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Abstract

Objective: To compare the ability of waist circumference (WC), body mass index
(BMI), waist-to-hip ratio (WHR) and waist-to-height ratio (WHtR) to predict
cardiovascular risk factors in an urban adult population of Tehranian women.
Design: Population-based cross-sectional study.
Setting: Tehran, the capital of Iran.
Subjects: This study was conducted on 5073 women aged 18–74 years, participants of
the Tehran Lipid and Glucose Study. Demographic data were collected.
Anthropometric indices were measured according to standard protocols. Cut-off
points of BMI, WC, WHR and WHtR were considered as 25 kg m22, 80 cm, 0.8 and 0.5,
respectively. Blood pressure was measured and hypertension was defined based on
the sixth report of the Joint National Committee on Prevention, Detection, Evaluation
and Treatment of High Blood Pressure. Biochemical analyses were conducted on
fasting blood samples. Diabetes was defined as fasting plasma glucose $126 mg dl21

or 2-hour plasma glucose $200 mg dl21 and dyslipidaemia based on the third report
of the National Cholesterol Education Program Expert Panel. The presence of ‘at least
one risk factor’ from the three major cardiovascular risk factors (hypertension,
dyslipidaemia and diabetes) was also evaluated.
Results: Mean (^standard deviation) age of women was 39.9 ^ 14.6 years; mean BMI,
WC, WHR and WHtR were 27.1 ^ 1.5 kg m22, 86.5 ^ 13.5 cm and 0.83 ^ 0.08 and
0.55 ^ 0.08, respectively. Of the four anthropometric measures, WC had the highest
sensitivity and specificity to identify subjects with risk factors in both the 18–39 year
and the 40–74 year age categories. WC was seen to have a higher percentage of
correct prediction than BMI, WHR and WHtR.
Conclusion: It is concluded that WC is the best screening measure for cardiovascular
risk factors, compared with BMI, WHR and WHtR, in Tehranian adult women.
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The prevalence of obesity has increased dramatically in

industrialised and developing countries1–3, such that

World Health Organization (WHO) has reported over-

weight and obesity to be an escalating worldwide

epidemic4. Obese people are susceptible to other chronic

disease such as diabetes, cardiovascular disease (CVD)

and some cancers4. In Iran, the prevalence of both obesity

and CVD risk factors is high5,6.

Although body mass index (BMI) as an index of obesity

recommended by WHO7 is related to disease risk8, some

studies suggest that the pattern of body fat distribution is

a more important determinant of disease risk9–11 and

individuals with a high proportion of abdominal fat have

higher risks for developing diabetes9, hypertension12 and

CVD13. Unfortunately, there is no standard measure of

abdominal obesity that is widely accepted. Although the

majority of studies have found waist circumference (WC)

to be a better indicator of abdominal obesity and a better

predictor of CVD than either BMI or waist-to-hip ratio

(WHR)14–17, such a finding has not been confirmed in

Asian countries18 and the best index of obesity that is

predictive for CVD risk still remains controversial. On the

other hand, most studies examining the risk of adverse

health associated with obesity have been based on data

from Europe or the USA, and few data are available from

the Asia–Pacific region. The importance of this point is

reinforced when we note that the predictive power of

anthropometric indices is population-dependent19 and

varies from race to race20. It is essential, therefore, to

identify the best simple anthropometric index to predict

chronic disease risk in each population, to facilitate

enhanced screening for disease risk. The present study

was designed to compare the ability of WC, BMI, WHR

and waist-to-height ratio (WHtR) to predict cardiovascular

risk factors in an urban adult population of Tehranian

women.
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Subjects and methods

Subjects

This study was conducted within the framework of the

Tehran Lipid and Glucose Study (TLGS), a prospective

study performed on a representative sample of residents of

District 13 of Tehran with the aim of determining the

prevalence of non-communicable disease risk factors and

developing a healthy lifestyle to curtail these risk factors21.

