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(p  !  0.01), WC (p  !  0.05), and WHtR (p  !  0.01) in male partici-
pants.  Conclusion:  WHtR may be a better marker of central 
obesity and may better predict CAD than BMI and WC. 
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 Introduction 

 Obesity, i.e. excess body fat, is a growing health prob-
lem in most developed and some developing countries  [1] . 
It is a very important risk factor for cardiovascular dis-
ease as well as type 2 diabetes mellitus, hypertension, os-
teoarthritis, fatty liver, infertility and other problems col-
lectively named metabolic syndrome. 

  Different methods exist for clinical evaluation of obe-
sity. The body mass index (BMI), waist circumference 
(WC), waist/hip ratio, waist/height ratio (WHtR) and 
skin fold thickness are clinical tools enabling health 
teams to evaluate obesity and fat distribution. Among 
these, BMI is the best studied and the one with confirmed 
values in predicting risk of obesity complications  [2–8] . 
As a limitation, the normal BMI range, as defined by the 
World Health Organization, is quite wide, and some peo-
ple within this range may have excessive central fat ac-
cumulation and elevated metabolic risks  [9] . As central 
fat distribution is considered more atherogenic than pe-

 Key Words 

 Abdominal obesity  �  Anthropometric indices  �  Body mass 
index  �  Coronary artery disease  �  Obesity  �  Waist/height 
ratio 

 Abstract 

  Background:  Body mass index (BMI), waist circumference 
(WC), waist/hip ratio, waist/height ratio (WHtR) and skin fold 
thickness are clinical tools enabling the evaluation of obe-
sity. WHtR is a recently introduced index to assess central fat 
distribution. This study was performed to compare the prog-
nostic value of WHtR and BMI for definite coronary artery 
disease (CAD).  Methods:  A cross-sectional study was per-
formed in the Shahid-Chamran Hospital, Isfahan, Iran. The 
study included 591 patients undergoing coronary angiogra-
phy for suspected ischemia. We measured BMI, WC and cor-
onary artery scores of the patients. Prevalence of CAD was 
compared between obese (BMI  6 30) and abdominal obese 
(WHtR  6 0.55) participants.  Results:  Prevalence of CAD was 
significantly higher in abdominal obese patients (WHtR 
 6 0.55) than in patients without abdominal obesity (odds 
 ratio, OR = 1.63, p = 0.008). The difference in CAD prevalence 
between obese (BMI  6 30) and non-obese patients nearly 
reached significance (OR = 1.48, p = 0.058). There was a sig-
nificant positive correlation between CAD score and age
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ripheral obesity, much attention has been focused on 
methods that can evaluate central obesity.

  By releasing non-esterified free fatty acids to the por-
tal and peripheral circulation, abdominal fat deposits 
lead to insulin resistance in muscle and liver cells  [10, 11]  
and also increased very-low-density lipoprotein-triglyc-
eride production by the liver  [12] , and, consequently, 
small, dense low-density lipoprotein production  [13–15] .

  Therefore, we need a clinical marker of obesity that 
evaluates central fatness better than BMI and is applica-
ble to different age groups. WHtR, a recently introduced 
index assessing central fat distribution, can be used to 
identify subjects who are at higher metabolic risk within 
the normal weight and the overweight population as 
judged by BMI measurements. In comparison to BMI, it 
is more strongly associated with coronary artery disease 
(CAD)  [16, 17] , and better predicts the incidence of type 
2 diabetes in obese subjects  [18] .

  The aim of this study was to compare the prognostic 
value of WHtR and BMI measurements for the prediction 
of angiography-proven CAD.

  Patients and Methods 

 This cross-sectional study was performed in the Shahid-
Chamran Hospital, Isfahan, Iran, during the 9-month period 
from June 2005 to February 2006. All consecutive patients under-
going coronary angiography for suspected ischemia fulfilling the 
selection criteria (acceptance to participation, history of chronic 
stable angina, availability of past medical records and ability to 
perform required examinations) were invited to participate in the 
present study.

