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Abstract The aim of the study was to determine the cut-
offs of anthropometric markers for detecting hypertension in
an endogamous North Indian population. A cross-sectional
study was carried out to collect data from 578 adult Aggarwal
Baniya subjects (271 men and 307 women, mean age:
43.4 £ 5.3 and 38.7 £ 4.9 respectively) using multistage,
stratified sampling method. Individual body weight, height,
waist circumference (WC), hip circumference, blood pres-
sure were assessed. Receiver operating characteristic (ROC)
analysis was used to find out the optimal cut-off values of
various anthropometric markers to predict hypertension. The
likelihood ratios for having hypertension in subjects with
various cut-off values were calculated. Logistic regression
analysis was used to examine the independent relationship
between the anthropometric markers and odds of having
hypertension. The BMI cut-off to predict hypertension was
22.8 kg/m? in men and 28.8 kg/m” in women. The optimal
WC cut-offs varied from 91-92 cm in both men and women.
The WHR cut-off was about 0.90 in men and 0.78 in women
respectively, and the optimal WHtR cut-off was 0.56 in men
and 0.43 in women. The cut-off levels for BMI, WC and
WHIR corresponded to the inflexion points in the likelihood
ratio graphs. The area under curve (AUC) and odds ratios
showed that the risk of having hypertension was highest with
respect to increased BMI and that BMI is the best predictor of
having hypertension. The cut-off points for detecting car-
diovascular risk factors among our population are lower
than the criteria by the World Health Organization. Although
these results may not be readily applied to the rest of the
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Indian populations due to the multiethnic composition, they
point to the necessity of similar studies with large random-
ized samples to find the cut-off levels for chronic conditions
in different populations.
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Introduction

The association of adiposity with cardiovascular risk fac-
tors is well established. However classified, the burden of
major risk factors is substantially greater in overweight
than in lean individuals. Epidemiological studies focusing
on persons of European descent have verified that obesity
standards based on BMI by WHO [1] are, indeed, associ-
ated with incremental risk for cardiovascular events and
all-cause death [2, 3]. However it has been found that
cardiovascular and metabolic risk in Asians occur at a
lower BMI than in Europeans. There is increasing evidence
of a high prevalence of type 2 diabetes mellitus and ele-
vated cardiovascular risk in certain Asian countries, despite
an average BMI in these countries that is <25 kg/m2 [4, 5].
McNeely et al. [6] found that for Asian-Americans, the
prevalence of diabetes mellitus after adjustment for BMI
was 60% higher than in their European counterpart.

To address the issue that the international cut off points
may not accurately reflect risk in non-European popula-
tions, the panel recommended ranges of BMI for deter-
mining potential public health and clinical action, which
countries may pursue through the use of scientifically
sound approaches to make decisions about the definition of
obesity related risk in their own population [7]. Although
based on the revised standards, Indian have been
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categorized under the high vulnerability group. Besides,
these revised standards of BMI are based on the data
obtained in Korea and Hongkong who are of Mongoloid
origin and that group constitutes a sizeable fraction of
Indian population residing in North-East. This has gener-
ated debate about the appropriateness of ethnic-specific
cut-off points for defining obesity [8]. Besides population
of mongoloid features we have many ethnic groups in India
exhibiting varied physical features and physical types,
therefore, it is not advisable to blindly accept this BMI
scheme without testing to avoid further complications.

In this study, we examined four anthropometric markers
(BMI, WC, WHR, WHtR) with hypertension and used
receiver operating characteristic (ROC) analysis to assess
the optimal cut-off values of these anthropometric markers
for overweight or obese in an endogamous population of
North India.

Materials and Methods

Data for the present study was collected on 578 adult
Aggarwal Baniya subjects (271 men, 307 women) aged
30 years upwards using multistage, stratified sampling
method.

Target Population

Baniyas is an endogamous caste group which is divided
into three sub groups based on language difference. These
languages are Hindi, Marwari and Punjabi. However, they
are not identified as Punjabi Baniyas, Malwari Baniyas or
Hindi Baniyas. They are the trading community which
mostly have sedentary lifestyle. Their food habits also
involve lots of oily eatables which dispose them to many
cardiovascular health risk. They are divided into 18 gotras.
They generally practice caste endogamy and gotra exog-
amy. Marriage is monogamous.

Data Collection

Participants were interviewed through structured proforma.
Anthropometric measurements including height, weight,
skinfold thickness, waist and hip circumference and blood
pressure measurements were obtained using standardized
procedures. Various indices of obesity such as body mass
index (BMI), waist hip ratio (WHR), waist to height ratio
(WHItR) was further calculated.

