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AbstrAct

background: South Asians show an elevated cardiometabolic risk compared to 
Caucasians. They are clinically metabolically obese but are considered normal 
weight based on current international cut-off levels of several anthropometric 
indices. This study has two main objectives: (i) to predict the most sensitive 
anthropometric measures for commonly studied cardiometabolic risk factors, and 
(ii) to determine optimal cut-off levels of each of the anthropometric indices in 
relation to these cardiometabolic risk factors in South Asians.

Methods: The study was conducted on a random sample of 1178 adults of 20–80 
years of age from an urban population of eastern India. Obesity, as evaluated 
by standard anthropometric indices of BMI (body mass index), WC (waist 
circumference), WHpR (waist-to-hip ratio) and WHtR (waist-to-height ratio), 
was individually correlated with cardiometabolic risk factors. Receiver operating 
characteristic (ROC) curve analyses were performed which includes: (i) the area 
under the receiver operating characteristic curve (AUROC) analysis to assess 
the predictive validity of each cardiometabolic risk factor; and (ii) Youden index to 
determine optimal cut-off levels of each of the anthropometric indices.

results: Overall, AUROC values for WHtR were the highest, but showed 
variations within the sexes for each of the cardiometabolic risk factors studied. 
Further, WHpR cut-offs were higher for men (0.93–0.95) than women (0.85–0.88). 
WC cut-offs were 84.5–89.5 cm in men and 77.5–82.0 cm in women. For both 
sexes the optimal WHtR cut-off value was 0.51–0.55. The optimal BMI cut-offs 
were 23.4–24.2 kg/m2 in men and 23.6–25.3 kg/m2 in women. 

conclusion: WHtR may be a better anthropometric marker of cardiometabolic 
risks in South Asian adults than BMI, WC or WHpR.

Key words: obesity, abdominal obesity, BMI, waist circumference, waist-to-height 
ratio, South Asians, Asian Indians.

InTRODucTIOn

The prevalence of overweight and obesity has been rapidly 
increasing in countries of the South Asian region, with adverse 
consequences on health.1-3 But there is a dearth of accurate 
nationwide data from these countries.4 Various anthropometric 
indices such as body mass index (BMI), waist circumference 
(WC), waist-to-hip ratio (WHpR), and waist-to-height ratio 
(WHtR) are often used to evaluate adiposity levels.5 Both 
general and abdominal obesity have been associated with 
several cardiometabolic abnormalities. However, studies show 
potential ethnic differences in such associations.6,7

Most studies examining obesity with cardiovascular risk have 
been based on data from high-income countries. For example, 
several epidemiological studies of South Asian populations 
have shown that they have higher levels of body fat content for 
a given BMI and WC than western populations, thus resulting 
in an increased cardiometabolic risk at a lower BMI level.8,9 
However, the prevalence of overweight and obesity is based 
on World Health Organization (WHO) criteria for Caucasian 
populations, based on high sensitivity and specificity profiles 
against cut-off values of BMI (25 kg/m² for overweight and 
30 kg/m² for obesity) and WHpR (0.95 for men and 0.80 for 
women) for both categories in adult European populations. 
Moreover, these BMI limits, against which the waist 
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circumference sensitivity and specificity information were 
calculated, have been shown to underestimate the true burden 
of obesity in South Asian populations for whom lower cut-offs 
are proposed (BMI ≥ 23 kg/m² for overweight and ≥ 25 kg/m² 
for obesity).8,9

It is well known that obesity is associated with diabetes 
mellitus, hypertension, dyslipidemia, and cardiovascular 
disease (CVD).10 Epidemiological surveys use BMI as an 
indicator of generalized obesity and WC, WHpR or WHtR as a 
measure of central, or abdominal obesity. Abdominal obesity, 
which suggests unwarranted deposition of intra-abdominal fat, 
is a significant predictor of cardiometabolic risk. WC has been 
proposed as an easy measure for both intra-abdominal fat mass 
and total fat. However, a limitation is that WC measurement 
does not take into account differences in body height, and hence 
the WHtR value is preferred as a predictor of cardiometabolic 
risk factors.11-13