In the TLGS, 15 005 people aged 3 years and over living in

District 13 of Tehran were selected by a multistage cluster

random sampling method, among whom were 10 837

people (6294 females) aged 18–74 years. In the present

population-based cross-sectional study, 5073 females who

had full relevant data and did not use pharmacological

treatment for their diabetes or dyslipidaemia were

included. There was no significant difference in any of

the main parameters of the study between those included

and those excluded. This study was approved by the

research council of the Endocrine Research Center,

Shaheed Beheshti University of Medical Sciences and

informed written consent was obtained from each subject.

Methods

Subjects were interviewed privately, in face-to-face inter-

views conducted by trained interviewers using pre-tested

questionnaires. Initially, information on age, smoking

habits, physical activity and educational level was

collected using validated questionnaires, as reported

earlier22–24. With regard to smoking habits, subjects

were categorised as daily smokers, ex-smokers, occasional

smokers and non-smokers. Data on physical activity were

obtained using the Lipid Research Clinic (LRC) ques-

tionnaire. This questionnaire is a simple and comprehen-

sible measure including four questions; no special

education is needed to complete this questionnaire.

Subjects were classified as having light, moderate or

severe physical activity based on their oral responses to

the questionnaire according to LRC guidelines. Education

level of subjects was scored as follows: illiterate ¼ 0,

Nehzat (persons able to read and write) ¼ 2, elementary

school ¼ 5, guidance school ¼ 9, high school

graduate ¼ 12, intermediate ¼ 14, bachelor ¼ 16, master

and postgraduate ¼ 18 and specialist ¼ 20. Based on the

educational level scoring, subjects were grouped as low

(,5), moderate (6–12) and highly educated (.12)

persons. Weight was measured, while the subjects were

minimally clothed and without shoes, using digital scales

and recorded to the nearest 100 g. Height was measured in

the standing position, without shoes, using a measuring

tape while the shoulders were in a normal state. BMI was

calculated as weight in kilograms divided by the square of

height in metres. WC was measured at the narrowest level

and hip circumference was measured at the maximal level

over light clothing, using a non-stretchable measuring

tape, without any pressure to the body surface, and both

were recorded to the nearest 0.1 cm. As the measurements

were taken over light clothing, participants were asked to

remove tight or loose garments and belts intended to alter

the shape of the body, and the person performing the

measurement inspected the tension of the tape on the

subject’s body to ensure that it had the proper tension (not

too loose or too tight). The narrowest waist is easy to

identify in most subjects. However, for some subjects there

is no single narrowest waist because of either a large

amount of abdominal fat or extreme thinness25. In the

present study, when the narrowest point of waist was

difficult to identify (particularly in obese subjects), we

measured waist circumference immediately below the end

of the lowest rib, because in most subjects the narrowest

waist is at the lowest rib25. WHR was calculated as WC

divided by hip circumference, and WHtR as WC divided by

height. To reduce subjective error all measurements were

taken by the same person.

To evaluate blood pressure participants were initially

made to rest for 15 min. Then a qualified physician

measured blood pressure two times during physical

examinations in a seated position after one initial

measurement for determining peak inflation level using

a standard mercury sphygmomanometer. On the basis of

the circumference of the participant’s arm, a regular adult

or large cuff was chosen. The cuff was placed on the

participant’s right arm, at the heart level, and inflated at as

high an increment rate as possible, until the cuff pressure

was 30 mmHg above the level at which the radial pulse

disappeared. There was an interval of at least 30 s between

these two separate measurements, and thereafter the

mean of the two measurements was considered as the

participant’s blood pressure. The systolic blood pressure

was defined as the appearance of the first sound

(Korotkoff phase 1) and diastolic blood pressure was

defined as the disappearance of the sound (Korotkoff

phase 5) during deflation of the cuff at a 2–3 mm s21

decrement rate of the mercury column. Before measuring

blood pressure the participant was questioned about

drinking tea or coffee, physical activity, smoking and full

bladder.

