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Adiposity assessed by anthropometric measures has a similar or
greater predictive ability than dual-energy X-ray absorptiometry
measures for abdominal aortic calcification in community-
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Abstract To determine whether adiposity assessed by
dual-energy X-ray absorptiometry (DXA) compared to
simple anthropometric assessments, are more predictive
of abdominal aortic calcification (AAC), a risk factor for
atherosclerosis. A cross-sectional study of 312 participants
(60.3% female) aged 70.6+5.6 years was conducted in
2010-2011. AAC was assessed by radiography. Adiposity
was estimated for whole body, trunk, android, gynoid and
visceral regions using DXA in addition to body mass index
(BMI), waist circumference (WC) and waist to hip ratio
(WHR). WHR [tertile 1 as reference, OR (95% CI) for
tertile 3: 3.62 (1.35-9.72)] and android to gynoid fat ratio
[tertile 3: 2.87 (1.03-8.01)] were independent predictors
of AAC severity among men. Positive associations with
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AAC severity were observed for WC [tertile 1 as refer-
ence, OR for tertile 3: 2.46 (1.12-5.41)], % trunk fat mass
[tertile 2: 3.26 (1.52-7.03)], % android fat mass [tertile 2:
2.42 (1.13-5.18), tertile 3: 2.20 (1.02—4.73)] and visceral
fat area [tertile 2: 2.28 (1.06-4.87), tertile 3: 2.32 (1.01-
5.34)] among women. Indices of total body composition,
BMI and % body fat mass were not associated with AAC
severity in either men or women. Simple anthropometric
measures, WHR and WC were the best predictors of AAC
severity in men and women respectively, although higher
android to gynoid fat ratio and central fat, assessed by
DXA, were also predictive of higher risks of AAC sever-
ity in men and women respectively. Our findings add to
existing evidence that relatively inexpensive and easily
obtained anthropometric measures can be clinically useful
indicators of atherosclerosis risk.

Keywords Body anthropometrics - Abdominal aortic
calcification - Dual-energy X-ray absorptiometry -
Radiography

Introduction

As a strong marker of atherosclerosis, vascular calcifica-
tion, especially abdominal aortic calcification (AAC), is an
independent predictor of cardiovascular disease (CVD) and
vascular morbidity and mortality [1]. Fat accumulation in
different body regions may play different roles in mediat-
ing cardiovascular and metabolic risk [2, 3]. An increas-
ing number of studies have investigated the associations of
anthropometric measures including body mass index (BMI),
waist circumference (WC) and waist to hip ratio (WHR)
with vascular calcification [4—6]. Some studies reported
that BMI, WC, and WHR were independent predictors of
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AAC [5, 7], whereas others did not find an association [6,
8]. Dual-energy X-ray absorptiometry (DXA) precisely
evaluates body composition in different regions includ-
ing android, gynoid, trunk and whole body [9]. Recently, a
newly developed method for precisely evaluating visceral
fat using DXA was demonstrated to have comparable reli-
ability to computed tomography (CT), with much lower
radiation effective doses and equipment costs [10]. Visceral
fat has been demonstrated to be a stronger predictor of car-
diovascular risk than traditional anthropometric measures
such as BMI and WC [11]. Prior studies examining the
association between visceral fat and AAC mostly used CT
to measure visceral fat [8, 12]. Trunk fat mass was demon-
strated to be a predictor of AAC in univariate models [6,
12], but not in multivariate models [8, 13]. Android adipos-
ity and android to gynoid fat ratio by DXA predict meta-
bolic and CVD risks [14, 15], but their associations with
AAC are unknown. Quantifying the association between fat
distribution assessed by DXA and AAC is of interest to test
the hypothesis that central fat deposits have a greater effect
on atherosclerosis in the abdominal aorta.

Whether the accurate measures of adipose tissue by DXA
are more closely related to AAC than simple anthropomet-
ric measures has important public health implications. We
aimed to evaluate whether adiposity measured by DXA was
a better predictor of AAC than that measured by anthropom-
etry among community-dwelling older adults by ranking
predictors in logistic regression.