Controversy remains regarding the best anthropometric 
indices for CVD risk. There is ongoing debate regarding which 
adiposity measure best represents health risks associated with 
excess body weight both at individual and community level.14 
Even though BMI is the most commonly used index, it does 
not correspond to fatness uniformly in all populations, and 
inter-ethnic extrapolations are not possible.15

This study had two main objectives: (i) to predict the most 
sensitive anthropometric measure for commonly studied 
cardiometabolic risk factors; and (ii) to determine the optimal 
cut-off levels of each anthropometric index in relation to these 
cardiometabolic risk factors in South Asians.

mETHODs

study design and sampling method

This epidemiological, population-based study was conducted 
in Berhampur city of Odisha state in eastern India. Based on 
an estimated prevalence (p) of hypertension of 25% with an 
allowable error (L) of 10%, the sample size was calculated 
as 1200 by use of the formula n=4pq/L2, where q = 100 – p. 
Details of the survey methodology are published elsewhere.16 
The sample was obtained by means of a multi-stage random 
sampling technique among residents of Berhampur Municipal 
Corporation spread across 37 electoral wards, of which 30 
were chosen at random to spot the sampling unit: a household. 
Each ward of the city comprises 12–14 streets and each street 
contains two rows of households. Two rows of households 
were randomly selected and the sampling unit household was 
selected by simple random sampling to enrol approximately 40 
subjects who were ≥ 20 years of age from each ward. Of the 
1200 subjects invited to participate in the study, 1178 subjects 
≥ 20 years of age were enrolled.

The study proposal was in line with the Indian Council of 
Medical Research guidelines on bioethics,17 and was approved 
by the institutional review board of the Kalinga Institute of 
Medical Sciences, Bhubaneswar, Odisha. Written informed 
consent was obtained from all subjects.

Definitions of cardiovascular risk factors used

Diabetes mellitus and intermediate hyperglycaemia: based on 
WHO/IDF Consultation. Geneva: World Health Organization; 
2006.18,19

Diabetes: based on physician diagnosis and antidiabetic 
treatment or those who had fasting plasma glucose level of ≥ 
≥ 126 mg/dl (≥ 7.0 mmol/L) or 2-h plasma glucose ≥ 200 mg/
dL (11.1 mmol/L).18,19

Obesity and overweight: based on the revised criteria specific 
for Asian/Pacific populations.8 Value of BMI ≥ 23 kg/m² used 
to define overweight and ≥ 25 kg/m² to define obese.20

Hypertension: based on physician diagnosis and 
antihypertensive treatment or systolic blood pressure ≥ 140 or 
diastolic blood pressure ≥ 90 mmHg.21,22

Dyslipidemia: based on the Third Report of the 
National Cholesterol Education Program (NCEP).23 
Hypercholesterolemia: serum cholesterol > 200 mg/dL; 
hypertriglyceridemia: serum triglycerides > 150 mg/dL; low 
high-density lipoprotein cholesterol (HDLC): males ≤ 40 mg/
dL, females ≤ 50 mg/dL.

Metabolic syndrome: We followed a recent unified definition 
of various international medical bodies.24,25

The presence of any three of the following five conditions 
was essential: waist circumference ≥ 90 cm for males and 
≥ 80 cm for females; hypertriglyceridemia ≥ 150 mg/dL; low 
HDL (males < 40 mg/dL, females < 50 mg/dL); elevated blood 
pressure (systolic blood pressure ≥ 130 mmHg and/or diastolic 
blood pressure ≥ 85 mmHg or drug treatment for hypertension) 
and elevated blood sugar (fasting blood sugar ≥ 100 mg/dL or 
drug treatment for diabetes mellitus).