For each study participant, a blood sample was drawn

into a Vacutainer tube between 07.00 and 09.00 hours after

12–14 h overnight fasting. Blood samples were taken in a

sitting position according to the standard protocol and

centrifuged within 30–45 min of collection. All blood lipid

analyses were done at the TLGS research laboratory on the

day of blood collection. The analysis of samples was

performed using a Selectra 2 auto-analyser (Vital Scientific,

Spankeren, The Netherlands). A 75-g oral glucose

tolerance test was administered and plasma glucose

concentration was measured 2 h post-challenge (2-h PG).

Fasting plasma glucose (FPG) was measured on the day of

blood collection by an enzymatic colorimetric method

using glucose oxidase. Total cholesterol (TC) and

triglycerides (TG) were assayed by enzymatic colorimetric
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tests with cholesterol esterase and cholesterol oxidase and

glycerol phosphate oxidase, respectively, using kits from

Pars Azmoon Inc. (Iran). High-density lipoprotein

cholesterol (HDL-C) was measured after precipitation

of the apolipoprotein B-containing lipoproteins with

phosphotungstic acid. Low-density lipoprotein cholesterol

(LDL-C) was calculated from serum TC, TG and HDL-C

using the Friedewald formula26. It was not calculated

when TG concentration was greater than 400 mg dl21.

Assay performance was monitored once every 20 tests

interval using the lipid control serum, ‘Percinorm’ (normal

range) or ‘Percipath’ (pathologic range) as applicable

(catalogue no. 1446070 and 171778, respectively;

Boehringer Mannheim, Germany). Lipid standard (CFAS,

catalogue no. 759350; Boehringer Mannheim) was used to

calibrate the Selectra 2 auto-analyser for each day of

laboratory analyses. All samples were analysed when

internal quality control met the acceptance criteria. Inter-

and intra-assay coefficients of variation were 2.0 and 0.5%

for TC and 1.6 and 0.6% for TG, respectively.

Definition of terms

Cut-off points used for BMI, WHR, WHtR and WC were

25 kg m22, 0.8, 0.5 and 80 cm, respectively7,16. Dyslipidae-

mia was defined based on the third report of the National

Cholesterol Education Program Expert Panel27 as TC

$240 mg dl21 or LDL-C $160 mg dl21 or HDL-C

,40 mg dl21 or serum TG $200 mg dl21. Hypertension

was defined as systolic blood pressure $140 mmHg or

diastolic blood pressure $90 mmHg or current use of

antihypertensive medication based on the sixth report of

the Joint National Committee on Prevention, Detection,

Evaluation and Treatment of High Blood Pressure28.

Diabetes mellitus was defined29 as FPG $126 mg dl21 or

2-h PG $200 mg dl21. The presence of ‘at least one risk

factor’ of the three major risk factors for CVD (hyperten-

sion, dyslipidaemia and diabetes) was also evaluated.

Statistical methods

All data were analysed using SPSS version 9.09 (SPSS

Inc., Chicago, IL, USA). Subjects were divided into two

age categories: 18–39 and 40–74 years. We used

histogram and P–P plots to determine whether the

variables were normally distributed. Because all

variables had a normal distribution in our population,

we used parametric tests in our analysis. Comparison of

age, anthropometric indicators, biochemical indices and

blood pressure in these two age categories was

performed using Student’s t-test. In order to overcome

the possible bias associated with the use of cut-off

values, linear regressions were performed by using risk

factors as the dependent variables, and age and each of

the anthropometric measures as the independent

variables, in separate models. All anthropometric

measures were not included simultaneously in these

models to avoid collinearity that these independent

variables may have. Logistic regression was used for

each risk factor to determine the associations between

obesity indicators and CVD risk factors. An odds ratio

with a 95% confidence interval that did not include the

value of 1.0 in its range was considered statistically

significant. All anthropometric measures were included

simultaneously in these models and confounding

variables such as age (years), physical activity (light,

moderate, severe), smoking (daily smokers, ex-smokers,

occasional smokers and non-smokers) and educational

level (low, moderate, high) were considered as

covariates. McNemar’s chi-square statistic was used to

determine whether significant differences were present

between any two of the four anthropometric measures

in terms of accuracy in classifying individuals according

to the presence/absence of risk factors.

