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Abstract Background: Cardiovascular disease (CVD) is the most important cause of mortality in developed and

developing countries. Hypertension is a major risk factor for CVD.Waist circumference (WC) cut-off point

is a simple way to recognize risk of developing hypertension. However, there are different cut-off points for

different races, including Iranians.

Aim: The objective of this article was to determine the association between WC and hypertension as an

important cardiovascular risk factor in the Iranian population.

Methods:A total of 850 subjects (430women and 420men) older than 18 years, whowere residents in the urban

and rural areas throughout Arak city, Iran, were included in the present study.WCof subjects wasmeasured to

identify its relationship with hypertension. Fasting plasma glucose and lipid profile were also measured.

Results:WC cut-off point to predict hypertension was 89 cm and 93 cm for men and women, respectively, by

using receiver operator characteristic curve analysis.

Conclusions: The results of our analysis showed that the cut-off point of WC in the Iranian population is

greater than other Asians and WC is a strong index to predict hypertension.
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Background

Hypertension is a common disease, and many people through-

out the world are involved with this condition, which is strongly

related to left ventricular hypertrophy and cardiovascular events.[1]

In Iran, in 2010, prevalenceof hypertensionwas 38.1% (41.7%men,

35.7% women).[2] There are some indices able to predict develop-

ment of hypertension. Among these, obesity is one of the most

common. Obesity is usually evaluated by the presence of an

increased bodymass index (BMI). BMI, however, is not related

to body fat distribution,[3] whereas fat distribution, not BMI, is

strongly related to hypertension.[4]

Waist circumference (WC) is commonly used to detect

abdominal obesity[5] and to predict hypertension.[6] Assessing

WC is easy and inexpensive.[7] Gender and race, however, may

have a significant impact on WC.[8] In fact, WC is determined

by abdominal fat, pelvic skeleton, subcutaneous fat and mus-

cles, all of which may be influenced by race.[9]

On the basis of these considerations regarding the importance

of hypertension and different values of WC in different popu-

lations, we aimed to identify the potential association between

WC and hypertension in Iranians.

Methods

This cross-sectional, population-based study was performed

in Arak, a centrally located city in Iran. By conducting quota

sampling, the study population was stratified by living area

(urban vs rural), according to regional population distribution.

Thus, 850 adults (aged ‡18 years) were selected by multistage

cluster random sampling. All subjects were residents of Arak

(Iran) and related villages.

Local ethical committees and regulatory organizations

approved the present study. Written informed consent was

obtained from participants after full explanation of the study

protocol.
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We calculated the sample size and divided it into different

age groups (18–30, 31–40, 41–50, 51–60 and >60 years) equally
distributed between men and women.

Physical Examination

The team conducted a structured interview using a stan-

dardized questionnaire to obtain information on demographic

and socioeconomic aspects. A trained team of physicians per-

formed physical examinations using standardized and zero

calibrated instruments.

Blood pressure (BP) was measured by sphygmometer in the

right arm, at heart level, in the sitting position at two separate

times, and recorded as the average of two readings for the first

and fifth Korotkoff sounds as systolic (SBP) and diastolic

(DBP) blood pressure values, respectively. The presence of SBP

‡140mmHg and/or DBP ‡90mmHg was defined by the Se-

venth Report of the Joint National Committee (JNC 7).[1]

Height wasmeasured barefoot in the standing position to the

nearest 0.5 cm using a securedmetal ruler, andweight measured

in light clothing using calibrated scales. In addition, WC was

measured at a level midway between the lower rib margin and

the iliac crest to the nearest 0.5 cm.

Laboratory Examinations

Trained nurses obtained the participants’ blood samples by

venipuncture after 12 hours of fasting. They kept all blood

samples frozen at -20�C to be assayed within 72 hours at the

central laboratory, which is under external national and inter-

national quality control. The results from the laboratories

highly correlated with each other. Serum total cholesterol (TC),

triglycerides (TG) and fasting plasma glucose (FPG) measured

enzymatically using an auto-analyser (Eppendorf, Germany)

and serum high-density lipoprotein cholesterol (HDL-C) de-

termined after precipitation of low-density and very low-

density lipoproteins with dextran sulfate-magnesium. Serum

low-density lipoprotein cholesterol (LDL-C) was calculated

using the Friedewald equation in subjects with TG <400mg/dL,
and standard kits were used in other cases.

Statistical Analysis

Statistical analyses were performed using the SPSS 17 (statis-

tical package forWindows, Inc., Chicago, IL,USA).A chi-square

test was used to detect the relationship between qualitative

variables, a descriptive test was used for means and a Pearson

correlation test was used for detection of the relationship be-

tween quantitative variables. Continuous variables are described

by mean– range.
Receiver operator characteristic (ROC) curve analysis was

plotted to determine WC cut-off. The WC cut-off to predict

hypertension was defined by the highest left point on the ROC

curve. Sensitivity, specificity and accuracy were then analysed.

The WC cut-off point to predict hypertension in different age

groups including 18–30, 31–40, 41–50, 51–60 and >60 years was
detected by using independent sample t-test.