Clinical profile and anthropometric measurements: All 
relevant individual-level data pertaining to blood pressure 
and anthropometric parameters (height, weight, and waist and 
hip circumferences) available to the study were abstracted.16 
Details of these clinical and anthropometric measurements 
were published earlier.16

Biochemical measurements: Fasting blood glucose levels and 
lipid profiles, total cholesterol (TC), triglycerides (TG), and 
HDLC were estimated or measured according to previously 
described methods.16 Low-density lipoprotein cholesterol 
(LDLC) levels were calculated using the Friedewald formula.26

Statistical analysis: Data were analysed using SPSS for 
Windows (SPSS, Inc, Chicago IL, USA). Continuous 
variables were expressed as mean, and categorical variables 
were expressed as frequencies and proportions. Comparisons 
between groups were performed using the Student’s t-test for 
continuous variables and the chi-square test for categorical 
data. P < 0.05 was considered to be statistically significant. 
Pearson’s correlation coefficient estimations were computed 
to quantify correlations between anthropometric indices and 
cardiometabolic risk factors.
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Further receiver operating characteristic (ROC) curve 
analyses were performed to compare predictive validity and to 
determine optimal cut-off levels for each of the anthropometric 
indices against the cardiometabolic risk factors. The predictive 
validity was assessed using the area under the ROC curve 
(AUROC), while the optimal cut-off levels were determined 
using the Youden Index.27 AUROC were plotted using 
measures of sensitivity (true-positive rate) on the y-axis against 
1-specificity (true-negative rate) on the x-axis. In general the 
discriminatory power of a diagnostic test is established by 
AUROC over the whole range of testing values. AUROC is 
a measure of the diagnostic power of a test. A perfect test will 
have an AUROC of 1.0, and an AUROC equal to 0.5 means 
the test is a poor discriminator. The Youden index intuitively 
corresponds to the point on the curve farthest from chance.27

REsuLTs

Basic characteristics of the study subjects
The characteristics of the study population and the prevalence 
of CVD risk factors, stratified by gender, are shown in Table 1. 
The mean age of the study population was 47.6 years in men 
and 44.2 years in women. The mean BMI was 24.1 kg/m² in 
men and 25.0 kg/m² in women. The mean WC, WHpR and 
WHtR in men were 86.4, 0.93 and 0.53 cm respectively. For 
women, the values were 81.2, 0.87 and 0.54 cm, respectively.

correlations between anthropometric 
indices and cardiovascular risk factors
Pearson’s correlation coefficients, as measured among the 
anthropometric indices and CVD risk factors, are shown in 
Table 2. In general, WHtR has relatively higher correlation 
coefficients with cardiovascular risk factors analysed for 
both men and women, except for LDLC compared with other 
anthropometric indices.

Overall AuROc curve results

The AUROC curves of various anthropometric indices and 
CVD risk factors are shown in Table 3. Overall, WHtR had 
highest AUROC for all the cardiovascular risk factors studied, 
although there were variations between men and women.

cut-off points to predict cVD risk factors
Table 4 summarizes the cut-off points for the various 
anthropometric indices to predict CVD risk factors using 
AUROC analysis. The ROC curves in Figures 1–6 show the 
AUROC from which the values in Table 4 were derived. The 
optimal BMI cut-off values for men were 23.4–24.2 kg/m2, 
while the range for women was wider at 23.6–25.3 kg/m2. 
WC cut-off values were higher for men (84.5–89.5 cm) than 
women (77.5–82.0 cm). WHpR cut-offs were also higher for 
men (0.93–0.95) than women (0.85–0.88). For both sexes the 
optimal WHtR cut-off value was 0.51–0.55, i.e. WHtR > 0.5 
correlated well with cardiometabolic risk parameters.

DIscussIOn

main findings

Based on the two primary study objectives, the following are 
the main study findings.

