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Abstract 
 BACKGROUND: Investigating association of obesity indexes with other risk factors of 
cardiovascular diseases can help finding the best index in clinic for each sex. In this study, 
relationship of obesity based on body mass index (BMI), waist circumference, and waist-to-hip 
ratio with cardiovascular disease risk factors was investigated. 

 METHODS: Participants of the first phase of Isfahan Healthy Heart Program (IHHP) in 2000-
2001, including 12800 healthy people aged over 19 years from Isfahan, Najafabad and Arak 
(Iran), were studied. Anthropometric indexes and cardiovascular risk factors were collected 
using conventional definitions and standard questionnaires. Kappa coefficient of agreement 
between calculated risk factors with definition of obesity based on anthropometric indexes was 
calculated using SPSS software. 

 RESULTS: Waist circumference showed the highest correlation with cardiovascular risk factors 
in men and women. Obesity based on BMI and waist-to-hip ratio in both sexes showed the same 
correlation with cardiovascular risk factors. In the correlation study matched for age, it was 
shown that the highest correlation was seen between waist circumference and two other 
indexes. Correlation coefficient over 60% showed the strongest agreement between obesity 
indexes and metabolic syndrome. 

 CONCLUSION: In Iranian population, waist circumference as a simple measure with a higher 
agreement with cardiovascular risk factors can be used in clinical settings and epidemiological 
studies. 
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Introduction 
Although obesity as a global health problem is 
increasing,1 no acceptable index has been introduced 
to show its accurate intensity.2,3Nowadays, using body 
mass index (BMI), waist-to-hip ratio (WHR) and 
waist circumference (WC) is a common practice in 
clinical settings for measuring obesity.2-5Despite this 
fact, making a decision about the relationship 
between other cardiovascular risk factors such as 
diabetes and hypertension based on proxy indexes of 
obesity seems difficult in both sexes. Although BMI is 
currently used in diagnosis and treatment of obesity, it 
is not a good index alone.6,7 In epidemiological 
studies, each index has a different value.8-13 Because 
cardiovascular risk factors such as diabetes, 

hypertension and metabolic syndrome which are 
closely related with obesity are more prevalent,14 
determining agreement of each anthropometricfactor 
with other cardiovascular risk factors in men and 
women can affect clinical decision making. 

Materials and Methods 
In a cross-sectional study in Isfahan, Najafabad and 
Arak (Iran), as the first phase of a 5-year community-
based interventional clinical trial (Isfahan Healthy 
Heart Project, IHHP), 6400 participants from Isfahan 
and Najafabad and 6400 subjects from Arak were 
investigated.  

Data of 12514 people were collected and studied.13 
In this study, sampling was conducted in a multistage 
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manner and according to urban-rural ratio. Data 
collecting tools was designed based on standardized 
final section of surveillance unit of WHO for non-
contagious diseases. It was translated and then 
standardized again before use. Hypertensive patients in 
this study were defined as people who had taken 
antihypertensive medicine in the past 7 days, or those 
who had mean systolic and diastolic pressure of over 
140/90 mmHg, in three measurements with 5 minutes 
intervals, two times with one-week interval. Blood 
pressure was measured a standardized 
sphygmomanometer. WC and hip circumference were 
measured using identical tape measures. Participant's 
weight was measured by a standardized scale while they 
were wearing light clothes. Lab tests were done after 
scheduling it with the participant and after 12-hour 
fasting, under standard conditions in the laboratory of 
Isfahan Cardiovascular Research Center. This 
laboratory was regularly surveyed by Belgian WHO 
reference laboratory of Levin. Fasting blood sugar 
(FBS), triglyceride (TG), and high-density lipoprotein 
cholesterol (HDL-C) were measured and reported 
under standard conditions.  