  Patients referred for angiography for reasons other than CAD, 
those with a history of heart failure, myocardial infarction or un-
stable angina, and those who had participated in weight-reducing 
programs (including diets) or received related medications were 
excluded from the study.

  Six hundred and sixty patients were invited to participate. Five 
hundred and ninety-one patients accepted to participate (348 
male and 243 female patients). About 10% of the patients did not 
sign the consent form and were therefore excluded from the study; 
the remainder gave informed consent. The Shahid-Chamran 
Hospital Ethics Committee approved the study. 

  During the first visit, a complete history regarding the reason 
for angiography request, past medical history and medications 
(including weight-reducing drugs) was obtained. Weight was re-
corded by a standard medical scale (Seca, Hamburg, Germany). 
The scale acuity was 100 g and the coefficient of variation  ! 1%. All 
participants were weighed with light clothing and without shoes. 
Height was measured standing with four parts (heels, buttocks, 
back and head) touching the stadiometer, heels together and head 
in Frankfurt plane  [19] . WC was measured horizontally at the um-
bilical level (1 cm above the naval) by tape measure. One person 
using the same methods performed all the measurements.

  CAD was scored after coronary angiography according to the 
following criteria  [20, 21] : (1) the number of atherosclerotic main 
coronary arteries (0–3); (2) the number of atherosclerotic seg-
ments of main coronary arteries (0–9, each coronary artery has 3 
segments), and (3) the severity of atherosclerotic stenosis of main 
coronary arteries (0 = no stenosis; 1 = stenosis  ! 50%; 2 = stenosis 
50–75%, and 3 = stenosis  1 75%).

  The total coronary artery score assessed by the above criteria 
is between 0 and 21. Scores  ! 7 were considered negative, those be-
tween 7 and 14, positive stage 1, and those  1 14, positive stage 2. 

  BMI was calculated as weight/height 2  (kg/m 2 ) and WHtR as 
WC/height. BMI  6 30 was considered obese. The criterion of ab-
dominal obesity was defined as WHtR  6 0.55. This threshold was 
selected based on the results of different other studies, including 
previous studies in our center  [22–26] . Subsequently, participants 
were divided into three groups based on WHtR and four groups 
based on BMI (WHO classification) for better evaluation of their 
roles in the prediction of CAD.

  Normal thresholds for WC were also considered using the Na-
tional Cholesterol Education Program (NCEP) Adult Treatment 
Panel (ATP) III  [1]  and International Diabetes Federation (IDF) 
 [27]  criteria (waist  ! 88 cm for women and  ! 102 for men by NCEP 
ATP III, and waist  ! 80 cm for women and  ! 94 for men by IDF 
criteria).

  Statistical Analysis 
 The prevalence of CAD in each group, obese (BMI  6 30) ver-

sus non-obese, abdominal obese (WHtR  6 0.55) versus non-ab-
dominal obese and subdivisions of WHtR and BMI were com-
pared by  �  2  test. The correlation between BMI, weight, WC, 
WHtR and coronary score was evaluated by Pearson’s correlation 
and controlled for age and sex by partial correlation. The correla-
tion between nonparametric indices, i.e. obesity (BMI  6 30), ab-
dominal obesity (WHtR  6 0.55) and CAD (score  6 7), was evalu-
ated by Spearman’s correlation coefficient.

  Results 

 The baseline characteristics of the participants includ-
ed: mean (SD) age 57.1 (10.7) years, height 163 (9.1) cm, 
weight 72.2 (13.1) kg, waist 96.6 (11.3) cm, BMI 26.9 (4.7) 
and WHtR 0.59 (0.08). The mean CAD score was 7.6 (8.6 
in men and 6.2 in women). The prevalence of CAD (an-
giography score  1 7) in the participants was 50.9% (n = 
301), of which 76.4% (n = 230) had abdominal obesity 
(WHtR  6 0.55).