Results

Mean (^standard deviation (SD)) age of the women was

39.9 ^ 14.6 years. Mean (^SD) BMI and WC were

27.1 ^ 1.5 kg m22 and 86.5 ^ 13.5 cm, and mean (^SD)

WHR and WHtR were 0.83 ^ 0.08 and 0.55 ^ 0.08,

respectively. All anthropometric measures were higher

for the 40–74 year age category than for the 18–39 year

age group. Older subjects (40–74 years) had higher blood

pressure and lipid profiles than the 18–39-year-olds,

except for HDL-C level, which was similar in both age

categories (Table 1).

Prevalence of cardiovascular risk factors and the

proportion of women who had abnormal BMI, WC,

WHR and WHtR are presented in Fig. 1. Hypertension and

diabetes were seen in 22% and 7% of subjects,

respectively. The prevalence of dyslipidaemia and ‘at

least one risk factor’ was 64% and 68%, respectively. Sixty-

five per cent of subjects had BMI $25 kg m22 and 69% had

WC $80 cm. The proportion of women with WHR $0.8

and WHtR $0.5 was 64% and 63%, respectively.

Cardiovascular risk factors were more prevalent in the

40–74 year age category than in the 18–39 year age

category in all cases.

The results of entering anthropometric measures in

regression models when predicting cardiovascular risk

factors after adjustment for age are shown in Table 2. All

anthropometric indicators contributed to various cardio-

vascular risk factors. The associations were negative for

HDL-C and positive for the other risk factors.

Multivariate-adjusted odds ratios for the presence

of cardiovascular risk factors according to anthropometric

measures are presented in Table 3. After controlling for

potential confounding variables, subjects with abnormal

anthropometric measures had higher odds for having

cardiovascular risk factors. However, the association

between WHR and hypertension, BMI and diabetes,

WHtR and diabetes, WHtR and dyslipidaemia, and WHtR

and at least one risk factor, was not significant.
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A comparison of sensitivity and specificity of the four

anthropometric indicators is presented in Table 4. Of the

four indicators, WC had the highest sensitivity and

specificity in the two age categories of 18–39 years and

40–74 years as well as for all subjects combined, except

for dyslipidaemia in all subjects where BMI and WHR had

higher specificity than WC. WC also had the highest

sensitivity and specificity for diabetes and ‘at least one risk

factor’. Sensitivity of the anthropometric indicators’ cut-off

points increased and specificity decreased with age from

the 18–39 year age category to the 40–74 year age

category for all risk factors.

Comparison of anthropometric measures with respect

to their ability to predict the presence/absence of ‘at least

one risk factor’ is shown in Table 5. Because the same

results were obtained for both age categories of 18–39 and

40–74 years, we present findings only for all subjects

combined. Cut-off points of WC are seen to have a higher

percentage of correct prediction than BMI, WHR and

WHtR. There was a significant difference between the

percentage of individuals whose risk factor status was

correctly predicted using WC (but not so using BMI) and

the percentage of individuals whose risk factor status was

correctly predicted using BMI (but not so using WC)

(P , 0.001). Similarly, significant differences were seen

between WC and WHR (P , 0.001) and also between WC

and WHtR (P , 0.01) and between WHR and WHtR

(P , 0.001). The findings for the other risk factors

investigated (data not shown) were the same as those

for ‘at least one risk factor’.