Body weight was measured by using spring balance to
the nearest 500 gm, stature with the help of Martin’s
Anthropometer to the nearest mm. Waist circumference
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and hip circumference were measured with a non stretch-
able steel tape measure to the nearest 0.1 cm. Measure-
ments were conducted by trained personnel and all
instruments were calibrated once weekly. Blood pressure
was measured using manual (mercury) sphygmomanome-
ter. The subject was asked to sit relaxed on a chair with her
or his arm supported comfortably at the vertical level. The
pressure cuff was applied closely to the upper arm, the cuff
was rapidly inflated until the artery was completely
occluded. The stethoscope was the placed lightly over the
brachial artery, and the mercury column was allowed to fall
at the rate of 2 mmHg per second. The Systolic blood
pressure was determined by the appearance of Korotkoff
sound. After recording the systolic blood pressure the
mercury column was allowed to fall further till the sound
ceased to be tapping in quality, become fully muffled and
finally disappeared. The level where it disappeared was
taken as diastolic blood pressure. Three reading were taken
for each measurement and there mean was taken as the
final reading.

The protocol for the study was reviewed and approved
by Ethical Committees in the Department of Anthropology,
Faculty of Sciences of the University of Delhi, India.

Statistical Analysis

Data was analyzed using the computer software SPSS
version 15.0 for windows (SPSS Inc., Chicago, USA).
Results have been described by summary statistics such as
mean and standard deviation. Receiver operating charac-
teristic (ROC) analysis was used to compare the predictive
validity, and to determine their optimal cut-off values
[9-11]. Area under the curve (AUC) was also measured to
determine the diagnostic power of a test, and to describe
the probability that a test would correctly identify subjects
with the disorder. Optimal cut-off values were measured by
calculating the sensitivity and specificity of the anthropo-
metric measurements at various cut-off points. Odds ratios
were calculated as the ratios of having hypertension by the
proposed cut-off points.

The likelihood ratio (LR) was calculated to estimate the
odds of having hypertension in subjects with various cut-
off values of the anthropometric indexes [12]. LR is
defined as sensitivity/(1—specificity). The sensitivity and
specificity of having chronic conditions at various anthro-
pometric cut-off values were calculated using the adjusted
population classified with reference to each cutoff level and
hence the corresponding LR was derived. Since LR refers
to actual test results before disease status is known, it is
more immediately useful to clinicians than sensitivity and
specificity [12].
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Results

The means and standard deviations of various anthropo-
metric markers are presented in Table 1. A high prevalence
of obesity in this community is evident in the gender
specific mean BMI values (men, 26.1 kg/mz; women,
29.4 kg/m?). Although the women were 3 BMI units hea-
vier than the men, the systolic blood pressure (SBP) and
diastolic blood pressure (DBP) values were significantly
higher among men. As expected, women had significantly

Table 1 Basic Characteristics of the subjects

larger hip circumferences compared with men whereas
waist circumference was higher in men.

ROC curve analysis of various anthropometric markers
with hypertension are summarized in Table 2. The results
of the AUC analysis were significantly different from what
was expected by chance (P < 0.05). Among the markers of
obesity, BMI showed the highest AUC in both men and
women. The values for AUC tented to be higher in men
than in women. The AUCs for BMI was-0.72 in men, 0.62
in women; for WC-0.71 in men, 0.55 in women; for WHR-
0.64 in men, 0.45 in women and for WHtR-0.69 in men,
0.60 in women. The cut-off points of the variables to detect
the risk factors were determined as the point of intersection

