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ABSTRACT
Background. We aimed to identify the most suited

anthropometric measure for the prediction of risk for incident
coronary heart disease (CHD) among the Turkish population.

Methods. We collected data on body mass index, waist
circumference (WC), hip circumference, waist-to-hip ratio
(WHR), waist-to-height ratio (WHtR) and a body shape
index. We analysed these using both C-statistics and Cox
regression models adjusted for age, systolic blood pressure,
glucose and high-density lipoprotein (HDL)-cholesterol for
assessing risk of incident CHD among 3203 Turkish Adult
Risk Factor (TARF) study participants (mean [SD] age 48.5
[11] years).

Results. Over a mean follow-up of 9.93 years, new CHD
developed in 573 individuals. Multi-adjusted C-statistics
were highest for WHtR followed by WC, in both sexes. Except
WHR, all measures were significantly associated with incident
CHD in combined sexes in the full model. There was a sex
difference, however, in the mediation of the three risk factors
for adiposity; these attenuated hazard ratios (HRs) in males,
whereas in females, significant prediction of incident CHD
persisted for each measure. WC (HR 1.36 [95% CI 1.13;
1.64]), followed by WHtR (HR 1.24 [95% CI 1.10;
1.40]), were in combined sex, as in females, the most
informative surrogates of adiposity. Hip circumference did
not protect, but rather conferred modest CHD risk, especially
in females, rendering a low utility of predictive value for
WHR. The CHD risk curve did not have a J shape.

Conclusions. WC is the most suitable of five adiposity
surrogates for CHD risk among Turkish adults, while in
males, unmediated adiposity risk was similarly identified by
WHtR. Retention of the large part of CHD risk in females
perhaps reflects the underlying autoimmune activation.
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INTRODUCTION
Waist circumference (WC) and waist-to-hip ratio (WHR) are
recognized as better indicators of abdominal obesity than body
mass index (BMI) as they have a stronger correlation with intra-
abdominal fat content and cardiometabolic risk factors.1–4 Waist-
to-height ratio (WHtR), investigated in fewer studies,1,2,4–6 also
appears to be better than BMI. Despite this, BMI is the most
commonly used measure of body fat worldwide.7

In the Nurses’ Health study, the WHtR was comparable to
WC and WHR, but superior to BMI, for the prediction of the
incidence of coronary artery disease (CHD) among over 45 000
middle-aged females predominantly of Caucasian origin.5 It has
been established that measures of abdominal adiposity are
predictive of CHD independent of BMI in females.8 A meta-
analysis of over 300 000 individuals has indicated that WHtR
may be superior in predicting cardiometabolic risk.4 Compared
with BMI, WC improved the discrimination of adverse outcomes
by 3% and WHtR improved by 4%–5%. Within-study difference
in area under the curve (AUC) showed WHtR to be significantly
better than WC for diabetes, hypertension, cardiovascular
disease (CVD) and all outcomes in males and females.

In the PRIME study among 10 600 middle-aged French and
Irish males, WHtR identified CHD risk more strongly than WC,
WHR or BMI, though the difference was marginal.9 In 24 508
middle-aged males and females of the EPIC-Norfolk cohort,
followed up over 9.1 years, the indices of abdominal obesity
(WHR and WC) had stronger predictive value for incident CHD
risk than BMI, especially in females. Hazard ratios (HRs) for hip
circumference (HC) increment were significant.10

Turkish adults have the following distinctive features.
Metabolic syndrome (MetS) is common in both sexes11 and is
rising, as is type-2 diabetes,12 both conditions being associated
with obesity. Low-grade inflammation is more pronounced in
females than males.13

In search of a more appropriate measure between BMI and
WC for the prediction of CHD risk, the Turkish Adult Risk Factor
(TARF) study reported in 2007 that the risk for CHD indepen-
dently imparted by a higher WC in males was essentially
mediated by the associated atherogenic dyslipidaemia and
elevated blood pressure (BP).14 In females, multi-adjusted
relative risks for dyslipidaemia, elevated BP, MetS and CHD
rose sharply and asymptomatically from WC >83 cm.15 However,
head-to-head comparison of various adiposity indicators in
relation to incident CHD risk over a relatively long period of
follow-up (nearly 600 new CHD cases) has not been done
among the Turkish population.