Metabolic syndrome was defined as simultaneous 
occurrence of the three of the following criteria: FBS 
≥110 mg/dl, TG ≥150 mg/dl, systolic blood pressure 
≥135 mmHg or diastolic blood pressure ≥85 mmHg, 
WC≥102 cm in men and ≥88 cm in women, HDL-C 
lower than 35 mg/dl in men and 40 mg/dl in 
women.15Diabetes was defined as FBS ≥126 mg/dl, 
or taking antidiabetic medication.16 Furthermore, 
appropriate physical activity was defined as at least 3 
hours of regular exercise.14 Dyslipidemia was defined 
as HDL-C lower than 40 mg/dl, or cholesterol equal 
≥240 mg/dl, LDL-C≥40 mg/dl, TG ≥200 mg/dl, or 
taking hypolipidemic medications.14 WHR over 0.85 
in women and over 1 in men, BMI over 30 in both 
sexes, and WC equal to or more than 102 cm in men 
and 88 cm in women was considered as obesity.17 
Data were analyzed using SPSS software and kappa 
coefficient of agreement between obesity indexes and 

cardiovascular risk factors was reported. 

Results 
In this study, data of 6391 women (out of 6400 
women) and 6123 men (out of 6400 men), all aged 
over 19-year-old, were complete and were entered in 
the analyses. Mean and standard deviation of BMI for 
men and women was 24.5 ± 4.8 and 26.7 ± 5.9, 
respectively. Mean and standard deviation of WC for 
men and women was 88 ± 12 and 82 ± 14 cm, 
respectively. Mean and standard deviation of WHR 
for men and women was 0.89 ± 0.08 and 0.9 ± 0.09, 
respectively. Furthermore, in women population, 
15.4% had hypertension, 28.1% hadmetabolic 
syndrome, 5.4% had diabetes, 48.5% had 
dyslipidemia, and 88.2% had inappropriate (less than 
3 hours per week) exercise. In men, 12.2% had 
hypertension, 8.1% had metabolic syndrome, 4.2% 
had diabetes, 54.8% had dyslipidemia, and 78% had 
inappropriate exercise. Adjusted correlation of obesity 
indexes for age in both sexes, and correlation degree 
of each index with cardiovascular disease risk factors 
are shown in table 1 to 4.  
 
Table 1. Age adjusted correlation of obesity indexes 
in both sexes 

 BMI WC WHR 

Men 
BMI 1 0.64 $ 0.34 
WC 0.64 1 0.61 

Women 
BMI 1 0.6 0.19 
WC 0.6 1 0.63 

Discussion 
This study was conducted to investigate the 
anthropometric indexes of obesity as one of the risk 
factors of cardiovascular diseases in relation with 
other obesity-related risk factors in an Iranian 
population. It aimed to determine the index with 
higher degree of agreement to use it in clinical settings 
and epidemiological studies. The results showed 

 

Table 2. Degree of correlation between high waist-to-hip ratio and cardiovascular disease risk factors 
Group Kappa coefficient* SE of Kappa Degree of agreement**

Hypertensive men 0.170 0.017 Little 
Hypertensive women 0.078 0.005 Little 
Diabetic men 0.119 0.018 Little 
Diabetic women 0.020 0.003 Little 
Dyslipidemic men 0.049 0.006 Little 
Dyslipidemic women 0.131 0.011 Little 
Men with metabolic syndrome 0.242 0.020 Relatively good
Women with metabolic syndrome 0.169 0.007 Relatively good
Men without efficient physical activity 0.014 0.004 Little 
Women without efficient physical activity 0.032 0.120 Little 

