mass of the four limbs was defined as appendicular skeletal
muscle mass (ASM).
Coronary artery calcium score
Assessment of the coronary arteries was measured using

64-slice multidetector computed tomography (Sensation 64;
Siemens, Erlangen, Germany) and recorded by two trained
technicians. Assessment of the coronary arteries has been
described in detail in a previous study.14 The presence of CAC
was defined by a CACS> 0 and was further subdivided into
0<CACS< 100 and CACS �100. Intermediate CACS was
defined as an Agatston score of 0 to 100. High CACS was
defined as an Agatston score �100.
Statistical analysis
Continuous variables are expressed as median and inter-

quartile range or mean � standard deviation and compared
using analysis of variance, followed by a post-hoc test using
the multiple comparison—Bonferroni method. Categorical
variables are presented as numbers and percentages and were
compared using the chi-square or Fisher exact test. Receiver
operating characteristic (ROC) curves were analyzed to assess
the cut-off point of WHR for the prediction of CAC. A logistic
regression analysis was conducted to determine independent
predictors associated with CAC. Variables with significant
associations in a univariate analysis (P< 0.05) were entered
into a multivariate analysis. Odds ratios (ORs) and 95%
confidence intervals (CIs) were also calculated. In univariate
analysis, we identified significant variables (P< 0.05), exam-
ined correlation and multicollinearity, and selected the final
variables in the clinical model. The clinical model included
age, triglycerides, fat mass index, ASM/height2, skeletal
muscle mass, visceral fat area, smoking, DM, hypertension,
and dyslipidemia. The Brier scores of this clinical model and
that with addition of WHR were also calculated. The Brier
score is a proper score function that measures the accuracy of
probabilistic predictions and the lower the Brier score means
that the better predictions are calibrated. We additionally
used absolute integrated discrimination improvement and
category-free net reclassification improvement to evaluate
improvements in risk prediction. A P value less than 0.05 was
considered statistically significant. All analyses were per-
formed using Statistical Analysis Software version 9.4
(SAS Institute, Cary, NC).
RESULTS

Baseline characteristics of the study population
The baseline patient characteristics are listed in Table 1.

Among the 582 postmenopausal women, the proportions of
intermediate CACS and high CACS were 18.4% and 8.4%,
respectively. Mean age, prevalence of DM, hypertension, and
dyslipidemia, level of HbA1C, and VFA increased signifi-
cantly with CAC severity. In addition, level of triglycerides
and WHR in participants with CAC (CACS> 0) were higher
than in participants with CACS of 0. The levels of total
cholesterol and low-density lipoprotein–cholesterol in inter-
mediate CACS were higher than in the other two groups.
Skeletal muscle mass in participants with CAC (CACS> 0)
was, however, lower than in participants with CACS of
0. When the participants were stratified into four groups
according to WHR, the proportion of participants with
CAC (CACS> 0) increased significantly as WHR quartile
increased (Fig. 1).
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TABLE 1. Baseline characteristics

CACS¼ 0 (n¼ 426) 0<CACS< 100 (n¼ 107) CACS� 100 (n¼ 49) P Post hoc

Age �60 194 (45.5) 79 (73.8) 43 (87.8) <0.001 0< 1,2
Mean age, y 59.8� 6.1 65.6� 7.7 67.1� 6.6

Body mass index, kg/m2 24.3� 3.4 24.9� 3.8 24.9� 3.4 0.145
Systolic blood pressure, mm Hg 123.1� 14.6 125.1� 16.2 126.8� 13.0 0.150
Smoking history, n (%) 21 (4.9) 5 (4.7) 5 (10.2) 0.282
Diabetes mellitus, n (%) 25 (5.9) 9 (8.4) 14 (28.6) <0.001
Hypertension, n (%) 98 (23.0) 55 (51.4) 28 (57.1) <0.001
Dyslipidemia, n (%) 55 (12.9) 21 (19.6) 17 (34.7) <0.001
HbA1C 5.8� 0.6 6.2� 0.8 6.4� 1.3 <0.001 0< 1,2
Creatinine, mg/dL 0.69� 0.11 0.69� 0.14 0.71� 0.11 0.394
Total cholesterol, mg/dL 207.6� 35.4 218.3� 52.2 198.4� 39.9 0.007 0,2< 1
Triglyceride, mg/dL 108.8� 57.6 131.4� 96.6 129.4� 66.7 0.002 0< 1
LDL-cholesterol, mg/dL 131.1� 32.2 137.0� 41.0 121.0� 36.8 0.025 2< 1
Total body fat, kg 21.1� 5.8 21.7� 7.3 21.4� 6.6 0.654
Skeletal muscle mass, kg 20.9� 2.5 20.1� 2.5 20.3� 3.2 0.014 1< 0
Fat mass index, kg/m2 8.6� 2.4 9.1� 3.1 9.0� 2.6 0.147
ASM/height2, kg/m2 6.3� 0.6 6.2� 0.7 6.3� 0.8 0.192
Waist-hip ratio 0.91� 0.05 0.94� 0.07 0.93� 0.06 <0.001 0< 1,2
First Q (WHR< 0.88) 108 (25.4) 16 (15.0) 6 (12.2)
Second Q (0.88�WHR< 0.91) 105 (24.6) 24 (22.4) 6 (12.2)
Third Q (0.91�WHR< 0.95) 111 (26.1) 23 (21.5) 15 (30.6)
Fourth Q (WHR� 0.95) 102 (23.9) 44 (41.1) 22 (44.9)
Visceral fat area, cm2 108.9� 23.6 116.6� 26.4 117.2� 29.2 0.003 0< 1