Discussion

This is the first study that has attempted to comparatively

evaluate WC, BMI, WHR and WHtR as indicators of

cardiovascular risk factors in an urban adult population of

Tehranian women. The findings showed WC to be the best

anthropometric measure to use in identifying individuals

with risk factors for CVD. This was reflected in the

comparison of the accuracy of the cut-off points in risk

factor prediction.

WC has been recognised as a good measure of

abdominal fat and particularly the more metabolically

active intra-abdominal fat15,30. The deposition of abdomi-

nal visceral adipose tissue is associated with an increase in

portal free fatty acid concentration, which leads to plasma

disturbances such as hyperinsulinaemia15,31, which could

be the basis for other cardiovascular risk factors32.

The findings of the present study concur with previous

studies in concluding that WC is probably the best single

anthropometric measure to use in identifying individuals

with cardiovascular risk factors. In a cross-sectional study

conducted on 9019 participants (including 4631 women)

of the Third National Health and Nutrition Examination

Survey (NHANES III), Zhu et al.33 showed that WC –

measured in the horizontal plane at a point marked just

above the right ilium on the midaxillary line – is more

closely linked to CVD risk factors than is BMI in both men

and women. The same result has been reported from

China in a cross-sectional study on postmenopausal

Chinese women34. Dobbelsteyn et al.16 showed in the

Canadian Heart Health Survey that WC – measured at the

level of noticeable waist narrowing – has more accuracy

than BMI and WHR to predict CVD risk factors in

men and women. Other investigators also reported

such findings exclusively in women17,35,36, whereas

WHtR in some communities37,38 and WHR in others39,40

have been suggested as better screening measures for

cardiovascular risk factors. Different sites for waist

measurement41, racial differences between different

Fig. 1 (a) Prevalence of risk factors for cardiovascular disease
(HTN – hypertension; DM – diabetes; DL – dyslipidaemia;
ALORF – at least one risk factor) and (b) the proportion of
women who had abnormal body mass index (BMI), waist circum-
ference (WC), waist-to-hip ratio (WHR) and waist-to-height ratio
(WHtR). Hypertension and diabetes were seen in 22% and 7% of
subjects, respectively. The prevalence of dyslipidaemia and ‘at
least one risk factor’ was 64% and 68%, respectively. Sixty-five
per cent of subjects had BMI $25 kg m22 and 69% had WC
$80 cm. The proportion of women with WHR $0.8 and WHtR
$0.5 was 64% and 63%, respectively. Cardiovascular risk factors
were more prevalent in the 40–74 year age category than in the
18–39 year age category in all cases

A Esmaillzadeh et al.64

https://doi.org/10.1079/PHN2005833 Published online by Cambridge University Press

https://doi.org/10.1079/PHN2005833


communities42 and differences in the BMI and age range43

of subjects studied could lead to different findings. Using

different cut-off points of anthropometric measures and

different definitions for cardiovascular risk factors could

also be the origin of discrepancy in findings.

The WC measure has several advantages over other

anthropometric indicators. Of primary importance is the

simplicity with which it may be used in a clinical setting

and the ease of interpretation. It requires only the use of a

tape measure, alleviating the expense of the equipment

Table 2 Contributions of anthropometric measures to cardiovascular disease risk factors in Tehranian adult women;
Tehran Lipid and Glucose Study

Variable BMI WC WHR WHtR

FPG 0.248 ^ 0.087* 0.279 ^ 0.037 0.217 ^ 0.051 0.245 ^ 0.057
TC 0.583 ^ 0.046 1.46 ^ 0.108 0.543 ^ 0.072 0.981 ^ 0.071
TG 2.72 ^ 0.121 3.69 ^ 0.186 2.23 ^ 0.123 2.72 ^ 0.121
HDL-C 20.229 ^ 0.030 20.309 ^ 0.013 20.241 ^ 0.019 20.161 ^ 0.020
LDL-C 0.666 ^ 0.064 1.03 ^ 0.097 0.338 ^ 0.064 0.397 ^ 0.041
SBP 0.404 ^ 0.029 0.606 ^ 0.044 0.265 ^ 0.029 0.249 ^ 0.019
DBP 0.344 ^ 0.017 0.617 ^ 0.026 0.164 ^ 0.080 0.223 ^ 0.011