Materials and methods
Study population

The present study was based on a subset of the Melbourne
Collaborative Cohort Study (MCCS) [16, 17] and the data
was collected in 2010-2011. Briefly, the MCCS is a pro-
spective cohort study including 41,514 participants at base-
line (1990-1994). The primary aim of the present sub study
was to evaluate the impact of low and high dietary calcium
intake on bone density, fractures, vascular events, and aor-
tic calcifications. A total of 956 subjects who resided close
to Western Hospital, were aged between 45 and 64 years
old (at baseline), were fluent in English and had calcium
intakes <500 mg/day or >1300 mg/day were approached to
participate in this sub-study. Four hundred and seven par-
ticipants were eligible for the study after screening; 353
completed DXA scans and 346 completed radiographs at
follow-up (2010-2011). Of the participants who completed
radiographs, 312 with readable radiographs were included
in our data analysis for the association between body com-
position and AAC severity. Informed consent was obtained
from all participants. The study protocol was approved by
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the Cancer Council Victoria and Melbourne Health Human
Research Ethics Committees.

Information including country of birth, marital status,
education level, employment status, and physical activity
were obtained. Physical activity was evaluated using the
Community Health Activities Model Program for Seniors
(CHAMPS) questionnaire for older adults [18]. CHAMPS
is a 41-item self-administered questionnaire that captures
usual weekly “amounts” and “intensities” of different types
of activity during the past 4 weeks in older adults. Accord-
ing to the assigned metabolic values for each specified
activity, energy expenditure per week from physical activity
was calculated [18].

Anthropometric measurements

Height, weight, waist and hip circumferences, as well as
blood pressure, were measured as per standard protocols
[19]. Weight was measured in light clothing without shoes
using an electronic digital scale to the nearest 50 g. Stand-
ing height was measured using a stadiometer to the nearest
0.1 cm. BMI was calculated as weight in kilograms divided
by the square of height in metres. Waist circumference was
measured to the nearest 0.1 cm using an inelastic plastic
fibre measuring tape. The measuring tape was placed at
the mid-point between the lowest floating rib and the top
of the iliac crest. Hip circumference was measured in the
same standing position with the measuring tape around the
maximum circumference of the buttocks. WHR was calcu-
lated as WC in centimetres divided by hip circumference
in centimetres. Resting blood pressure and heart rate were
measured for each participant in a seated position with the
level of the cuff at the level of the heart using an automatic
blood pressure monitor. Two readings of blood pressure
were measured separated by a 5 min interval.

Body composition was measured using a Hologic bone
densitometer (QDR 4500 W, Hologic Inc., Bedford, Massa-
chusetts), which uses a fan-beam based DXA. Participants
were asked to lie straight in a supine position on the scanner
table with their feet slightly internally rotated and held fixed
in that position using a tape throughout the duration of the
scan. Before commencing the scanning procedure, it was
ensured that no part of the body was outside the boundary
lines marked on the table top and hands were not beneath
the body. Based on the degree of attenuation caused by dif-
ferent mass and types of tissue when the fan-beam energy
passes through the body [20], scans obtained were analysed
to calculate fat mass and lean mass at arms, legs, android
and gynoid regions, trunk, and the whole body. We calcu-
lated % body fat mass as total fat mass divided by total
body mass; percentage fat mass in different regions includ-
ing % trunk fat mass, % gynoid fat mass, and % android fat
mass were calculated in the same way, i.e. mass of fat as
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a percentage of total mass for the region. By recognizing
the subcutaneous fat ring, inner abdominal muscle wall, and
visceral cavity, a model was used to estimate subcutaneous
fat in the abdominal region, and visceral fat area was cal-
culated by subtracting this estimate from the total abdomi-
nal fat area [10]. Visceral fat area has been considered as
a valuable marker for predicting CVD [21]. Daily quality
control tests were performed using a standardized phantom,
and longitudinal quality control data did not indicate any
significant shifts or drifts in scanner performance during the
period of the study.