ASM, appendicular skeletal muscle; CACS, coronary artery calcium score; HbA1C, glycated hemoglobin; LDL, low-density lipoprotein; Q, quartile;
WHR, waist-hip ratio.

EUN ET AL
Predictive value of waist-hip ratio for coronary artery
calcification

ROC analysis demonstrated that WHR (area under the
ROC curve: 0.614: 95% CI: 0.573-0.654, P< 0.001) was a
significant predictor of CAC. The optimal cut-off value was
WHR> 0.94. At this value, sensitivity and specificity were
42.3% and 76.1%, respectively.

Predictors of coronary artery calcification
A multivariate analysis showed that older age (OR: 2.539;

95% CI: 1.524-4.230; P< 0.001), triglycerides (OR: 1.005;
FIG. 1. Prevalence of participants with coronary artery calcifi
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95% CI: 1.002-1.008; P¼ 0.003), WHR (OR: 1.103; 95% CI:
1.018-1.195; P¼ 0.017), and history of hypertension (OR:
2.701; 95% CI: 1.715-4.253; P< 0.001) were significantly
associated with CAC (Table 2).

Predictive performance of waist-hip ratio for the coronary
artery calcification prediction

The clinical model included age, triglycerides, fat mass
index, ASM/height2, skeletal muscle mass, VFA, smoking,
DM, hypertension, and dyslipidemia. The Brier score when
adding WHR to this clinical model was lower than that of the
cation (CACS> 0) according to quartile of waist-hip ratio.
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TABLE 2. Multivariate logistic analysis

Variables Odds ratio 95% CI P

Age (<60/�60) 2.539 1.524-4.230 <0.001
Triglyceride 1.005 1.002-1.008 0.003
Fat mass index, kg/m2 0.931 0.791-1.096 0.393
ASM/height2, kg/m2 0.877 0.400-1.925 0.744
Skeletal muscle mass, kg 0.912 0.757-1.100 0.335
WHR 1.103 1.018-1.195 0.017
Visceral fat area 0.986 0.967-1.005 0.155
Smoking 1.738 0.729-4.146 0.213
Diabetes mellitus 1.516 0.776-2.958 0.223
Hypertension 2.701 1.715-4.253 <0.001
Dyslipidemia 1.460 0.864-2.465 0.157

ASM, appendicular skeletal muscle; CI, confidence interval; WHR, waist-
hip ratio.

FIG. 2. Receiving operator characteristic curves of a clinical model and
of that model with addition of waist-hip ratio for coronary artery
calcification. WHR, waist-hip ratio.

WHR AND CORONARY ARTERY CALCIFICATION
clinical model without WHR (Table 3). Furthermore, the
prognostic performance when adding WHR to the clinical
model was better than that of the clinical model without WHR
(C index: 0.761, 95% CI: 0.724-0.795, P< 0.001; net reclas-
sification improvement: 0.195, P¼ 0.037; integrated discrim-
ination improvement: 1.02%, P¼ 0.043) (Table 3 and Fig. 2).

DISCUSSION
In this study, we evaluated the relationship between body

fat composition and coronary atherosclerosis in asymptomatic
postmenopausal women. Higher WHR showed an increased
prevalence for CAC, and WHR was significantly associated
with CAC. Adding WHR to a clinical model improved
prediction of CAC. To the best of our knowledge, this is
the first study to investigate the relationship between body fat
composition and CAC in postmenopausal women.