Variables Men Women of the curves for sensitivity and specificity. The optimal
N =271 N =307 BMI cut-off values for predicting hypertension was
Age (years) 434 + 53 387 + 4.9 22.8 kg/m” in men and 28.8 kg/m* in women. The optimal
Weight (kg) 728 + 13.12 63.1 + 1147  WC cut-off values was 92.0 cm in men and 91.3 cm in
Height (cm) 166.7 + 5.81 152.1 + 5.51 women. The optimal cut-off values of WHR that correctly
Hip circumference (cm) 081 & 8.42 1072 + 1090  1dentified the highest numbers of subjects with or without
Waist circumference (cm) 083 & 11.82 92.0 + 1051 hypertension was 0.90 in men and 0.78 in women whereas
Body Mass Index (BMI) 26.1 & 428 204 + 477 Fhe optimal WHtR cut-off values was 0.56 in men and 0.43
Waist to Hip Ratio (WHR) 104007 086 +007 M Women L , ,
Waist to Height Ratio (WHR) 0.59 4 0.07 0.60 & 0.07 F1gure§ 1 gnd 2.shows.the.hkehhood ratios of having
Systolic blood pressure (SBP) 1981 4 14.0 110.6 4 13.8 hypertension in gubjects with different values for these four
Diastolic blood pressure (DBP) 985 4 111 0 4 0.1 anthropometric indexes. The cut—off levlels for. BML WC
and WHItR corresponded to the inflexion points in the
Z;?/Le (ZAI}E;: ageg;g?(iirt_};gc Anthropometric  AUC  95% Cut-off point ~ Sensitivity — Specificity =~ Positive ~ Negative
values, sensit}vilsies and markers cl (kg/mz) (%) (%) PV PV
specificities of anthropometric Men
markers associated with
hypertension BMI
Optimal 0.72  (0.61,0.84) 22.8 82.5 77.8 96.8 35.6
WHO 30.0 20.0 88.0 94.1 12.6
wC
Optimal 0.71 (0.60,0.82) 92.0 77.8 77.8 96.5 30.0
WHO 102.0 41.0 71.0 93.8 14.2
WHR
Optimal 0.64  (0.52,0.77) 0.90 94.5 48.1 91.6 9.1
WHO 1.0 51.6 48.0 88.9 11.0
WHtR 0.69 (0.57,0.81) 0.56 75.6 77.8 93.8 28.1
Women
BMI
Optimal 0.62  (0.55,0.70) 28.8 64.4 68.6 84.1 42.8
WHO 30.0 46.0 72.0 81.2 35.2
wC
Optimal 0.55 (0.48,0.62) 91.3 57.2 61.6 79.4 35.8
WHO 88.0 68.0 37.0 73.6 31.1
WHR
Optimal 0.45 (0.37,0.53) 0.78 95.0 15.1 73.5 47.6
WHO 0.85 49.0 41.0 66.2 242
WH(R 0.60  (0.53,0.67) 0.43 98.6 0.0 72.1 0.0
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likelihood ratio graphs. There was a significant increase in
the risks for hypertension beyond the cut-off points for all
anthropometric markers except WHR in both genders.
Logistic regression analysis was performed to see if the
determined cut-off points of various markers of obesity,
that is BMI, WC, WHR and WHIR independently reflected
the increased risk of having hypertension (Table 3). For
systolic blood pressure, odds ratio for BMI, WC and WHtR
were significant in men whereas in women, odds ratio for
BMI and WC were significant. For diastolic blood pressure,
odds ratio for all anthropometric markers were statistically
significant except for WHItR in women. In men, the odds of
higher systolic blood pressure (SBP) or diastolic blood

pressure (DBP) was significantly more in those who had
BMI, WC or WHIR in risk category whereas in women it
was significant for all markers except for WHtR.

Discussion

Obesity is an independent risk factor for cardiovascular
disease (CVD) and it is known to be associated with other
risk factors such as hypertension, dyslipidaemia and dia-
betes mellitus. Body mass index is known to be closely
related to the total amount of body fat and is widely used to
define the criteria for overweight or obesity [13]. Many

Fig. 1 Likelihood ratio of BMI weC
having hypertension at various 4 4
BMI, WC, WHR and WHIR [ N
. 3 3
cut-offs in men j \\\ [\\ / —~
: f—«n./ \\j ) ] *_JM
1 1 ——
0 ; — : : : : : : : 0 : :
20 21 22 23 24 25 26 27 28 29 30 31 70 80 90 100
WHR WHtR
4 4
3 3 r\-.
2 J\\\\ 2 r\\dl \\\\
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:;;);ft;lsi(())idisnriggs(e)fsubjects SBP DBP SBP or DBP

determined by the cut-off points Odds  95% CI P 0dds  95% CI P Odds  95% CI P

of each anthropometric markers ratio ratio ratio
Men
BMI 9.51 5.09, 17.77  0.001 5.51 2.81, 10.79  0.001 16.48  6.23,43.59 0.001
wC 5.01 2.81, 8.94 0.001 4.31 2.22, 8.35 0.001 12.00 4.59, 31.38  0.001
WHR 0.91 0.24, 3.48 0.895 6.48 1.97, 21.30  0.002 1.08 0.13, 8.97 0.937
WHtR  7.36 3.97,13.64  0.001 3.12 1.60, 6.07 0.001 596 2.57,13.81 0.001
Women
BMI 2.23 1.41, 3.53 0.001 4.52 2.74, 7.45 0.001 396 2.32,6.73 0.001
WwWC 1.82 1.16, 2.87 0.010 2.48 1.54, 4.01 0.001 2.15 1.29, 3.57 0.003
WHR 1.05 0.43, 2.56 0.908 3.13 1.26, 7.82 0.014 2.52  1.03, 6.18 0.043
WHtR 1.08 0.53, 1.96 0.798 1.03 0.86, 1.82 0.114 1.86  0.78, 1.46 1.891

population studied showed increasing morbidity and mor-
tality risk with increasing BMI [14].