First, WHtR may be considered the most sensitive 
anthropometric index for the several cardiometabolic risk 
factors under investigation in an urban population in eastern 
India. However, variations within sexes – e.g. WC for 
triglycerides in men and for hypertension in women – were 
observed. Such analyses were based on the AUROC outputs 
(Table 3). Second, this study identified optimal cut-off levels for 
each anthropometric index against individual cardiometabolic 
risk factors. In general in both sexes, lower cut-off levels were 
determined to be optimal for BMI and WC, while relatively 
higher cut-off levels were found to be optimal for WHtR and 

table 1: Demographic and anthropometric/biochemical 
profile
Variables 
(mean ± sD or % (n))

Males 
n=590

Females 
n=588

P-value

Age group (years) 47.6 ± 14.4 44.2 ± 13.2 < 0.001**
Height (metres) 1.6 ± 0.1 1.5 ± 0.06 < 0.001**
Weight (kg) 64.0 ± 11.2 56.2 ± 11.3 < 0.001**
BMI (kg/m2) 24.1 ± 3.8 25.0 ± 4.79 < 0.001**
WC (cm) 86.4 ± 11.6 81.2 ± 12.4 < 0.001**
HC (cm) 92.2 ± 9.2 93.1 ± 11.3 0.148
WHpR 0.93 ± 0.08 0.87 ± 0.08 < 0.001**
WHtR 0.53 ± 0.07 0.54 ± 0.08 0.015*
SBP (mmHg) 133.4 ± 14.2 130.3 ± 14.5 < 0.001**
DBP (mmHg) 84.6 ± 8.2 83.5 ± 8.7 0.018*
FBS (mg/dL) 98.8 ± 36.8 95.3 ± 34.4 0.103
PGBS (mg/dL) 140.7 ± 59.9 133.8 ± 53.7 0.037*
TC (mg/dL) 182.3 ± 33.8 181.3 ± 36.3 0.633
TG (mg/dL) 162.5 ± 67.4 152.9 ± 51.8 0.006*
LDLC (mg/dL) 103.7 ± 30.1 104.4 ± 31.8 0.717
HDLC (mg/dL) 46.0 ± 4.5 46.2 ± 4.3 0.412
Diabetes mellitus (% (n)) 17.8 (105) 13.6 (80) 0.048*
Hypertension (% (n)) 38.5 (227) 34.7 (204) 0.178
High TC (% (n)) 21.7 (128) 24.7 (145) 0.228
High TG (% (n)) 39.3 (232) 36.1 (212) 0.247 
Low HDLC (% (n)) 9.5 (56) 84.5 (497) < 0.001**
Overweight (% (n)) 21.4 (126) 15.5 (91) 0.009*
Obesity (% (n)) 39.7 (234) 48.0 (282) 0.004*
Metabolic syndrome 34.2 (202) 52.2 (307) < 0.001*

**P < 0.001; *P < 0.05: values are expressed as 
mean standard deviation (SD) or % (n).

BMI: body mass index; DBP: diastolic blood pressure; FBS: 
fasting blood sugar; HC: hip circumference; HDLC: high-density 
lipoprotein cholesterol; LDLC: low-density lipoprotein cholesterol; 
PGBS: postglucose blood sugar; SBP: systolic blood pressure; 
TC: total cholesterol; TG: triglycerides; WC: waist circumference; 
WHpR: waist-to-hip ratio; WHtR: waist-to-height ratio.
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Table 2: Pearson’s correlation coefficients of anthropometric indices and cardiovascular risk factors
Men (n=590) Women (n=588)

bMI Wc WHpr WHtr bMI Wc WHpr WHtr
SBP (mmHg) 0.324 0.348 0.260 0.362 0.364 0.366 0.163 0.395
DBP (mmHg) 0.282 0.321 0.248 0.330 0.327 0.348 0.143 0.369
FBS (mg/dL) 0.111 0.162 0.120 0.182 0.247 0.320 0.215 0.348
PGBS (mdL) 0.116 0.175 0.139 0.193 0.252 0.317 0.218 0.347
TC (mg/dL) 0.126 0.173 0.109 0.160 0.210 0.169 0.053 0.179
LDLC (mg/dL) 0.093 0.093 0.033 0.085 0.149 0.098 0.017 0.104
TG (mg/dL) 0.163 0.269 0.218 0.258 0.279 0.297 0.157 0.323
HDLC (mg/dL) –0.108 –0.126 –0.058 –0.146 –0.071 –0.094 –0.076 –0.116