BMI – body mass index; WC – waist circumference; WHR – waist-to-hip ratio; WHtR – waist-to-height ratio; FPG – fasting plasma
glucose; TC – total cholesterol; TG – triglycerides; HDL-C – high-density lipoprotein cholesterol; LDL-C – low-density lipoprotein
cholesterol; SBP – systolic blood pressure; DBP – diastolic blood pressure.
* Data are presented as b ^ standard error of the mean. All values are significant at P , 0.05.

Table 3 Multivariate-adjusted odds ratios for the presence of cardiovascular disease risk factors according to anthro-
pometric measures in Tehranian adult women; Tehran Lipid and Glucose Study

Variable Hypertension* Diabetes* Dyslipidaemia* At least one risk factor†

BMI $25 kg m22 1.6 (1.3–2.0)‡ 0.8 (0.6–1.3) 1.5 (1.2–1.9) 1.7 (1.3–2.0)
BMI $30 kg m22 2.0 (1.7–2.3) 1.1 (0.9–1.4) 1.9 (1.6–2.6) 2.3 (1.9–2.8)
WC $80 cm 2.2 (1.5–2.9) 2.7 (1.8–3.4) 1.9 (1.6–2.4) 1.9 (1.4–2.3)
WHR $0.8 1.1 (0.90–1.6) 2.1 (1.2–4.0) 1.2 (1.0–1.6) 1.3 (1.0–1.5)
WHtR $0.5 1.7 (1.1–2.6) 1.2 (0.5–2.5) 1.2 (0.8–1.6) 1.2 (0.7–1.4)

BMI – body mass index; WC –waist circumference; WHR – waist-to-hip ratio; WHtR – waist-to-height ratio.
* Hypertension was defined as systolic blood pressure $140 mmHg or diastolic blood pressure $90 mmHg or current use of anti-
hypertensive medication; diabetes was defined as fasting plasma glucose $126 mg dl21 or 2-hour plasma glucose $200 mg dl21;
dyslipidaemia was considered as having total cholesterol $240 mg dl21 or triglycerides $200 mg dl21 or high-density lipoprotein
cholesterol ,40 mg dl21 or low-density lipoprotein cholesterol $160 mg dl21.
† Risk factors include hypertension, diabetes and dyslipidaemia.
‡ Data are presented as odds ratio adjusted for age, physical activity, smoking, education level and mutual effects of anthropometric
measures, with 95% confidence interval in parentheses.

Table 1 Age, anthropometric indicators, biochemical indices and blood pressure in Tehranian women, Tehran Lipid and Glucose Study

Age group

Variable 18–39 years (n ¼ 2734) 40–74 years (n ¼ 2339) All participants (n ¼ 5073)

Age (years) 28.3 ^ 6.4 (18–39)* 53.1 ^ 8.9 (40–74)† 39.9 ^ 14.6 (18–74)
BMI (kg m22) 25.3 ^ 4.8 (17–46) 29.2 ^ 4.6 (18–46)† 27.1 ^ 5.1 (17–46)
WC (cm) 80.6 ^ 11.6 (52–131) 93.4 ^ 11.3 (61–146)† 86.5 ^ 13.1(52–146)
WHR 0.79 ^ 0.07 (0.57–1.07) 0.88 ^ 0.07 (0.59–1.18)† 0.83 ^ 0.08 (0.57–1.18)
WHtR 0.50 ^ 0.07 (0.30–0.79) 0.60 ^ 0.07 (0.37–0.86)† 0.55 ^ 0.08 (0.30–0.86)
Total cholesterol (mg dl21) 187 ^ 63 (87–419) 232 ^ 46 (100–389)† 208 ^ 47 (87–419)
Serum triglycerides (mg dl21) 118 ^ 37 (80–393) 178 ^ 77 (63–385)† 146 ^ 76 (63–393)
HDL-C (mg dl21) 45 ^ 11 (18–93) 45 ^ 11 (20–110)† 45 ^ 11 (18–110)
LDL-C (mg dl21) 118 ^ 33 (76–335) 151 ^ 40 (56–326)† 133 ^ 40 (56–335)
Plasma glucose (mg dl21) 88 ^ 15 (65–214) 107 ^ 43 (61–323)† 97 ^ 33 (61–323)
Systolic blood pressure (mmHg) 109 ^ 11 (71–163) 128 ^ 22 (83–198)† 118 ^ 19 (71–198)
Diastolic blood pressure (mmHg) 74 ^ 9 (68–119) 81 ^ 11 (60–131)† 77 ^ 11 (60–131)