We therefore investigated six anthropometric measures in
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relation to incident CHD risk among Turkish adults to identify
the most appropriate measure for both sexes. We also studied
the adiposity–CHD risk association in 3203 participants over a
mean follow-up period of 9.93 years.

METHODS
Study sample
The TARF study is a prospective cohort study on the prevalence
of cardiac disease and risk factors in adults in Turkey carried out
biennially since 1990 in 59 communities scattered in all the
geographical regions of the country.16 It comprises a random
sample of the Turkish adult population, representatively
stratified for sex, age, geographical regions and for rural–urban
distribution. New random recruitment forming 15% of the study
sample was done in 2002–03 and 2007–08. The survey conducted
in 1997–98 was selected as baseline because high-density
lipoprotein (HDL)-cholesterol and WC were done first at that
time. Our study sample did not include individuals who had
CHD at baseline (n=182) or had died prior to the baseline (n=26),
and 616 participants with a follow-up of <2 years. Participants
numbering 3203 composed the cohort of the current study. The
study was approved by the ethics committee of the Medical
Faculty of Istanbul University. Written informed consent for
participation was obtained from all participants. Data were
obtained by using a questionnaire for the past years, physical
examination of the cardiovascular system, sampling of blood
and recording a resting 12-lead electrocardiogram.

Measurement of risk factors
BP was measured with an aneroid sphygmomanometer (Erka,
Bad Tölz, Germany) in the sitting position on the right arm, and
the mean of two recordings 5 minutes apart was recorded.
Height was measured without shoes using a measuring stick
and weight was measured without shoes in light indoor clothes
using a scale. WC was measured at the level midway between
the lower rib margin and the iliac crest. We measured HC, which
is the widest diameter on the hip, using the trochanter majors
as the reference point. Physical activity was graded by the
participant himself/herself into four categories of increasing
order with the aid of a scheme.16 Cigarette smoking status was
categorized into never, former and current smokers. Anyone
who reported the use of alcoholic beverages once a week or
more was considered as an alcohol user.

Blood samples were collected, spun at 1000 g, shipped to
Istanbul and stored at –75 °C, until analysed within weeks.
Serum concentrations of glucose, total cholesterol, fasting
triglycerides, low-density lipoprotein (LDL)-cholesterol and
HDL-cholesterol were determined using the Cobas 500
autoanalyser (Roche Diagnostic GmbH, Germany).

Definitions
Five obesity indicators were selected to predict CHD risk: BMI,
WC, HC, WHR, WHtR and a body shape index (ABSI).17

Diagnosis of CHD was based on the presence of angina
pectoris, of a history of myocardial infarction with or without
accompanying Minnesota codes of the electrocardiogram
(ECG)17 or a history of myocardial revascularization. Typical
angina and, in females, age >45 years were a prerequisite for a
diagnosis when angina was isolated. ECG changes of ‘ischaemic
type’ of greater than minor degree (Codes 1.1–2, 4.1–2, 5.1–2
and 7.1) were considered as myocardial infarct sequelae or

myocardial ischaemia. A fatal coronary event comprised death
from heart failure of coronary origin.

Data analysis
Descriptive parameters are reported as mean (SD) or in
percentages. For variables with skewed distribution, values
derived from log-transformed (geometric) means were used. In
variables with skewed distribution, Mann–Whitney U-test was
applied. Two-sided t-tests and Pearson’s Chi-square tests were
used to analyse the differences between means and proportions
of two groups. Cut-offs for quintile 4 in males/females, respec-
tively, were as follows: WC 98.8–103.0/94.0–102.0 cm; BMI
27.7–30.0/30.2–33.7 kg/m2; and WHtR 0.575–0.611/0.606–0.658.
Analyses for area under AROC were performed, both unadjusted
and adjusted for four major cardiovascular risk factors, for
predicting incident CHD in each sex using Cox regression.

Cox proportional hazard regression analyses of the
anthropometric measures for CHD risk were performed in models
that adjusted for age and further for mediating factors (systolic
BP [SBP], HDL-cholesterol and glycaemia). The hazard ratios
(HRs) for CHD risk were estimated and expressed each in terms
of 1-SD increment. This applied to the log-transformed SDs of
7.6%/9.4% for WHR and 12.0%/15.5% for WtHR in males/
females, respectively. Residual adiposity risk was estimated as
percentage of excess risk mediated by the three risk factors
deducted from the excess risk of the adiposity measure. A value
of p<0.05 on two-tailed test was considered statistically
significant. Statistical analyses were performed using SPSS-10
for Windows.