BMI: body mass index; DBP: diastolic blood pressure; FBS: fasting blood sugar; HDLC: high-density lipoprotein cholesterol; 
LDLC: low-density lipoprotein cholesterol; PGBS: postglucose blood sugar; SBP: systolic blood pressure; TC: total 
cholesterol; TG: triglycerides; WC: waist circumference; WHpR: waist-to-hip ratio; WHtR: waist-to-height ratio.

table 3: AUrOc curves for various anthropometric indices and cardiometabolic risk factors in men, women and 
overalla

Men (n=590) bMI Wc WHpr WHtr
Diabetes mellitus 0.603 (0.544–0.661) 0.640 (0.587–0.693) 0.632 (0.580–0.683) 0.660 (0.607–0.714)
Hypertension 0.626 (0.580–0.672) 0.660 (0.615–0.705) 0.627 (0.582–0.672) 0.725 (0.682–0.767)
High TC 0.575 (0.520–0.629) 0.605 (0.552–0.658) 0.571 (0.518–0.625) 0.602 (0.547–0.656)
High TG 0.620 (0.575–0.665) 0.660 (0.616–0.704) 0.627 (0.582–0.672) 0.652 (0.608–0.697)
Low HDLC 0.486 (0.408–0.565) 0.526 (0.448–0.605) 0.546 (0.468–0.624) 0.552 (0.471–0.632)
OCVRF 0.642 (0.594–0.690) 0.677 (0.630–0.724) 0.648 (0.598–0.697) 0.684 (0.638–0.731)

Women (n=588)
Diabetes mellitus 0.700 (0.645–0.756) 0.741 (0.689–0.794) 0.687 (0.628–0.746) 0.765 (0.715–0.814)
Hypertension 0.686 (0.641–0.730) 0.694 (0.650–0.738) 0.611 (0.565–0.658) 0.666 (0.621–0.710)
High TC 0.604 (0.551–0.657)  0.583 (0.531–0.635) 0.530 (0.476–0.583) 0.585 (0.533–0.637)
High TG 0.652 (0.606–0.698) 0.671 (0.626–0.716) 0.594 (0.546–0.641) 0.682(0.638–0.727)
Low HDLC 0.540 (0.473–0.607) 0.556 (0.491–0.621) 0.524 (0.455–0.593) 0.566(0.501–0.632) 
OCVRF 0.607 (0.514–0.700) 0.632 (0.542–0.722) 0.547 (0.460–0.635) 0.645(0.555–0.736)

Overall (n=1178)
Diabetes mellitus 0.644 (0.603–0.683) 0.692 (0.654–0.729) 0.665 (0.627–0.703) 0.703 (0.666–0.741)
Hypertension 0.654 (0.621–0.686) 0.676 (0.645–0.708) 0.618 (0.586–0.651) 0.693 (0.662–0.723)
High TC 0.594 (0.556–0.632) 0.586 (0.548–0.624) 0.538 (0.500–0.576) 0.592 (0.554–0.629)
High TG 0.633 (0.601–0.665) 0.666 (0.635–0.697) 0.611 (0.578–0.643) 0.666 (0.634–0.697)
Low HDLC 0.546 (0.513–0.580) 0.424 (0.392–0.457) 0.352 (0.321–0.384) 0.549 (0.516–0.582)
OCVRF 0.633 (0.594–0.672) 0.591 (0.552–0.631) 0.527 (0.486–0.568) 0.662 (0.623–0.700)

aarea under curve (95% confidence interval).

