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ABSTRACT The objective of present paper is to investigate the extent of association of selected anthropometric
markers with cardiovascular health risk among different environmental and culturally diverse population groups.
A cross-sectional survey among 1,843 respondents (including 984 females and 859 males) was carried out covering
population groups from five geographic zones of India. Data was collected for anthropometric and physiological
variables using standardized techniques. Body mass index (BMI), waist to hip ratio (WHR) and waist to height ratio
(WHtR) were computed. Odds ratios were obtained using multiple logistic regressions. Anthropometric markers,
WHR, WHtR and WC showed highest association with cardiovascular (CV) health risk. The waist height ratio
(WHtR) is found to be a better predictor of cardiovascular health risk amongst all the central adiposity indices. A
model anthropometric score scale incorporating BMI and selected central adiposity indices may be a quick and
meaningful screening tool for cardiovascular health risk assessment and its timely management.
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INTRODUCTION

Hypertension and obesity has been report-
ed to be strongly associated. Obesity finds its
roots in dynamics of diet, socioeconomic sta-
tus, physical inactivity (Tyagi et al. 2015), change
in family structure, lack of regular health check
up, stress, smoking and alcohol consumption
among others. (Tyagi et al. 2008; Prabhakaran
2016). Obesity has been considered as a risk
factor for chronic diseases including cardiovas-
cular disease, diabetes and musculoskeletal dis-
orders (World Health Organization 2013). In In-
dia, cardiovascular diseases (CVDs) are the fore-
most cause of mortality (Reddy et al. 2005). Low
and middle-income countries are sharing an
alarming percentage of the global burden of car-
diovascular diseases (CVD) related deaths (Ga-
ziano 2005; Yusuf et al. 2014). There is an exces-
sive risk of coronary heart diseases (CHD)

among Indians due to their genetic susceptibil-
ity (Hughes and Lee 2002; Patel et al. 2006; Va-
madevan and Prabhakaran 2010). Cardiovascu-
lar diseases (CVD) are not only prevalent among
the affluent but are also affecting the socioeco-
nomically and nutritionally deprived population
groups (Kapoor et al. 2012). In India, cultural
diversity has implications for how health and
illness are experienced and acted upon. Accord-
ing to Herskovits (1948), culture is a screen be-
tween man and nature and hence changes in
body composition (BC) of humans cannot be
explained by genes and biology alone. It implies
that culture along with biology and environment
determines health status of an individual.

Age, genes and gender play vital roles in
development of adiposity and consequently ef-
fect cardiovascular function of people from dif-
ferent ethnic backgrounds (Bhasin et al. 2017).
The age change in body fat mass favoring cen-
tral adiposity increases the associated health
risk (Tyagi et al. 2005; Mungreiphy et al. 2012).
Prevalence and prevention of CVD related risk
factors especially hypertension and obesity
need to be paid more attention. In order to make
an assessment of CVD and associated health
risk an appropriate diagnosis is needed. Mag-
netic Resonance Imaging (MRI), Computed To-
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mography-Scan (CT-Scan) and Dual-energy X
ray Absorptionmetry (DEXA) are the gold stan-
dards of adiposity measurement and related co-
morbidities (Bauer et al. 2012; Bigornia et al. 2013;
Bosch et al. 2015) with maximum accuracy. How-
ever, these techniques involve high cost and
irradiation (Bauer et al. 2012; Bigornia et al. 2013).
Due to the risk of exposure, time and cost in-
volved in these sophisticated techniques, an-
thropometry being simple, safe and cost effec-
tive overweighs all the other techniques for
screening purpose at mass level for the obesity
and associated health risk. Standardized anthro-
pometric techniques help make nutritional as-
sessment, cardio metabolic risk assessment,
public health issues including lifestyle diseas-
es. Therefore, to assess the co-morbidities as-
sociated with overweight and obesity, the iden-
tification of simple and accurate anthropometric
methods is essential. Research analyzing the
relationship between the easy-to-use anthropo-
metric measures for adiposity and cardiovascu-
lar risk factors remain highly contentious. Copi-
ous studies suggest that body mass index (BMI)
alone constitutes an accurate predictor, where-
as others focus on the potential role of waist-to-
hip ratio (WHR), waist circumference (WC), and
waist-to-height ratio (WHtR). The present pa-
per has examined multiple anthropometric mark-
ers (BMI, WHR, WHtR and Waist circumfer-
ence) to predict cardiovascular risk factors in
populations inhabiting different environmental
zones with cultural diversity. It has become ap-
parent that environmental factors rather than
genetic factors are major drivers for ethnic dif-
ferences in obesity and associated health risk.