Plasma lipid test

Fasting blood samples were obtained by the Melbourne
Pathology Collection Centre. Total cholesterol (TC), high-
density lipoprotein cholesterol (HDL-C), low-density lipo-
protein cholesterol (LDL-C), and triglycerides (TG) were
measured using an automatic biochemistry analyzer (Roche
Cobas 8000 modular analyzer Series C701).

Assessment of abdominal aortic calcification

AAC was assessed by using a semi-quantitative visually
based technique [22] with the use of lateral thoraco-lumbar
radiography. The score was assessed by BK and confirmed
by a trained radiologist (NK) who has worked in the Depart-
ment of Radiology of an Imaging Research Centre for many
years. If scores between assessors were inconsistent, a fur-
ther assessment by both assessors together was performed
to achieve agreement. The severity of calcific deposits in
anterior and posterior walls of the abdominal aorta ante-
rior to the first four lumbar vertebrac was scored from 0
to 3 (0=no calcification, 1=one-third or less of the aortic
wall in that vertebral segment was calcified, 2=between
one-third to two-thirds or less of the aortic wall was cal-
cified-2, or 3=more than two-thirds of the aortic wall was
calcified). The score of the eight segments were summed
as the AAC score (AACS range 0-24) [17]. Accordingly,
participants were categorized into groups as “no calcifica-
tion” (AACS =0), “moderate calcification” (AACS between
1 and 5) and “high calcification” (AACS >6) [23].

Statistical analysis

Continuous variables were expressed as mean+ SD and cat-
egorical variables were summarised as frequency (percent-
age). Ordinal logistic regression was used to evaluate the
associations between body composition measurement and
AAC severity (three categories as stated above set as 0, 1
and 2). Since there were significant interactions with gen-
der for % body fat mass (P value=0.004), % trunk fat mass
(P value=0.037), % android fat mass (P value=0.039) and

android to gynoid fat ratio (P value=0.0009), the analyses
were stratified by gender. P values for trend were calculated
for AAC severity across tertiles of body composition mea-
surements. We tested following models: (1) adjusted for
age; (2) adjusted for Model 1 plus smoking and physical
activity; (3) adjusted for Model 2 plus diastolic blood pres-
sure, systolic blood pressure, high-density lipoprotein cho-
lesterol and low-density lipoprotein cholesterol.

Adequacy and Akaike Information Criterion (AIC) sta-
tistical methods were used to rank predictors of AAC for
women and men separately to examine which of the adipos-
ity measures by anthropometry and DXA were more predic-
tive of AAC [24].

P values <0.05 by two tailed test were considered signifi-
cant. All statistical analyses were performed with the SAS
9.3 for Windows (SAS Institute Inc, Cary, NC).

Results
Fat distribution differences between men and women

Three hundred and twelve participants (124 men and 188
women) aged 70.6%5.6 years were included in the analysis.
Men had higher ratio of android to gynoid fat than women
(P<0.001). Higher android fat mass (P=0.02) but lower
gynoid fat mass (P<0.001) were found in men compared
with women (Table 1). The frequency distribution of AACS
by sex is shown in Fig. 1.

The associations between adiposity and AAC severity in
older men

Of the three anthropometric measures, only WHR was a sig-
nificant predictor of AAC severity among men after adjust-
ment for age, smoking, self-reported physical activity, blood
pressure, serum TG, HDL and LDL. Amongst DXA mea-
sures, a higher ratio of android to gynoid fat but not higher
percentages of whole body, trunk, android, and gynoid fat
mass or visceral fat area was associated with higher risk of
AAC severity in men (Table 2).