RESULTS
Females made up 1636 of 3203 (51.1%) participants of the study.
The mean (SD) age of males and females was 48.7 (11) years and
48.3 (11) years, respectively. The mean (SD) follow-up was 9.86
(4.7) years in males and 9.99 (4.6) years in females. CHD
incidence (in 573 cases) was 19.6 per 1000 person-years in males
and 19.7 per 1000 person-years in females.

Males and females who developed CHD were 6.1 and 6.6
years, respectively, older and were roughly 2 cm shorter in
height and had 11.3/5 and 16/6.4 mmHg higher BP (Table I). All
the reported biomarkers were significantly different among
females with the exception of serum HDL-cholesterol and
fasting glucose in males. Smoking habit and the prevalence of
alcohol use were similarly distributed in the two groups in each
sex, and low physical activity was significantly higher among
males who developed incident CHD, but not in females.

Of the six anthropometric measures, all, including the HC,
were significantly wider among those who subsequently
developed CHD in each sex. The difference of WC was 3.6 cm
and 4.3 cm and of WHtR was 0.029 and 0.047 in males and
females, respectively.

Comparison of the adiposity indicators by C-statistics
Crude area under ROC was significant for all six surrogates in
each sex, being highest among males in WHtR (0.625; 95% CI
0.589–0.661) followed by WC (0.600; 95% CI 0.563–0.636). In
females too this was apparent with WHtR (0.652; 95% CI 0.619–
0.685) and WC (0.647; 95% CI 0.614–0.680). Multivariable-
adjusted area under ROC disclosed attenuation for the
anthropometric measures so that mild significance was retained
in males for WHtR only and in females for WC, WHtR and BMI.
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TABLE I. Baseline factors of 3203 participants of whom 573 developed new coronary heart disease (CHD)
Factor Males Females

CHD (n=278) No CHD (n=1289) p value CHD (n=295) No CHD (n=1341) p value

Age (years) 53.7 (11.9) 47.6 (11.7) <0.001 53.7 (10.5) 47.1 (11.6) <0.001
Weight (kg) 78.1 (12.7) 76.6 (12.4) 0.061 74.8 (12.9) 70.5 (12.9) <0.001
Height (cm) 167.9 (6.4) 169.9 (6.5) <0.001 155.1 (6.3) 156.4 (6.5) 0 .001
Systolic BP (mmHg) 136.0 (24.4) 124.7 (20.4) <0.001 146.0 (28.8) 130.1 (23.9) <0.001
Diastolic BP (mmHg) 84.9 (14.3) 79.8 (12.3) <0.001 88.3 (15.6) 82.0 (13.4) <0.001
Total cholesterol (mg/dl) 194.1 (41.9) 181.1 (35.8) <0.001 204.5 (41.2) 188.0 (38.2) <0.001
HDL-cholesterol (mg/dl) 37.1 (11.0) 37.5 (11.5) 0.807* 43.3 (11.3) 45.0 (12.9) 0.037*
LDL-cholesterol (mg/dl) 119.1 (36.5) 112.8 (30.9) 0.005* 126.7 (33.9) 117.7 (33.5) <0.001*
Triglycerides (mg/dl) 182.4 (110.7) 159.8 (100.8) <0.001* 168.3 (101.71) 135.6 (81.5) <0.001*
Glucose (mg/dl) 107.4 (46.9) 99.7 (27.4) 0.194* 110.8 (47.81) 99.9 (23.9) 0.004*
Body mass index (kg/m2) 27.6 (4.1) 26.5 (3.8) <0.001 31.2 (5.58) 28.9 (5.4) <0.001
Waist-to-hip ratio† 0.946×1.072 0.929×1.076 <0.001 0.865×1.084 0.838×1.097 <0 .001
Waist-to-height ratio† 0.577×1.122 0.548×1.12 <0.001 0.617×1.14 0.570×1.161 <0 .001
Hip circumference (cm) 102.4 (8.3) 100.3 (7.6) <0.001 111.1 (11.5) 106.8 (10.6) <0.001
Waist circumference (cm) 97.2 (11.2) 93.6 (10.8) <0.001 96.1 (11.6) 89.8 (12.6) <0.001
A body shape index 0.0822 (0.0047) 0.0810 (0.0047) <0.001 0.0784 (0.0064) 0.0767 (0.0065) <0.001
Smoker
Never, n (%) 64 (23.5) 340 (26.5) 0.30 233 (79.5) 1032 (77) 0 . 6 2
Former, n (%) 68 (25) 270 (21) 12 (4.1) 56 (4.2)
Current, n (%) 140 (51.5) 673 (52.5) 48 (16.4) 252 (18.8)
Alcohol
Non-user, n (%) 225 (81.2) 1052 (82.1) 0.73 290 (99) 1320 (99) 0 . 9 7
User, n (%) 52 (18.8) 229 (17.9) 3 (1) 14 (%1)
Physical activity
Low, n (%) 162 (58.3) 617 (48.1) 0.002 226 (76.9) 996 (74.8) 0 . 4 6
High, n (%) 116 (41.7) 667 (51.9) 68 (23.1) 335 (25.2)
Diabetes
No, n (%) 195 (78.9) 1094 (88.4) <0.001 200 (79.4) 1152 (89.9) <0.001
Yes, n (%) 52 (21.1) 144 (11.6) 52 (20.6) 129 (10.1)
Metabolic syndrome
No, n (%) 115 (41.4) 729 (56.6) <0.001 80 (27.1) 699 (52.1) <0.001
Yes, n (%) 163 (58.6) 560 (43.4) 215 (72.9) 642 (47.9)
All values are mean (SD) unless mentioned  * Mann–Whitney U-test  † Log-transformed  BP blood pressure  HDL high-density lipoprotein
LDL low-density lipoprotein