BMI – body mass index; WC – waist circumference; WHR – waist-to-hip ratio; WHtR – waist-to-height ratio; HDL-C – high-density lipoprotein cholesterol;
LDL-C – low-density lipoprotein cholesterol.
* Data are presented as mean ^ standard deviation with range in parentheses.
† Significant difference compared with the age category of 18–39 years (Student’s t-test): P , 0.01.
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and space needed to measure height and weight. By

requiring a single measurement opposed to the ratio of

two measures, it is less susceptible to measurement and

calculation errors. There are a number of problems

inherent in the use of a ratio indicator, including statistical

limitations44 and biological interpretation19. WC relates

closely to intra-abdominal fat mass45 and changes in WC

reflect changes in cardiovascular risk factors9. Previous

studies found large WC to be strongly associated with risk

factors for the insulin resistance syndrome46 and breast

cancer in women47, suggesting that WC may have wider

value as a measure of total health risks.

There are several points that should be considered

when examining the results of this study. The site of waist

measurement in this study was the point of noticeable

waist narrowing, which may have resulted in lower WC

values than might be obtained using other common sites

of measurement. While the WHO Expert Committee7 on

Physical Status recommends measurement midway

between the lower rib and the iliac crest, the NHANES

III guidelines48 prescribe use of a point just above the right

ileum, and the recommendation of the North American

Association for the Study of Obesity and the National

Heart, Lung, and Blood Institute49 is to use the right iliac

crest. The lack of standard measurement for WC is

unfortunate, and makes comparison with other studies

difficult. It is believed that the use of narrowest waist

measurement offers greater ease of acceptance and

Table 4 Sensitivity and specificity of anthropometric measures to predict cardiovascular disease risk factors in Tehranian adult women;
Tehran Lipid and Glucose Study

Hypertension* Diabetes* Dyslipidemia* At least one risk factor†

Variable Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity

18–39 years
BMI $25 kg m22 83 53 84 51 65 65 62 60
WC $80 cm 89 58 90 58 73 68 68 68
WHR $0.8 68 56 86 53 58 66 55 65
WHtR $0.5 84 50 84 50 68 60 64 64

40–74 years
BMI $25 kg m22 86 22 82 25 84 26 83 29
WC $80 cm 95 28 97 33 96 28 92 35
WHR $0.8 90 20 90 18 87 23 86 30
WHtR $0.5 91 13 92 10 92 18 88 23

All participants
BMI $25 kg m22 86 42 83 40 76 56 75 56
WC $80 cm 91 47 94 47 83 51 83 66
WHR $0.8 87 43 89 39 76 56 74 59
WHtR $0.5 89 36 90 33 81 51 78 58

BMI – body mass index; WC – waist circumference; WHR – waist-to-hip ratio; WHtR – waist-to-height ratio.
* Hypertension was defined as systolic blood pressure $140 mmHg or diastolic blood pressure $90 mmHg or current use of antihypertensive medication;
diabetes was defined as fasting plasma glucose $126 mg dl21 or 2-hour plasma glucose $200 mg dl21; dyslipidaemia was considered as having total
cholesterol $240 mg dl21 or triglycerides $200 mg dl21 or high-density lipoprotein cholesterol ,40 mg dl21 or low-density lipoprotein cholesterol
$160 mg dl21.
† Risk factors include hypertension, diabetes and dyslipidaemia.