The associations between adiposity and AAC severity in
older women

Among women, BMI was positively associated with AAC
severity and the association was attenuated after adjustment
for confounders. WC, but not WHR, was also a significant
predictor of AAC severity after adjustment for confounders
in women. Percentage of android fat mass was positively
associated with AAC severity in women. Women in the
second tertile (between 35 and 40 %), but not third tertile
(between 41 and 54 %) of % trunk fat mass had higher risk
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Table 1 Characteristics of the

study population by gender
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Men (n=124) Women (n=188)
Age (years)® 70.6£5.5 70.6£5.7
Country of birth [n (%)]

Australia/New Zealand 109 (88) 179 (95)

Others 15 (12) 9(5)
Marital status [n (%)]

Unknown 6(5) 9(5)

Married 89 (72) 93 (49)

Other (single, divorced, de facto, widow or separated) 29 (23) 86 (46)
Education level [n (%)]

Unknown 5(4) 8(4)

Some high/technical school or less 36 (29) 80 (43)

Completed high school or some study towards a tertiary degree 54 (44) 48 (26)

Tertiary degree or above 29 (23) 52 (28)
Employment [n (%)]

Unknown 6(5) 8(4)

No 41 (33) 42 (22)

Yes 77 (62) 138 (73)
Physical activity (caloric expenditure/week)* 40883404 3568 +2883
Anthropometry?

Weight (kg) 83.8+£13.9 70.8+14.5

Height (cm) 172.2+6.6 159.3+5.9

BMI (kg/m?) 28.2+4.3 27.9+5.5

Waist circumference (cm) 98.2+14.6 90.1+12.7

Hip circumference (cm) 102.0+£10.0 102.6+11.8

Waist to hip ratio 1.0£0.1 0.9+0.1
Blood pressure and serum lipids®

Pulse rate (heartbeats/min) 73.9£13.2 74.9£10.2

SBP (mmHg) 138.6+18.6 136.6+17.3

DBP (mmHg) 76.9£10.3 77.0£9.9

Plasma TC (mmol/L) 4.8%1.0 5.5+1.1

Plasma TG (mmol/L) 1.4£0.7 1.2£0.6

Plasma HDL-C (mmol/L) 1.4+0.4 1.8£0.4

Plasma LDL-C (mmol/L) 2.8+£0.9 32+1.0
DXA body composition®

Visceral fat area (cm?) 166.5+66.3 125.1+61.6

Android fat mass (kg) 24+1.2 2.1£1.0

Android lean mass (kg) 4.7£0.9 3.5+£0.7

Android fat mass (%) 32.4+84 36.0£8.5

Gynoid fat mass (kg) 29+1.2 4414

Gynoid lean mass (kg) 9.0t14 6.6t1.1

Gynoid fat mass (%) 24.1+6.1 39.1+£5.6

Android to gynoid fat ratio 0.82£0.23 0.47£0.15

Trunk fat mass (kg) 13.0£5.2 12.9+4.8

Trunk lean mass (kg) 28.6+4.0 20.9£3.1

% Trunk fat mass 30.4£6.6 37.1£6.6

Body fat mass (kg) 24.6+9.0 28.5+9.3

Body lean mass (kg) 57.7£7.9 41.1+6.0

% Body fat mass 292159 40.1+£5.7
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Table 1 continued

Men (n=124) Women (n=188)

Prevalence of risk factors (self-reported)

Heart disease (%) 12 5

Stroke (%) 9

Diabetes (%) 11 6

Smoking (%) 40 26
AAC score [n (%)]

0 29 (24) 66 (35)

1-5 45 (36) 68 (36)

>6 50 (40) 54 (29)

DBP diastolic blood pressure, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein
cholesterol, SBP systolic blood pressure, TC total cholesterol, TG triglyceride

?Plus-minus values are means+ SDs

Fig. 1 Frequency distribution 66
of abdominal aortic calcification e
score by sex
60 +
> 404
c
)
=]
T
:h: 29
26 95
20 4
0
0 1-2

of AAC severity after adjustment for confounders than those
in the lowest tertile (<35 %). A significant positive associa-
tion between visceral fat area and AAC severity was also
observed among women after adjustment for confounders.
Android to gynoid fat ratio and % whole body fat mass were
not significantly associated with AAC severity after adjust-
ment for confounders in women (Table 3).