Results

A total of 850 subjects (430 women, 420 men) participated in

the study. Mean (range) BMI was 25.4 kg/m2 (15–50 kg/m2)

[24.5 women, 26.3 men]. The anthropometric and metabolic

characteristics of the study population are presented in table I.

In the overall population sample, 25% had hypertension,

28.4% had TC ‡200mg/dL (odds ratio [OR] 1.56; 95% CI 1.49,

1.63) and 17.6% had TC ‡300mg/dL. In addition, 7.2% had

FPG ‡126mg/dL (OR 1.17; 95% CI 1.10, 1.25). High TC and

FPG levels were more prevalent in men than in women. In

contrast, the prevalence of high BP and BMI was higher in

women than in men (table II).

The optimal WC cut-off point to predict hypertension was 89

and 93 cm formen andwomen, respectively. The area under curve

for men was 0.66 with 95% CI 0.655, 0.667 and for women 0.685

Table I. Clinical and biochemical variables

Variable Mean SE Minimum Maximum

Age (y) 39 0.04 18 82

Systolic blood pressure (mmHg) 122.3 0.06 80 240

Diastolic blood pressure (mmHg) 77.4 0.04 45 130

Waist circumference (cm) 87.9 0.04 50 130

Cholesterol (mg/dL) 201 0.18 85 400

Fasting plasma glucose (mg/dL) 96.8 0.13 51 350

Body mass index (kg/m2) 25.4 0.016 15 50

SE= standard error.

Table II. Prevalence of clinical and biochemical variables

Variable Overall (%) Men (%) Women (%)

Hypertension 25 24.8 25.1

COL ‡240mg/dL 18.3 21.4 14.8

FPG ‡126mg/dL 7.2 7.9 6.8

BMI ‡25 kg/m2 52.2 45 59

BMI ‡30 kg/m2 18.4 11.3 25.6

BMI =body mass index; COL= cholesterol; FPG= fasting plasma glucose.
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with 95% CI 0.68, 0.69 (table III). Correlations between WC and

hypertension in different age groups are shown in table IV.

In this study, we reported that the prevalence of hyperten-

sion was 25% (24.8% in men and 25.1% in women), while

the prevalence of hypercholesterolaemia was 18.3% (21.4% in

men and 14.8% in women). In addition, the prevalence of

BMI ‡25 kg/m2 in our study was 52.2% and BMI ‡30 kg/m2was

18.4%; the prevalence diabetes was 7.2% (6.8% in women and

7.9% in men).

Discussion

Previous studies have demonstrated that central fat distribu-

tion is more related to risk of hypertension than generalized fat

distribution.[10] There are several observations reporting that

WC or waist-to-hip ratio are better indexes for detecting meta-

bolic abnormalities than BMI.[11] Waist-to-hip ratio, however,

might not be suitable in all clinical settings and conditions,

mostly because it is strongly dependent on age.[12] Abdominal fat

is also strongly related to the concomitant presence of additional

cardiovascular risk factors, especially in Asian countries, even

when BMI is normal.[13] In Australia, waist-to-hip ratio[14]

and in Bangladesh waist-to-height ratio[15] were better indexes

for detection of risk factors. Miyawaki et al. demonstrated in a

Japanese population that the appropriate cut-off values to detect

multiple cardiovascular risk components forWCwere 86 cmand

77 cm in males and females, respectively.[16] A study in a Korean

population suggested that the appropriate WC values to detect

multiple cardiovascular risk factors were 84–86 cmand 78–80 cm

for men and women, respectively.[17] In a Chinese population,

Ko et al. determined that WC values of 84.6 cm and 75.7 cm in

men and women, respectively, were the optimal cut-off values to

predict abdominal obesity.[18]

Thus, uniform anthropometric cut-off values for all Asian

ethnic groups are not appropriate to assess obesity-related

metabolic complications.[19] Liu et al. conclude, in Chinese

subjects,WCcut-off valueswere 91.3 cmand 87.1 cm inmales and

females, respectively.[20] In Asian Indians, WC cut-off values in

men and women were 78–90 cm and 72–80 cm, respectively.[3] In

Iran, WC cut-off values were 80–93 cm and 79–96 cm in men and

women, respectively, these values being higher than any other

Asian populations.[21] In another study performed in Iran, the

WC cut-off value in men in aged between 35–54 years was

89 cm, while in those aged between 55–74 years it was 91 cm.[22]

This is in accordance with the results of our study, which

demonstrated thatWC cut-off values also increased with aging.

Delavari et al. demonstrated that 89 cm and 91 cm for men

and women, respectively, were optimal Iranian WC cut-off

points to predict metabolic risk factors.[23] In another study

performed in China, WC cut-off point was 85 cm for men and

80 cm for women.[24] A study in Iraq showed that WC cut-off

points of 97 cm in men and 99 cm in women were optimal for

diagnosis for metabolic syndrome,[25] which are in accordance

with our results. Asians have less muscle mass and mineral

content[26] and these differences in body composition in dif-

ferent races have an influence on WC cut-off.

Conclusions

In our study,WC cut-off values to predict hypertension were

higher than previously reported in any other Asian countries.

This might be due to race differences between Iranians and

other Asian groups. We recommend further studies based on

cardiovascular disease outcome, aimed at identifying definite

WC cut-off values in Iranian and Asian populations.
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