BMI: body mass index; HDLC: high-density lipoprotein cholesterol; LDLC: low-density lipoprotein 
cholesterol; OCVRF: any one of the cardiovascular risk factors; TC: total cholesterol; TG: triglycerides; 
WC: waist circumference; WHpR: waist-to-hip ratio; WHtR: waist-to-height ratio.  
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table 4. cut-off points for anthropometric indices predictive of cvd risk factors
bMI Wc WHpr WHtr

cut-off 
(kg/m2)

sens 
(%)

spec 
(%)

cut-off 
(cm)

sens 
(%)

spec 
(%)

cut-off sens 
(%)

spec 
(%)

cut-off sens 
(%)

spec 
(%)

Men (n=590)
Diabetes mellitus 24.2 61.9 55.2 89.5 63.8 62.8 0.945 62.8 57.5 0.540 66.6 58.9
Hypertension 24.0 63.4 55.6 86.9 66.9 58.9 0.940 63.4 56.7 0.530 67.4 59.7
High TC 24.2 57.8 54.9 88.0 62.5 56.3 0.943 57.8 53.8 0.534 60.1 54.9
High TG 23.9 42.8 34.4 87.0 68.1 60.0 0.940 63.3 56.9 0.531 65.5 59.7
Low HDLC 23.8 50.0 45.1 86.0 53.5 47.9 0.946 55.3 55.2 0.538 55.3 54.6
OCVRF 23.4 65.3 59.0 84.5 68.1 62.1 0.926 65.0 58.5 0.520 68.8 65.1

Women (n=588)
Diabetes mellitus 25.3 70.0 60.0 82.0 78.7 58.4 0.882 70.0 62.7 0.552 76.2 62.5
Hypertension 24.8 68.1 59.6 80.0 74.5 53.9 0.859 60.7 55.2 0.532 72.5 57.2
High TC 25.2 60.6 59.3 80.0 62.7 46.2 0.863 53.1 52.1 0.533 60.0 49.4
High TG 24.7 65.0 59.6 79.8 71.6 52.9 0.860 60.8 55.8 0.535 68.8 59.3
Low HDLC 24.4 54.4 45.5 79.9 57.7 53.8 0.857 53.3 52.7 0.526 57.7 56.0
OCVRF 23.6 60.9 60.4 77.5 63.1 60.4 0.853 55.4 53.4 0.506 67.9 55.8

Overall (n=1178)
Diabetes mellitus 24.7 65.4 56.4 85.0 72.9 56.8 0.910 66.4 57.1 0.545 70.8 60.4
Hypertension 24.4 65.4 58.3 83.0 68.4 54.7 0.899 61.7 56.0 0.531 69.3 58.5
High TC 24.5 59.7 55.0 83.5 43.2 43.5 0.900 55.6 51.1 0.534 58.9 53.2
High TG 24.1 64.4 54.3 83.5 66.8 59.8 0.898 61.2 55.5 0.533 67.5 59.1
Low HDLC 24.2 54.6 51.3 84.0 43.2 43.5 0.903 35.0 39.6 0.532 54.9 52.1
OCVRF 23.4 63.6 58.5 81.5 59.7 53.1 0.895 52.5 51.4 0.514 66.2 59.7

BMI: body mass index; HDLC: high-density lipoprotein cholesterol; OCVRF: any one of the cardiovascular risk factors; Sens: sensitivity; 
Spec: specificity; TC: total cholesterol; TG: triglycerides; WC: waist circumference; WHpR: waist-to-hip ratio; WHtR: waist-to-height ratio.

WHR (Table 4). Such computations were based on Youden 
Index derivations of ROC analyses. In addition, several ROC 
graphs clearly illustrate the representations of each index 
against individual cardiometabolic risk factors.