Table 5 Comparison of anthropometric measures for predicting ‘at least one risk factor’ in Tehranian women; Tehran Lipid and Glucose
Study*

Percentage of individuals identified with risk factor by:
Measures
compared

P-value (McNemar
chi-square statistic)

Second measure
only (%)†

First measure
only (%)‡

Neither measure
(%)§

Both measures
(%){ Second First

0.001 11 5 13 71 WCk BMIk
0.54 12 13 12 63 WHRk BMI
0.21 8 6 13 73 WHtRk BMI
0.001 4 9 15 72 WHR WC
0.01 1 4 15 80 WHtR WC
0.001 10 3 14 73 WHtR WHR

WC – waist circumference; WHR – waist-to-hip ratio; WHtR – waist-to-height ratio; BMI – body mass index.
* Risk factors include hypertension, diabetes and dyslipidaemia.
† Cell values represent the percentage of individuals who were accurately identified by the second measure only.
‡ Cell values represent the percentage of individuals who were accurately identified by the first measure only.
§ Cell values represent the percentage of individuals who were not accurately identified by either measure.
{Cell values represent the percentage of individuals who were accurately identified by both measures.
kCut-off points of WC, BMI, WHR and WHtR were considered as 80 cm, 25 kg m22, 0.8 and 0.5, respectively.
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interpretation by the public and may facilitate self-

measurement in addition to clinical use. On the other

hand, it should be kept in mind that the optimal values of

WC are age-dependent and no single cut-off point of WC is

optimal for all ages and for different cardiovascular risk

factors. For practical reasons, the value of 90 cm for men

and 80 cm for women may be the best measures to use for

the population at large and in a clinical setting16. The

principal limitation of this study was the use of cross-

sectional data to compare the ability of anthropometric

indices to predict CVD risk factors. Future studies using

longitudinal data will provide stronger evidence on this

evaluation. Sensitivity and specificity, although not

affected by the prevalence of CVD risk factors, are

influenced by parameters used in the definitions of the

CVD risk factors (such as dyslipidaemia). Some accuracy

may be lost in the determination of McNemar’s chi-square

statistic for comparison of the predictive ability of the

various anthropometric measures. Unfortunately, data on

income have not been gathered in the TLGS. This could

confound the relationships reported. Chronic diseases are

heterogeneous and multifactorial and, besides anthropo-

metric measurements, other factors such as hereditary and

lifestyle-related factors must be considered. On the other

hand, CVD risk factors are interrelated and this could

confound the relationship of anthropometry and these risk

factors. The strength of this study is using a population-

representative sample of our country to compare the

predictive ability of WC, WHR, WHtR and BMI. This

enhances the validity of our findings. However, no data

are available regarding Iranians who have emigrated, and

it is recommended to conduct similar studies on Iranians

who have emigrated. Regarding Iranian men, we showed

previously that WHR was a better indicator of CVD risk

factors50. This gender discrepancy may be explained by

the fact that women have a higher percentage of body fat

than men at a given WC51. Despite these discrepancies the

overall message remains similar: that preferential abdomi-

nal fat accumulation is detrimental to human health.

Given the aforementioned limitations, it is concluded

that, compared with BMI, WHR and WHtR, WC may be a

better indicator of cardiovascular risk factors in Tehranian

adult women. This finding underscores the inclusion of

the measurement of WC in clinical examinations. Although

this study was performed on a sample of Asian women for

whom there is a scarcity of reports, it should be considered

that the characteristics of this sample may not be

comparable to those of other populations of Asian

women. Thus extrapolation of the findings should be

done with extreme caution.
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