TABLE II. Unadjusted and adjusted area under receiver operating curve (ROC) data for coronary disease risk
for six anthropometric measures

Measure Area under ROC curve (95% CI)

Males p value Females p value

Waist-to-height ratio 0.625 (0.589–0.661) <0.001 0.652 (0.619–0.685) <0.001
Waist circumference 0.600 (0.563–0.636) 0.647 (0.614–0.680)
Body mass index 0.580 (0.542–0.617) 0.619 (0.584–0.654)
Hip circumference 0.573 (0.536–0.609) 0.609 (0.573–0.644)
Waist-to-hip ratio 0.572 (0.535–0.608) 0.607 (0.573–0.640)
A body shape index 0.582 (0.545–0.619) 0.587 (0.550–0.622)

Area under ROC curve (95% CI) adjusted for age, systolic blood pressure,
high-density lipoprotein-cholesterol and fasting glucose level

Males p value Females p value

Waist-to-height ratio 0.551 (0.511–0.590) 0.008 0.558 (0.519–0.597) 0.29
Waist circumference 0.530 (0.491–0.567) 0.554 (0.514–0.593)
Body mass index 0.526 (0.486–0.565) 0.552 (0.512–0.592)
Hip circumference 0.521 (0.482–0.560) 0.538 (0.498–0.578)
Waist-to-hip ratio 0.511 (0.472–0.550) 0.540 (0.499–0.580)
A body shape index 0.525 (0.484–0.566) 0.518 (0.478–0.559)
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Cox regression analyses
Four models were tested, using Cox regression analyses for the
association of anthropometric measures with subsequent
incident CHD (Table III), each adjusted for age (Model 1),
further for SBP and glucose (Model 2), additionally for HDL-
cholesterol (Model 3) and further for LDL-cholesterol and
physical activity (Model 4). WC, BMI and WHtR were
significantly associated with incident CHD in both sexes in the
full model. However, a sex difference was apparent as in males
all adiposity measures that were significantly associated in the
age-adjusted model attenuated in the full model except for
WHtR in Model 2. In contrast, in females, significant prediction
of incident CHD persisted for WC, BMI and WHtR in the full
model as well and also borderline significance relative to HC and
WHR in the full model. WC (HR 1.46; 95% CI 1.16–1.82),
followed by WHtR (HR 1.24; 95% CI 1.06–1.44]), was the most
informative surrogate of adiposity.