  The prevalence of CAD was significantly different be-
tween patients with and without abdominal obesity (odds 
ratio, OR = 1.60, 95% confidence interval, CI 1.10–2.28, 
p = 0.008). After adjustment for age and sex, the differ-
ence was still significant (OR = 2.12, CI 1.42–3.16, p  !  
0.001). This significant difference was also observed after 
dividing participants into three groups based on WHtR 
(p = 0.027). A significant correlation was observed be-
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tween abdominal obesity and CAD (r = 0.106, p = 0.01). 
After controlling for age and sex, this correlation was still 
significant (r = 0.153, p  !  0.001).

  Of 301 CAD patients, 23.9% (n = 72) were obese (BMI 
 6 30). There was a near-significant difference in CAD 
prevalence between patients with and without obesity
(p = 0.0586, OR = 1.47, CI 0.98–2.20). After adjusting for 
age and sex, the difference changed to significant (p = 
0.001, OR = 2.01, CI 1.31–3.10). This difference was non-
significant in subdivisions of BMI (p = 0.235). A signifi-
cant correlation was observed between obesity and CAD 
(r = 0.082, p = 0.045). After controlling for age and sex, 
this correlation was more significant (r = 0.133, p = 0.001; 
 table 1 ).

  We adjusted for BMI when calculating OR for WHtR 
and vice versa. After these adjustments, only the signifi-
cant difference for abdominal obesity remained (p = 0.41, 
OR = 1.48, CI 1.01–2.17).

  Analyzing the results of the 301 CAD patients based 
on WC using NCEP ATP III and also IDF criteria, 166 
and 231 patients, respectively, had increased WC. There 
was no significant difference between these patients and 
participants with normal WC regarding CAD prevalence 
(p = 0.618 and 0.163, respectively).

  Comparing different methods of obesity evaluation 
for the prediction of CAD, the best method was WHtR 
(OR 1.63), followed by BMI (OR 1.47) and WC according 
to IDF (OR 1.30) and NCEP ATP III criteria (OR 1.08).   

  Results Based on Sex Classification  
 There were 348 men in the study population of which 

58.3% (n = 203) had CAD, 60.9% (n = 212) had abdominal 
obesity and 14.9% (n = 70) were obese. There was a sig-
nificant difference between men with and without ab-
dominal obesity regarding CAD (OR = 2.49, CI 1.60–
3.88, p  !  0.001). A significant correlation was observed 
between abdominal obesity and CAD in the male popu-
lation (r = 0.219, p  !  0.001).

  Amongst male patients with CAD, 70% (n = 142) had 
abdominal obesity but only 18% (n = 37) were obese. The 
prevalence of CAD between obese and non-obese pa-
tients was also significantly different (OR = 1.93, CI 1.01–
3.67, p = 0.029). In male patients, significant correlations 
were also noted between obesity and the CAD score (r = 
0.109, p = 0.042), and between the CAD score and age
(p  !  0.01), WC (p  !  0.05) and WHtR (p  !  0.01). 

  In female patients (n = 243), the prevalence of CAD 
was 40.3% (n = 98), of abdominal obesity 87.2% (n = 212) 
and of obesity 28.8% (n = 70). CAD prevalence did not 
differ between women with or without abdominal obe-
sity (OR = 1.49, CI 0.66–3.32, p  !  0.218). There was also 
a non-significant correlation between abdominal obesity 
and CAD in women in this population (r = 0.063, p = 
0.329).

  Amongst female patients with CAD (n = 98), 35.7% 
were obese (n = 35) with a BMI  6 30. There was a signif-
icant difference in CAD prevalence between obese and 
non-obese women (p = 0.036, OR = 1.75, CI 0.99–3.06). A 
borderline significant correlation was observed between 
obesity and the CAD score in women (r = 0.125, p = 
0.05).

  There was a non-significant positive correlation be-
tween CAD score and BMI in women (p = 0.055) but no 
correlation between CAD score and WHtR in female par-
ticipants (p = 0.47). 