Obesity based on waist-to-hip ratio (WHR) ≥ 0.8 in women and WHR ≥ 1 in men 
* Kappa coefficient of agreement shows the degree of agreement between two dependent variables and ranges from -1 to 1. 
** Little agreement was defined as Kappa between 0 and 0.2, relatively good 0.21-0.4, good 0.41-0.6, relatively perfect 0.61-0.8 and perfect 0.81-1 
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Table 3. Degree of correlation of obesity based on body mass index over 30 and cardiovascular risk factors 
Group Kappa 

coefficient* 
SE of Kappa  Degree of agreement** 

Hypertensive men  0.128 0.016 Little 
Hypertensive women 0.136 0.014 Little 
Diabetic men 0.093 0.017 Little 
Diabetic women 0.056 0.010 Little 
Dyslipidemic men 0.065 0.007 Little 
Dyslipidemic women 0.157 0.011 Little 
Men with metabolic syndrome 0.313 0.020 Relatively good 
Women with metabolic syndrome 0.278 0.013 Relatively good 
Men without efficient physical activity 0.005 0.004 Little 
Women without efficient physical 
activity 

0.005 0.005 Little 

Obesity based on body mass index (BMI) ≥ 30 
* Kappa coefficient of agreement shows the degree of agreement between two dependent variables and ranges from -1 to 1. 
** Little agreement was defined as Kappa between 0 and 0.2, relatively good 0.21-0.4, good 0.41-0.6, relatively perfect 0.61-0.8 and perfect 0.81-1 
  
Table 4. Degree of correlation of obesity based on waist circumference and cardiovascular risk factors 
Group Kappa coefficient* SE of Kappa Degree of agreement** 
Hypertensive men 0.215 0.016 Relatively good 
Hypertensive women 0.116 0.006 Little 
Diabetic men 0.113 0.015 Little 
Diabetic women 0.04 0.004 Little 
Dyslipidemic men 0.105 0.008 Little 
Dyslipidemic women 0.215 0.012 Relatively good 
Men with metabolic syndrome 0.484 0.017 Good 
women with metabolic syndrome 0.329 0.008 Relatively good 
Men without efficient physical activity 0.008 0.005 Little 
Women without efficient physical activity 0.016 0.010 Little 

Obesity based on waist circumference ≥ 88 cm in women and ≥102 in men 
* Kappa coefficient of agreement shows the degree of agreement between two dependent variables and ranges from -1 to 1. 
** Little agreement was defined as Kappa between 0 and 0.2, relatively good 0.21-0.4, good 0.41-0.6, relatively perfect 0.61-0.8 and perfect 0.81-1 

 
that despite the common use of BMI and the higher 
certainty of WHR in other studies7,9 WC had a higher 
degree of agreement with other cardiovascular risk 
factors in this study for both men and women. Han et 
al. found a higher agreement between WC and other 
cardiovascular risk factors as compared with waist to 
height ratio.18 The findings of Ashwell et al. 
emphasized the higher predictive value of WC for 
cardiovascular risk factors.13 WHO studies confirmed 
the high predictive value of WC as a simple index that 
can be obtained by one-time measurement.19 
Although Han et al. confirmed the better rate of WC 
alone as compared to waist to height ratio with regard 
to cardiovascular risk factors,20 recent studies 
haveemphasized the higher sensitivity and specificity 
of modified WC based on weight (WSR).21,22The 
findings of the present study show a weak 
relationship between BMI and WHR and 
cardiovascular risk factors. Although based on current 
protocols, using WHR is considered beneficial in 
women,22 the need to measure hip and WC twice 
increases the measurement error. Furthermore, the 
increase of weight as much as two times may not 

dramatically change WHR.20 Various studies had 
controversial findings about the higher value of WSR 
as compared to WC.13,18,20In the present study, we did 
not discuss the agreement of WSR with 
cardiovascular risk factors because there was no 
standard index based on the current protocols. In 
general, various studies have confirmed the value of 
WHR for women but BMI is more used in applied 
studies. In line with other studies,22 the findings of the 
present study confirms the higher agreement of WHR 
in women, but they show the higher agreement 
between WC and other cardiovascular risk factors. It 
reveals the predictive importance of this simple index 
in calculating obesity in clinical and epidemiological 
decision making. The high correlation of this index 
with metabolic syndrome, which is emphasized as a 
strong predictor of cardiovascular diseases23 clarifies 
the superiority of WC to other indexes. 
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