Ranking predictors in multivariate-adjusted logistic
regression model

For men, WHR, WC and android to gynoid fat ratio were
the top ranking predictors of AAC by both the Adequacy
and AIC statistic methods. WC was the measurement
most strongly associated with AAC for women and WHR,

[Sex: @ Women W Men |

30

3-4 5-6 7-8 9-10 13-14 15-16 17-19

11-12
Abdominal Aortic Calcification Score

visceral fat area and % android fat mass were ranked top
two to four by both methods (Table 4).

Discussion

In this study of community-dwelling older adults, indices
of total body composition, BMI and % body fat mass were
not independently associated with AAC severity in either
men or women. Simple anthropometric measures of body
fat distribution, WHR and WC were significant independent
predictors of AAC severity among men and women respec-
tively. A higher ratio of android to gynoid fat mass assessed
by DXA was associated with higher risk of AAC severity
among men. DXA measures, % android fat mass, % trunk
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Table 2 The association between body anthropometry and composition and AAC among older men

Tertile 1, Ref. Tertile 2, OR (95 % CI) Tertile 3, OR (95 % CI) P value
for trend

BMI

Model 1 1.00 1.34 (0.59-3.05) 2.20 (0.94-5.18) 0.070

Model 2 1.00 1.10 (0.47-2.60) 2.20 (0.92-5.28) 0.080

Model 3 1.00 0.99 (0.39-2.51) 1.58 (0.60-4.17) 0.36
Waist circumference

Model 1 1.00 1.31 (0.57-3.02) 1.66 (0.71-3.90) 0.24

Model 2 1.00 1.28 (0.53-3.09) 1.68 (0.70-4.07) 0.25

Model 3 1.00 1.11 (0.41-3.02) 1.27 (0.46-3.52) 0.64
Waist to hip ratio

Model 1 1.00 1.16 (0.49-2.70) 3.97 (1.62-9.74)° 0.002

Model 2 1.00 1.12 (0.47-2.70) 3.96 (1.55-10.08)" 0.004

Model 3 1.00 0.97 (0.38-2.52) 3.62 (1.35-9.72)° 0.010
% Body fat mass

Model 1 1.00 2.35(1.02-5.41)* 2.14 (0.94-4.90) 0.073

Model 2 1.00 2.44 (1.03-5.78)* 1.67 (0.71-3.92) 0.24

Model 3 1.00 1.92 (0.78-4.75) 1.43 (0.56-3.66) 0.42
% Trunk fat mass

Model 1 1.00 1.64 (0.72-3.74) 2.35(1.02-5.42)* 0.046

Model 2 1.00 1.53 (0.66-3.56) 1.70 (0.71-4.05) 0.23

Model 3 1.00 1.12 (0.45-2.74) 1.36 (0.52-3.55) 0.53
% Gynoid fat mass

Model 1 1.00 1.56 (0.68-3.57) 0.87 (0.39-1.95) 0.74

Model 2 1.00 1.46 (0.62-3.43) 0.73 (0.31-1.71) 0.51

Model 3 1.00 1.16 (0.47-2.90) 0.58 (0.23-1.46) 0.27
% Android fat mass

Model 1 1.00 1.33 (0.59-3.04) 1.84 (0.80-4.20) 0.15

Model 2 1.00 1.29 (0.55-3.05) 1.46 (0.61-3.47) 0.39

Model 3 1.00 1.03 (0.41-2.62) 1.13 (0.42-3.02) 0.81
Android to gynoid fat ratio

Model 1 1.00 1.89 (0.82-4.32) 3.06 (1.29-7.25)* 0.011

Model 2 1.00 2.41 (1.00-5.81)* 3.16 (1.30-7.68)* 0.011

Model 3 1.00 2.05 (0.82-5.14) 2.87 (1.03-8.01)* 0.041
Visceral fat area

Model 1 1.00 1.78 (0.77-4.10) 2.06 (0.89-4.76) 0.095

Model 2 1.00 1.95(0.81-4.67) 1.91 (0.79-4.57) 0.15

Model 3 1.00 1.73 (0.66-4.56) 1.34 (0.48-3.69) 0.58