A relationship between body composition and CAC has
been reported in the general population.5,15 Yu et al5 investi-
gated the association between CACS and body composition in
healthy adults and showed that WHR was the most significant
predictor of CAC after adjusting for confounding factors.
Most of the female participants in their study were, however,
premenopausal, so the degree of CAC might have been very
low. As such, the association between WHR and CAC is not
traditionally clearly defined in postmenopausal women. Ko
et al15 conducted a cross-sectional study of 31,108 asymp-
tomatic adults to investigate whether muscle mass is related to
CAC, concluding that low muscle mass was associated with
prevalence of CAC. In our study, muscle mass in participants
with CAC (CACS> 0) was also lower than that in participants
with CACS of 0; however, this relationship was attenuated
after adjusting for confounding factors. Other studies have
shown sex differences in the association between visceral fat
TABLE 3. Net reclassification improvement analy

Brier score C index 95% CI

Clinical risk factor 0.164571 0.754 0.717-0.788
Clinical risk factor þ WHR 0.162414 0.761 0.724-0.795

Clinical risk factor: age, triglyceride, fat mass index, ASM/height2, skeletal mus
dyslipidemia.
ASM, appendicular skeletal muscle; CI, confidence interval; IDI, integrated disc
waist-hip ratio.
and calcified atherosclerosis.16 Ditomasso et al suggested that
visceral fat is significantly associated with arterial calcifica-
tion, including the abdominal aorta and coronary arteries in
men and women, and the effect of visceral fat may play a
greater role in onset of atherosclerosis in women than in men.

There is one study of note that reported on the relationship
between heart fat and CAC in women. El Khoudary et al10

assessed whether heart fat depots are significantly associated
with CAC in women and concluded that greater paracardial
adipose tissue volume is associated with CAC in postmeno-
pausal women compared with premenopausal women. This
previous study was, however, not based only on postmeno-
pausal women.

The mechanisms for the association between obesity and
coronary atherosclerosis remain unknown; however, estrogen
deficiency might be a common mediator of both diseases
among postmenopausal women. The estrogen receptor is
expressed in human subcutaneous and visceral adipose tissues
as well as endothelial and smooth muscle cells of blood
sis and integrated discrimination improvement

P NRI (category free) P IDI P

<0.001 Reference Reference
<0.001 0.195 (0.013-0.378) 0.037 1.02% 0.043

cle mass, visceral fat area, smoking, diabetes mellitus, hypertension,

rimination improvement; NRI, net reclassification improvement; WHR,
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vessels. Therefore, loss of estrogen during menopause is asso-
ciated with an increase in central fat and CVD risk.17-19 It is,
however, unknown whether menopause can affect risk factors
for CVD. Our results suggest that WHR is a significant
predictor of CAC. Moreover, adding WHR to the introduced
clinical model improved prediction of CAC.

The present study had several limitations. First, this cross-
sectional study was conducted at a single center, and the
findings cannot be used to determine causal relationships.
Second, our study was conducted on selective participants
undergoing coronary computed tomography angiography and
BIA, who visited the Health Promotion Center of our hospital.
Our study was, however, conducted in healthy postmeno-
pausal women without CVD. Third, the questionnaire had
limitations in knowing the surgical history; therefore, there is
a possibility that surgical menopause was included in our
study. Previous studies showed that surgical menopause
increased the risk of CVD.20,21 A population-based cohort
study, however, showed that there were no significant asso-
ciations between hysterectomy and CVD in women aged
50 or above, whereas hysterectomy was associated with an
increased risk of CVD in women younger than 50 years.22 The
average age of the participants in our study was over 50 years.
Therefore, surgical menopause would not have a significant
impact on our results. Fourth, the method used for measure-
ment of body composition analyses is not as reliable as dual x-
ray absorptiometry. The BIA method offers several advan-
tages including ease of use and portability. Finally, history
and duration of hormone therapy (HT) were not recorded in
postmenopausal women. HT is known to affect the associa-
tion between fat mass and coronary atherosclerosis.10 In spite
of these limitations, this study is meaningful in that it is the
first to investigate the association between body composition
and coronary atherosclerosis only in asymptomatic post-
menopausal women.

CONCLUSIONS
We found that WHR, as measured by BIA was associated

with CAC relative to other body composition parameters in
asymptomatic postmenopausal women. Moreover, adding
WHR to a clinical model improved prediction of coronary
atherosclerosis. This result suggests WHR as a better marker
of early atherosclerosis compared to other parameters that
assess obesity status. Further prospective large-scale studies
are warranted to clarify these associations.
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