Seeking a non-linear relationship
HRs of age-adjusted CHD risk were sought also in quintiles of
anthropometric measures to possibly detect a J-shaped
relationship (Fig. 1 and Table IV). Linearity was evidenced by
significant p trends in all measures in both sexes except for ABSI
and WHR in men (p=0.064). An inverted U-shaped CHD risk
curve was detected only in ABSI of females, although BMI
quintile 4 showed a clear dip compared to Q3 and Q5. Increasing
hip categories revealed rising HRs in each sex. Finally, WC and
WHtR distinctly reflected the best increasing HRs, where WC
was slightly superior in females and WHtR was so in males.

TABLE III. Anthropometric measures in predicting incident coronary heart disease in males and females using
Cox regression analysis

Anthropometric measure Model* Hazard ratio (95% confidence intervals)

Total Males Females

Waist circumference 1 1.763 (1.50–2.07) 1.779 (1.33–2.38) 1.771 (1.46–2.16)
2 1.391 (1.16–1.67) 1.197 (0.86–1.67) 1.506 (1.21–1.88)
3 1.358 (1.13–1.64) 1.156 (0.83–1.62) 1.475 (1.19–1.84)
4 1.308 (1.09–1.57) 1.158 (0.82–1.64) 1.455 (1.16–1.82)

Hip circumference 1 1.253 (1.15–1.36) 1.255 (1.09–1.45) 1.254 (1.13–1.39)
2 1.112 (1.015–1.22) 1.076 (0.92–1.26) 1.133 (1.02–1.27)
3 1.100 (1.004–1.21) 1.055 (0.90–1.24) 1.126 (1.01–1.26)
4 1.083 (0.99–1.18) 1.060 (0.90–1.25) 1.119 (0.999–1.25)

Body mass index 1 1.328 (1.22–1.44) 1.334 (1.15–1.54) 1.331 (1.21–1.47)
2 1.179 (1.08–1.29) 1.094 (0.93–1.29) 1.227 (1.10–1.37)
3 1.165 (1.06–1.28) 1.075 (0.91–1.27) 1.215 (1.09–1.36)
4 1.144 (1.04–1.25) 1.076 (0.90–1.28) 1.206 (1.08–1.35)

A body score index 1 1.004 (0.975–1.034) 1.113 (0.986–1.26) 0.985 (0.87–1.11)
2 1.024 (0.993–1.055) 1.093 (0.96–1.24) 0.998 (0.88–1.13)
3 1.010 (0.979–1.043) 1.088 (0.97–1.24) 1.004 (0.88–1.14)
4 1.013 (0.979–1.049) 1.091 (0.96–1.24) 0.998 (0.87–1.12)

Waist-to-hip ratio 1 1.165 (1.07–1.27) 1.186 (1.05–1.34) 1.155 (1.03–1.30)
2 1.100 (1.01–1.20) 1.038 (0.94–1.21) 1.142 (1.01–1.29)
3 1.094 (1.002–1.19) 1.060 (0.93–1.21) 1.139 (1.01–1.29)
4 1.100 (0.988–1.22) 1.084 (0.89–1.31) 1.134 (0.97–1.33)

Waist-to-height ratio 1 1.353 (1.24–1.48) 1.331 (1.17–1.51) 1.386 (1.22–1.58)
2 1.200 (1.09–1.32) 1.153 (1.002–1.33) 1.260 (1.10–1.45)
3 1.189 (1.08–1.31) 1.139 (0.99–1.31) 1.255 (1.09–1.44)
4 1.207 (1.07–1.36) 1.218 (0.98–1.51) 1.239 (1.06–1.44)

Model 1: Age-adjusted  Model 2: Model 1+adjusted for SBP and glucose  Model 3: Model 2+adjusted for HDL-cholesterol
Model 4: Model 3+adjusted for LDL-cholesterol and physical activity

DISCUSSION
Our longitudinal study investigating the most appropriate
adiposity indicator in predicting incident CHD risk among 3203
middle-aged and elderly adults showed that: (i) WC and WHtR
were most suitable among six surrogates of adiposity including
BMI; (ii) risk inherent to anthropometric measures was mediated
differently depending on sex such that a greater extent of risk
effect was mediated by conventional risk factors (SBP, glycaemia
and HDL-cholesterol) in males regarding WC, thus rendering
WHtR an equivalent indicator to WC in them; (iii) HC was not
protective against CHD risk, but rather conferred modest risk,
especially in females, rendering a lower utility of predictive
value for WHR; (iv) age-adjusted ABSI was only a borderline
surrogate in males and the least informative one in females,
showing a non-linear relation; and (v) the CHD risk curves
disclosed an inverted U shape for ABSI in females alone.