ORs (95% Cls) and P values for trend were derived from ordinal logistic regression models. Model 1 adjusted for age; Model 2 adjusted for
Model 1 plus smoking and physical activity; Model 3 adjusted for Model 2 plus diastolic blood pressure, systolic blood pressure, high-density

lipoprotein cholesterol and low-density lipoprotein cholesterol

“Significantly different from Tertile 1, P values between 0.05 and 0.01

bSignificantly different from Tertile 1, P values < 0.01

fat mass and visceral fat area were positively associated
with the risk of AAC severity among women. Compared
with the DXA measures, simple anthropometry appeared to
be a similar or better measure for predicting AAC severity.
Central fat distribution assessed by WHR but not WC or
BMI was a significant predictor of AAC severity among men
with a mean age of 71 years in our study. Although BMI was
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an independent predictor of coronary artery calcification in
middle-aged men (40—49 years), BMI and total fat mass
were not associated with aortic calcification severity in
elderly men with a mean age of 59 years [6]. As an index of
total body composition, BMI might not be a good marker of
AAC severity in the elderly [25], given that BMI has limited
ability to assess regional fat distribution or muscle tissue.
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Table 3 The association between body anthropometry and composition and AAC among older women

Tertile 1, Ref. Tertile 2, OR (95 % CI) Tertile 3, OR (95 % CI) P value
for trend

BMI

Model 1 1.00 1.89(0.97-3.71) 2.44 (1.24-4.81)* 0.011

Model 2 1.00 2.20 (1.09-4.42)* 2.78 (1.37-5.68)* 0.005

Model 3 1.00 1.39 (0.64-2.98) 2.08 (0.93-4.62) 0.072
Waist circumference

Model 1 1.00 1.38 (0.70-2.73) 1.99 (1.01-3.94)* 0.047

Model 2 1.00 1.56 (0.76-3.17) 2.36 (1.17-4.80)* 0.017

Model 3 1.00 1.44 (0.68-3.06) 2.46 (1.12-5.41)* 0.024
Waist to hip ratio

Model 1 1.00 1.21 (0.61-2.40) 1.91 (0.97-3.77) 0.061

Model 2 1.00 1.25 (0.62-2.52) 1.82 (0.90-3.68) 0.097

Model 3 1.00 1.34 (0.64-2.81) 2.05 (0.964.41) 0.063
% Body fat mass

Model 1 1.00 1.87 (0.96-3.67) 2.11 (1.08-4.12)* 0.032

Model 2 1.00 2.13 (1.07-4.27)* 2.16 (1.09-4.30)* 0.032

Model 3 1.00 1.67 (0.80-3.49) 1.99 (0.95-4.19) 0.073
% Trunk fat mass

Model 1 1.00 3.54 (1.78-7.07)° 2.14 (1.09-4.21)* 0.043

Model 2 1.00 4.24 (2.05-8.75)" 2.35 (1.17-4.72)* 0.033

Model 3 1.00 3.26 (1.52-7.03)* 2.06 (0.98-4.35) 0.096
% Gynoid fat mass

Model 1 1.00 1.53 (0.79-2.99) 1.09 (0.56-2.11) 0.82

Model 2 1.00 1.55(0.78-3.05) 1.14 (0.58-2.26) 0.72

Model 3 1.00 1.65(0.79-3.42) 1.24 (0.60-2.58) 0.58
% Android fat mass

Model 1 1.00 2.99 (1.50-5.96)* 2.63 (1.33-5.22)* 0.009

Model 2 1.00 2.62 (1.29-5.32)* 2.54 (1.28-5.08)* 0.011

Model 3 1.00 2.42 (1.13-5.18)* 2.20 (1.02-4.73)* 0.056
Android to gynoid fat ratio