The study findings suggest that the proposed cut-offs of 
various organizations to define overweight and obesity are not 
appropriate for Indians, who are at risk of developing obesity-
related cardiometabolic morbidities at lower levels of BMI and 
WC. Table 5 compares the optimal cut-off points derived from 
this study with current international recommendations.23,24,28-30 
Our findings also suggest that, unlike standard BMI cut-off 
levels for identifying obesity, AUROC values indicated that 
WHtR was consistently a better indicator for the majority of 
cardiometabolic risk factors except for high TC where BMI 
is a better predictor overall and in women, and WC is a better 
predictor in men. These observations are consistent with recent 
studies11-13 as well as studies from the mid 1990s.31,32

strengths of the study

Strengths of this study include a broad baseline of available 
adiposity parameters and metabolic disease data from a large 

population-based cohort. Other strengths are representative 
sampling methodology, the use of standardized data collection 
protocols, in-depth assessment of multiple cardiometabolic 
risk factors, and a high response rate to the survey (98.1%). 
Furthermore, this is the first study from eastern India comparing 
all four adiposity measures – BMI, WC, WHpR and WHtR – 
with cardiometabolic risk factors.

Limitations of the study

One limitation of our study is that it relates cardiovascular risk 
to BMI, WC, WHpR and WHtR in a cross-sectional setting 
using established cardiometabolic risk factors as a proxy 
estimate rather than clinical end-points or mortality data. 
Thus, the cross-sectional design does not allow cause–effect 
relationships to be made.

Given that individuals were approached at home, it is possible 
that the sample was biased towards home-based or more 
sedentary individuals rather than a more active professional 
workforce. Finally, we had no data on body fat mass, and 
further studies may be needed to assess body fat mass and its 
relationship with surrogate anthropometric indices. Prospective 
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table 5: Obesity cut-off points: comparison between published guideline and results of this study
Obesity index and source of guideline Defined cut-off points cut-off points for south Asians 

derived from this study

body mass index
WHO, 199928 30 kg/m2 for both sexes 23.4 kg/m2 in men 

23.6 kg/m2 in womenAPI, 200930 25 kg/m2 for both sexes

Waist circumference

WHO, 200829 94 cm in men 
80 cm in women

84.5 cm in men 
77.5 cm in women

NCEP: ATPIII, 200123 102 cm in men 
88 cm in women

IDF/NHLBI/AHA/WHF/IAS/IASO, 200924  * 90 cm in men 
80 cm in women

API, 200930 90 cm in men 
80 cm in women

Waist–hip ratio

WHO, 1999,28 200828,29 0.90 in men 
0.85 in women

0.93 in men 
0.85 in women

Waist–height ratio

Ashwell and Hsieh, 200511 0.50 for both sexes 0.52 in men 
0.51 in women

Note: Superscript numbers are references cited in the main text.

*Joint Interim Statement of the International Diabetes Federation Task Force on Epidemiology and Prevention; National Heart, Lung, and Blood 
Institute; American Heart Association; World Heart Federation; International Atherosclerosis Society; and International Association for the Study 
of Obesity.

AHA: American Heart Association; API: Association of Physicians of India; IAS: International Atherosclerosis Society; IASO: International 
Association for the Study of Obesity; IDF: International Diabetes Federation; NCEP: National Cholesterol Education Program; NHLBI: National 
Heart, Lung, and Blood Institute; WHF: World Heart Federation; WHO: World Health Organization.

studies are also required that relate anthropometric indices to 
clinical CVD mortality and all-cause mortality in South Asians.

cOncLusIOns

It is evident from the present study findings that, despite 
overlap in 95% confidence intervals, WHtR is a relatively 
superior indicator of obesity-related cardiometabolic risk 
in adult Indians in terms of AUROC values compared with 
other relevant anthropometric indices studied. Our study 
indicates that the cut-off values for BMI, WC, or WHpR to 
define obesity could be much lower in South Asia than in 
western countries. Based on these conclusions and those of 
similar findings elsewhere,13 we suggest that WHtR is a better 
screening tool to identify obesity-associated cardiometabolic 
risks among adult Indians, and probably across other ethnic 
communities. Nevertheless, further studies are required for 
such a population-based screening tool prior to its universal 
adoption in both clinical and community health settings.
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