Best surrogates for risk of CHD
WC was the best indicator of absolute CHD risk insofar as the
age-adjusted HR in combined sex was 1.76, compared to 1.36 for
WHtR. The same ranking was valid also for the ‘fully adjusted’
model: HRs of 1.31 and 1.21, respectively, as well as in females
alone. Yet when males were considered, both adiposity measures
attenuated to non-significant HRs.

In the large Health Professionals Follow-up and the Nurses’
Health studies with over 3000 CHD end-points over a mean
follow-up of 16 years, it was concluded that WC may predict
CHD risk better than BMI among males and females >60 years
of age.18 Their overall data for females were consistent with a



338 THE NATIONAL MEDICAL JOURNAL OF INDIA VOL. 32, NO. 6, 2019

TABLE IV. Cox regression analysis for age-adjusted incident coronary heart disease in males and females using
quintiles of anthropometric measures in seeking linearity of associations

Anthropometric measure Quintile Hazard ratio (95% Confidence intervals)

Males (n=278/1567)  Females (n=295/1636)

Waist circumference (cm) 2 1.07 (0.70–1.64) 2.03  (1.22–3.37)
3 1.44 (0.94–2.20) 2.52  (1.57–4.04)
4; 100.2/98.3 1.66 (1.11–2.46) 2.61  (1.62–4.23)
5; 109.7/109.8 1.89 (1.27–2.80) 3.23  (2.02–5.18)

Hip circumference (cm) 2 1.58 (1.08–2.34) 1.01  (0.65–1.56)
3 1.38 (0.93–2.04) 1.51  (1.02–2.23)
4 1.95 (1.31–2.89) 1.52  (1.01–2.30)
5 1.69 (1.14–2.49) 1.89  (1.29–2.78)

Body mass index (kg/m2) 2 1.13 (0.75–1.71) 1.33  (0.85–2.08)
3 1.38 (0.92–2.06) 1.42  (0.92–2.21)
4; 28.7/31.8 1.22 (0.82–1.84) 0.995 (0.39–2.56)
5; 31.3/37.5 1.87 (1.29–2.72) 2.27  (1.55–3.32)

Waist-to-hip ratio 2 1.21 (0.70–1.85) 1.69  (1.06–1.68)
3 1.28 (0.85–1.94) 2.15  (1.38–3.34)
4 1.47 (0.98–2.21) 2.04  (1.31–3.19)
5 1.74 (1.17–2.58) 1.98  (1.27–3.08)

Waist-to-height ratio 2 1.47 (0.93–2.34) 1.74  (1.05–2.89)
3 1.58 (1.005–2.49) 2.30  (1.42–3.72)
4 2.08 (1.35–3.20) 2.18  (1.34–3.55)
5 2.40 (1.57–3.66) 2.96  (1.85–4.74)

A body shape index 2 1.11 (0.73–1.70) 1.12  (0.73–1.71)
3 1.23 (0.82–1.87) 1.26  (0.82–1.87)
4; 0.0824/0.0780 1.14 (0.76–1.72) 1.44  (0.97–2.13)
5; 0.0850/0.0825 1.42 (0.95–2.12) 0.996 (0.66–1.51)

Quintile 1 was reference for each measure shown

FIG 1. Graph represents age-adjusted risk for coronary heart disease by quintiles of adiposity indicators in males and females. Waist
circumference and waist-to-height ratio are the two most suitable measures (where significant hazard ratios are indicated with lower
standard deviation bars). In contrast, body mass index has significant hazard ratios confined to the top quintile and shows a dip in
hazard ratios of the 4th quintile (mean 28.7/31.8 kg/m2 body mass index in males/females)

superiority of WC compared to BMI. In post hoc analyses, they
reported evidence that WC thresholds as low as 84 cm in males
and 71 cm in females may be useful in identifying those at an
increased risk of developing CHD.

Using computed tomography, it was found that the best

surrogate of visceral adiposity was WC among the Turkish
people.19 Apolipoprotein B and HDL-cholesterol in males and,
the latter in females, were independently associated with VAT
area, closely related to CHD risk. A lower BMI at a given waist
girth suggested higher visceral adipose tissue (VAT) in males

Males Females
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alone. In females, a commensurate overall obesity and visceral
adiposity prevailed, suggesting no preferential accumulation
of subcutaneous or visceral fat tissue.