Model 1 1.00 2.11 (1.074.17)* 2.35(1.19-4.64) 0.016

Model 2 1.00 1.99 (0.99-4.01) 2.25 (1.12-4.50)* 0.025

Model 3 1.00 1.66 (0.79-3.53) 1.77 (0.82-3.83) 0.16
Visceral fat area

Model 1 1.00 2.23 (1.13-4.40)* 2.52 (1.28-4.98)* 0.009

Model 2 1.00 2.49 (1.23-5.03)* 2.85 (1.41-5.76)* 0.005

Model 3 1.00 2.28 (1.06-4.87)* 2.32 (1.01-5.34)* 0.053

ORs (95% Cls) and P values for trend were derived from ordinal logistic regression models. Model 1 adjusted for age; Model 2 adjusted for
Model 1 plus smoking and physical activity; Model 3 adjusted for Model 2 plus diastolic blood pressure, systolic blood pressure, high-density

lipoprotein cholesterol and low-density lipoprotein cholesterol

#Significantly different from Tertile 1, P values between 0.05 and 0.01

bSignificantly different from Tertile 1, P values < 0.01

WHR was previously shown to be positively associated

of adiposity, we found only android to gynoid fat ratio was

with coronary artery calcification, but sex-specific asso-  an independent predictor of AAC severity in men. Walton
ciations were not examined [4]. One study examined the et al. evaluated the relationship between android to gynoid
association of the inflammatory marker, C-reactive protein  fat ratio and CVD risks and reported a positive association
with BMI, WC and WHR, and found the strongest correla- with TG and an inverse association with HDL-C in men
tion for men was for WHR [26]. Amongst DXA measures  [27]. Our findings and the literature reviewed here suggest
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Table 4 Predictor ranks by ranking metric in multivariate-adjusted logistic regression model in older men and women

Predictor Men Women

Adequacy AIC Adequacy AIC

Value Rank Value Rank Value Rank Value Rank
BMI 0.0592 4 239.68 5 0.0524 8 358.48 6
wC 0.1530 2 235.07 2 0.2489 1 344.18 1
WHR 0.2340 1 230.11 1 0.2469 2 345.71 2
% Whole body fat mass 0.0368 6 240.00 6 0.0738 6 358.60 7
% Trunk fat mass 0.0422 5 240.21 8 0.0511 9 359.17 8
Visceral fat area 0.0224 8 240.20 7 0.1288 3 356.08 3
% Android body fat mass 0.0239 7 240.35 9 0.1158 4 356.14 4
% Gynoid fat mass 0.0048 9 239.12 4 0.0629 7 359.54 9
Android to gynoid fat ratio 0.0668 3 237.23 3 0.1042 5 358.11 5

Greater value of adequacy indicates a better predictor of AAC severity; smaller value of AIC indicates a better predictor of AAC severity.
The multivariate model adjusted for age, smoking, physical activity, diastolic blood pressure, systolic blood pressure, high-density lipoprotein

cholesterol and low-density lipoprotein cholesterol

AIC Akaike Information Criterion, BMI body mass index, WC waist circumference, WHR waist to hip ratio

that for men, ratios that assess central adiposity relative to
lower body adiposity were the most closely associated with
arange of CVD risk factors.