The recent data showed excess cardiovascular morbidity
at the ‘normal’ range of body mass index (BMI) in the
Asian populations. In Hong Kong Chinese men, the opti-
mal BMI cutoff to predict diabetes, hypertension and
dyslipidemia was lower than currently recommended for
the diagnosis of obesity [15]. Similar data showing high
cardiovascular-related morbidities at upper ‘normal’” BMI
range have been reported for the ethnic groups in several
Asian countries: Korea [16], Singapore [17], Japan [18],
and Taiwan [19]. Therefore, WHO recently proposed lower
BMI values to define overweight and obesity in people of
the Asia—Pacific region [7]. However, the cut-off values of
overweight and obesity in these regions were only based on
data from few reports, predicted on small-scale or cross-
sectional studies. Data from Indian population is lacking to
verify these cut-offs. Therefore, the present study is an
attempt to verify these cut-off values which examine the
health risk of obesity.

The four anthropometric markers studied (BMI, WC,
WHR and WHtR) have all been noted to be associated with
several CVD risk factors [20-24]. Some studies have
reported WC as the better predictor of CVD risk factors
[25-27] whereas others recommended WHR and WHtR
[15].

In the present study, the cut-off points of anthropometric
variables for detecting risk factors were lower than those
recommended by WHO [1]. WHO recommended BMIs of
25 and 30 kg/m® as cutoff points for overweight and
obesity, respectively. In our population, the specificity of
these values to predict risk factors in men was more than
70%, but the sensitivity was less than 20% whereas in
women the specificity of these values to predict risk factors
was 72%, but the sensitivity was only 46%. The cut-off
points of WC and WHR set by WHO were 102 cm and 1.0

for males and 88 cm and 0.85 for females, respectively.
The specificity of these cut-off points for predicting risk
factors was more than 35%, with a sensitivity of less than
55% for males and less than 70% for females. Accordingly,
it is suggested that the WHO cut-off points may not be
sufficiently sensitive and accurate for detecting cardiovas-
cular risk factors in the Indian population.

Of the four anthropometric markers we studied, BMI
was found to have the largest area under the ROC curve in
relation to hypertension among both men and women. Our
result suggested that BMI was a better predictor of CVD
risk factors as compared to other anthropometric markers.
BMI is closely related to the total amount of body fat and is
used to define the criteria of overweight or obesity [13, 28]
Both obesity related morbidity and mortality risk have been
shown to increase with increasing BMI in population study
[29]. In our study, we also found the increasing risk of
hypertension with increasing BMI in both genders.

The optimal cut-off values of BMIs for overweight or
obesity from our study were found to be 22.8 kg/m? in men
and 28.8 kg/m2 in women, which were similar in men but
different in women to those of other studies [15, 30, 31]. As
mentioned previously, Asians with lower BMIs have been
found to be at increased risk for obesity. Taken together,
our study supported the conclusion that cut-off values using
BMI to define obesity should be much lower in Indian
population than in Western countries.

The increasing risk of having hypertension was also
found to be associated with increasing WC in both sexes
(Fig. 2). The optimal cut-off values using WC were
92.0 cm in men and 91.3 cm in women in our study. These
values of WC in men were apparently lower than the values
for Caucasians (102 cm) [1] but were higher then that
recommended for Asians (90 cm) [7]. The values for WC
in women were much higher than those recommended for
Caucasians (88 cm) and Asians (80 cm). In summary,
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further studies are needed to find out the appropriate cut-off
values for overweight and obesity in the Asia—Pacific
region. Similarly, the cut-off points for WHR and WHIR in
the present study were also found lower than those rec-
ommended by WHO. Further, higher cut-off points of all
anthropometric markers for men compared with women
indicate sex-specific relations between obesity and car-
diovascular risk factors as observed by other researcher
also [32-34].

In conclusion, the cut-off points of anthropometric
markers (except for WC) for detecting cardiovascular risk
factors in the Indian population were lower than the WHO
criteria. Though these cut-off values for men were in good
accordance with those reported for Asians, they were much
higher for women indicating need for further research in
ascertaining the cut-off values for Asian population.
Although these results may not be readily applied to the
rest of the Indian populations, they point to the necessity for
similar studies with large randomized samples to find the
cut-off levels for chronic conditions in different populations.
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