The association of abdominal subcutaneous and visceral fat
volumes with CVD risk factors was evaluated by computed
tomography in 1106 adults of the Third Generation cohort of
Framingham study.20 In a follow-up of 6.1 years, changes in both
abdominal volumes were associated with an increased incidence
of CVD risk factors, even after adjustment for changes in BMI
and WC. Hypercholesterolaemia and low HDL-cholesterol were
associated only with VAT but not with subcutaneous (SAT)
volume change.

Sex difference in mediation by CHD risk factors of risk
imparted by adiposity
In examining the association of BMI with the risk of CHD in a
meta-analysis of 21 cohorts, the BMI–CHD collaboration
investigators concluded that adverse effects of overweight on
BP and cholesterol levels could account for about 45% of the
increased CHD risk.21 A residual independent risk by excess
weight was emphasized. A similar conclusion was reached by
the effects of BMI on CVD in a pooled analysis of 97 prospective
cohort studies. BP was the most important factor causing a third
of the excess risk on CHD and two-thirds on stroke.22 Neither
of these meta-analyses reported findings stratified for sex.

In males of the TARF study, two-thirds of the risk conferred
by WC and one-fifth of effect by WHtR were due to SBP and
fasting glucose. HDL-cholesterol affected CHD risk marginally
(by 2%–3%). The effects of LDL-cholesterol and physical
activity on incident CHD were negligible. In females, only 15%
of the risk conferred by WC and 10% by WHtR were mediated
by SBP and fasting glucose. HDL-cholesterol affected CHD risk
also in females only marginally (by 1%–1.5%). LDL-cholesterol
and physical activity affected around 2% for incident CHD.
With respect to coronary mortality among TARF participants,

the risk was fully mediated by SBP, fasting glucose and total
cholesterol among males, in contrast to substantial retention by
BMI.23 The adiposity measure WHtR, found best in older
Swedish adults, also showed sex difference in CVD risk
mediation, but interestingly in reverse sex, namely, greater risk
retention among males.6

During a median follow-up of 7.9 years in the DECODE
study,1 3436 individuals died, two-fifths from CVD. A linear
relationship was detected for all five indicators with CVD
mortality and for WHR with all-cause mortality, while a J-shaped
relationship was detected for WC and WHtR with all-cause
mortality in both sexes.

Sex-specific thresholds of WC and WHtR for risk of CHD
A J-shaped association between any adiposity surrogate and
CHD risk was not observed in either sex. This differs materially
from our experience with regard to risk of all-cause death. In
people free of CHD, insofar as WC values for multivariable-
adjusted mortality risk were U-shaped, becoming more prominent
at a 4-year (rather than 10-year) follow-up (unpublished data).
This suggests that a narrow WC confers mainly non-coronary
death risk (likely through autoimmune pathways).

Using 0.3 SD for the adiposity measures, we can propose the
following thresholds for risk of CHD in males and females: 97
and 94 cm in WC and 0.585 and 0.62 in WHtR, respectively.
These WHtR thresholds would correspond to 99 and 97 cm of
WC in average Turkish males and females having mean heights
of 1.70 and 1.57 cm, respectively. Hence, the initially stated WC
thresholds appear to be practical for adoption. Their specificity
(63% and 65% in males and females) and sensitivity (52% and
54% in males and females) yielded a high negative predictive
value of 86% in each sex, yet a relatively low positive predictive
value (23% and 25% in males and females) in such middle-aged
individuals.

BMI has been the indicator of adiposity used and
recommended by the Turkish Health Ministry for the purpose
of health promotion. We believe that this policy is inappropriate
and instead WC should be monitored.