  Discussion 

 Markers of central obesity have been confirmed to be 
a better index of CAD risk than general obesity  [28–31] . 
We have investigated the correlation of different mea-
sures of obesity with definitive CAD scores to determine 
which measures are most applicable to different ages and 
sexes.

  WHtR has recently been introduced as a marker of 
central obesity. There are only a small number of studies 
confirming its value based on a definitive test for CAD 
using coronary angiography. The present study confirms 

Table 1. Prevalence of CAD in obese and abdominal obese pa-
tients

Without CAD With CAD Total 
(100.0%)

WHtR <0.55 96 (57.5%)  71 (42.5%) 167
WHtR ≥0.55 194 (45.8%) 230 (54.2%) 424
p value 0.007

BMI <30 240 (51.2%) 229 (48.8%) 469
BMI ≥30 50 (41.0%)  72 (59.0%) 122
p value 0.058

Increased WC1 154 (48.1%) 166 (51.9%) 320
Normal WC 136 (50.2%) 135 (49.8%) 271
p value 0.618

Total 290 (49.1%) 301 (50.9%) 591

Numbers of patients (%) are shown. 
1 Based on NCEP ATP III criteria.
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that WHtR is a valuable marker for the prediction of 
CAD, being superior to BMI especially in male patients, 
with a better correlation between CAD scores and WHtR 
than with BMI. Comparing OR of abdominal obesity 
(WHtR  1 0.55) and general obesity (BMI  1 30), abdomi-
nal obesity was a better predictor of CAD than BMI. 
However, our data confirmed that BMI was also a valu-
able tool for CAD prediction, and, based on the results of 
the present study, its importance surpassed the predictive 
value of WHtR in female patients.

  In 2006, Aekplakorn et al.  [17]  reported that central 
obesity indices, including WC, waist-to-hip ratio and 
WHtR, were slightly better associated with cardiovascu-
lar risk factors than BMI in a national cross-sectional 
survey in 5,305 Thai adults. Ashwell and Hsieh  [32]  have 
also demonstrated WHtR as a simple and rapid screening 
tool assessing health risk factors in different populations. 
They reported that WHtR could be used as a measure of 
obesity throughout childhood into adult life and in dif-
ferent populations in the world.

  Similarly, Turcato et al.  [33] , in a study including 146 
women and 83 men aged 67–78 years, showed that indica-
tors of body fat distribution (WC, sagittal abdominal di-
ameter, waist/hip ratio and WHtR) were associated with 
cardiovascular risk factors in the elderly independently 
of BMI. Waist and sagittal abdominal diameter were the 
anthropometric indicators of fat distribution which were 
most closely related to risk factors of cardiovascular dis-

ease in old age. A few studies have also suggested similar 
outcomes  [6, 34–37] , while others are not in agreement 
with the association of WHtR with CAD  [38–40] .

  To our knowledge, this is the first study to use coro-
nary angiography scores to elucidate the significance of 
the use of WHtR measurements as an index of CAD risk. 
An interesting observation from our study and previous-
ly published studies is that the WC or WHtR measure-
ments predominantly correlate with CAD in men and 
less in women  [41, 42] . Many waist-reducing programs, 
usually used by women without any CAD benefit, may 
possibly explain this observation. Another explanation 
may be the lower prevalence of CAD in females, thus ren-
dering a correlation between WHtR and CAD scores in-
significant.

  One limitation of our study is that these findings apply 
only to patients with a suspicion of CAD and not neces-
sarily to the general population. Another limitation is its 
cross-sectional design. A prospective cohort study can 
better compare the prognostic value of BMI and WHtR 
in the prediction of CAD.

  In conclusion, we have shown that WHtR can be used 
as a measure of abdominal adiposity and a risk factor of 
CAD, especially in male subjects. We have tested the hy-
pothesis using coronary angiography scores. Long-term 
prospective studies could be planned to study this asso-
ciation further in the female population.
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