For women, we found central fat distribution assessed by
WC was a significant predictor of AAC severity and posi-
tive associations with AAC severity were also seen for DXA
measures including % trunk fat mass, % android fat mass
and visceral fat area. Compared with BMI, WC has previ-
ously been shown to be more strongly associated with coro-
nary atherosclerosis independent of traditional CVD risk
factors [28]. In comparison with BMI, the greater ability of
WC to predict CVD health risks may be attributed to its
stronger prediction of abdominal fat [29]. In a prospective
study of 316 women aged 50-76 years followed up over
7.7 years, baseline trunk fat mass including both the subcu-
taneous and the visceral fat of this region was not indepen-
dently correlated with the progression of aortic calcification
[30]. Absolute trunk fat mass might not be a good marker of
CVD risk because of its dependence on body size (height) of
individuals as seen in our study (data not shown). Although,
data on the associations of % android fat mass with vascular
calcification are limited, evidence from previous studies is
supportive of our findings, indicating a positive association
between absolute android fat mass and metabolic risks [14,
15]. Few data exist evaluating the association between vis-
ceral fat area assessed by the newly developed DXA method
and AAC severity in women. However, consistent with our
observation, a previous cross-sectional study of 1160 par-
ticipants which used electron beam CT to evaluate AAC
and visceral fat [12] reported that visceral fat volume was
positively associated with AAC only in women [OR (95%
CI) for third tertile vs. first tertile: 1.90 (1.09-3.22)]. In
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contrast to the findings in men, for women the associations
with AAC appeared to be stronger for measures of central
adiposity that did not include a measure of lower body fat.
When comparing different measures of adiposity, WHR
and WC were the strongest predictors of AAC severity in
men and women respectively. A limitation of the adequacy
method for ranking predictors in logistic regression models
is that the adequacy value can be large, even if the predic-
tor is weakly associated with the outcome [24]. However,
WC, WHR, visceral fat area and % android fat mass were
ranked the top four predictors of AAC by both the Adequacy
and AIC methods inwomen, corresponding to the results in
Table 3 that showed WC, visceral fat area and % android
fat mass were significantly and WHR was marginally asso-
ciated with AAC severity. For men, WHR and android to
gynoid fat ratio that were positively associated with AAC
severity in multivariate-adjusted models were ranked the top
one and three predictors of AAC severity by both methods.
Our findings suggested that the Adequacy and AIC methods
might be effective in ranking predictors of AAC severity.
We found that a higher ratio of central fat to lower body
fat was associated with increased risk of AAC severity in
men whereas central fat was a significant predictor of AAC
severity in women. Consistent with previous studies [31],
android obesity was more common in men while women
tended to demonstrate gynoid obesity in our study. The sex-
ual dimorphism of fat distribution pattern may be an expla-
nation for why risk factors for AAC severity in men differ
from those in women. In addition, sex differences in hor-
mones such as testosterone and oestrogen may contribute to
the sex differences in the association between fat distribu-
tion pattern and AAC, due to the fact that these hormones
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are associated with both adiposity and chronic disease [32].
Meanwhile, metabolic risk factors including dyslipidemia,
elevated blood pressure and elevated glucose could have an
impact on the associations between body fat distribution and
atherosclerotic CVD [33] and these effects in men might
differ from women [34]. Therefore, metabolic risk factors
may be a mediator for the gender specific differences in the
association between adiposity and AAC severity.

The limitations of our study include that it is a cross-
sectional study and does not allow for inference of a causal
relationship. In addition, non-English speaking participants
were excluded, so our results cannot be generalized to the
whole population. Finally, the exclusion of participants with
calcium intake between 500 and 1300 mg/day might also
influence our results, even though further adjustment for
calcium intake in the multi-variate model did not modify
the association between body composition and AAC (data
not shown).

Conclusion

Our findings are consistent with the hypothesis that excess
fat in the abdominal region is associated with increased risk
of CVD in comparison with gynoid obesity where excess fat
is stored in hip and buttock areas [35, 36]. Simple anthro-
pometric measures, WHR and WC were the best predictors
of AAC severity in men and women respectively, although
higher android to gynoid fat ratio and central fat, assessed
by DXA, were also predictive of higher AAC score in men
and women respectively. Central fat relative to lower body
fat appears to be more relevant in men while total central fat
may be more important for women in predicting AAC. Our
findings add to existing evidence that relatively inexpensive
and easily obtained anthropometric measures can be clini-
cally useful indicators of atherosclerosis risk.
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