Sex-modulated role of hip circumference and height
Contrary associations of waist and HC with CHD have been
reported in general.10 However, HC emerged in this study to
impart an age-adjusted risk of CHD in each sex and, in females,
even after adjustment for the three mediating risk factors. This
is the reason why WHR among Turkish people is distinctly
inferior to WC in predictive value. In a comparison between
German and Turkish adults, we had previously reported that
changes in WC and HC were significantly associated
independently with elevated LDL-cholesterol in Germans, but
not among Turkish people.24 Excess of overall obesity in Germans
and Turkish women, and abdominal obesity among Turkish
males, appeared to be major determinants of SBP. In
contradistinction of the high relevance of abdominal obesity in
Turkish males, females tend to be burdened by increased CHD
risk also through body fat mass,19,25 being in line with the
tomographic finding that impaired fasting glucose (IFG) was
associated only with SAT but not with VAT volume change,
beyond generalized or central adiposity.20 The latter measure
exhibited sex interaction in association with both IFG and
incident MetS. This disparity in ethnicity and sex reflects
pathogenic differences and requires a modified emphasis of
preventive and therapeutic measures. However, HC was

FIG 2. Schematic representation of factors involved in imparting
adiposity on risk for coronary heart disease (CHD) in Turkish
adults and the mediators. Systolic blood pressure (SBP), high-
density lipoprotein-cholesterol (HDL) and fasting glucose are
the major mediators in males, leaving low-grade inflammation
(Inflam.) a minor role. In contrast, the stated risk factors in
females assumed minor mediation, while the bulk of CHD risk
was retained by excess adiposity, presumably through the
autoimmune process  WC waist circumference
WHtR waist-to-height ratio
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documented in a study to be a significant predictive risk factor
of atrial fibrillation independent of other anthropometric
measures except for weight.26 Thus, the notion of HC being a
cardioprotective factor seems to need revision or modification.

As regards height, short stature was a significant risk factor
of death (and tended to be so for incident CHD) in Turkish
females alone, attenuating only marginally by adjustments for
relevant factors.27 Shorter height presumably reflects enhanced
low-grade inflammation already in puberty, the persistence of
which may lead preferentially to CHD. Hence, a decrement in the
denominator of WHtR would contribute to a higher WHtR.

In the Rotterdam Study, ABSI was documented to modestly
predict CVD in males––though not in females––in a non-
laboratory-based model.28 In a study from Iran which was
conducted on 9555 patients, the relationship of ABSI with CHD
risk factors or metabolic syndrome was reported to be weak.29

And also, in another study which was conducted on 10 141
patients, ABSI was found to have a lower value in predicting
incident CHD.30 Current unadjusted C-statistics showed ABSI
to be an intermediate surrogate in each sex, but strongly
attenuated upon adjustment for four conventional risk factors.
Based on our results, we have shown that ABSI was not a good
predictor on incident CHD. This may be attributed to the
inclusion in the equation of a BMI exponent, which is inferior
to WC as a residual risk factor in Turkish males. Traditional
eating habits or physical characteristics of the Turkish
population may have contributed to that finding.

Possible explanation for independent relevance of
adiposity surrogates in females
Obesity mediation by conventional risk factors varied across
sexes, being prominent in males, compared to contributing little
mediation in females. The sex-modulated retained CHD risk by
excess adiposity thus may follow pathways of systemic
inflammation, endothelial dysfunction and thrombogenic
factors––beyond elevated BP, dyslipidaemia or dysglycaemia.
The retention of the majority of the obesity risk in females
supports the notion of an autoimmune process activated by
obesity, being more common in females than males.31 This
finding supports the one reported in the TARF study on
residual risk related to the influence of BMI on CHD and
coronary mortality.23 It is recognized that enhanced low-grade
inflammation may lead to insulin resistance and diabetes in
people with adiposity.32

Implications. The most appropriate adiposity measure among
Turkish adults to assess future risk of CHD was WC, which
should be monitored. WHtR is similarly suited to indicate CHD
risk only in males but complicates if a second measure is used.

Limitations and strengths
We avoided potential overadjustment by not adjusting for
variables such as serum triglycerides, socioeconomic status or
physical activity that could mediate associations between
adiposity indicators and CHD risk.32 As a limitation, we have not
evaluated dietary habits in our study. The large number of
incident CHD cases, separate analysis in the sexes and head-
to-head comparison of five adiposity surrogates constitute the
strengths of our study.

Conclusions
WC was the most suitable of the five adiposity indicators for
estimating risk for CHD among middle-aged and elderly Turkish

adults. Unmediated adiposity risk in males was similarly
identified by WHtR. In contrast to the risk mediated by
conventional risk factors to a larger extent in males, retention of
a large part of the risk in females may be due to other not well
known factors.
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