Area and People

Different ethnic groups taken up for the
present research included Saharia from Madhya
Pradesh (Central India), Ezhava from Kerela
(South India), Tangkhul Naga from Manipur
(East India), Siddis from Gujarat (West India)
and an urban population group from Delhi
(North India). All these population groups are
described in the next section of the paper.

Saharia

The Government of India has identified the
‘Saharia’ tribe under the Particularly Vulnerable
Tribal Groups (that is PVTGs) with distinct iden-
tification such as pre-agricultural level of tech-
nology, very low level of literacy, and declining

or stagnant population. Traditionally, the Sahar-
ias pursue their indigenous socio-cultural rules,
customs and norms, which affect the healthcare
system (Biswas and Kapoor 2004). They prac-
tise shifting cultivation, hunting, gathering, and
pastoralism. (Kapoor et al. 2009). Deforestation,
scarcity of rainfall and limited resources has com-
pelled them to abandon their traditional activi-
ties. Since last one decade, majority of the Sa-
haria have taken up daily wage earning or jobs
in government sector, which have resulted in
their mixing with the mainstream population.
Saharias follow strict clan exogamy and tribe
endogamy. Alcohol consumption and smoking
is part of their regular diet and their literacy rate
is significantly poor (Biswas and Kapoor 2003;
Biswas 2006).

Ezhava

Ezhava of Amboori village of Thiruvanan-
thapuram district, Kerala was studied. Ezhava is
Other Backward Caste (OBC) group of Kerala.
In earlier days the social status of Ezahava was
very poor as they did not get educational op-
portunities and they were not allowed to enter
the temples. They were involved in agricultural
practices mainly as laborers, while some were
cultivators, toddy tappers and liquor business-
men. In addition, females helped in household
activities. Rice and fish constituted their staple
food. The Ezhava followed community endoga-
my, clan exogamy, patrilineal, and patriarchal
system.

Tangkhul Naga

Tangkhul Naga is a sub-tribe of the Naga
tribe. In India they are found mainly in hilly ar-
eas covering Nagaland, Manipur, Assam and
Arunachal Pradesh. Present research work was
carried out among Tangkhul Naga of Manipur.
Tangkhul follow tribe endogamy and clan exog-
amy. Their traditional occupation was farming
especially terrace and wetland farming. They are
also associated with small-scale industries, ani-
mal husbandry, forest and river wealth. Howev-
er, many are getting associated with business
and jobs (Mungreiphy and Kapoor 2008).

Siddis

The Siddis (Afro-Indians) belong to PVTGs
of rural Gujarat. There are about 250,000 Afro-
Indians, that is Indians of African origin, in In-
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dia, settled in the state of Gujarat, Andhra
Pradesh, Maharashtra, Kerala and Karnataka,
and former Portuguese territories of Daman, Diu
and Goa. This research work was carried out
among Siddis in the Junagarh district of Gujarat.
They work as agriculturists as well as agricul-
tural laborers. Their occupation involves high
physical activity. Rice and Bajra is their staple
diet. They have adopted urban life-ways from
contiguous Gujarati urbanites in certain lifestyle
factors particularly nutrition and transportation.

Urban Delhi Population

The Delhi population (including ‘Khatri’ and
‘Aroras’, the traditional members of the Hindu
community) has common ancestry and they
cross-marry (Bhasin and Kapoor 2013). This pop-
ulation group is fully modernized in food pat-
terns, choices and occupations (business and
jobs), which involve less physical work. Wheat
is their staple diet, however their food patterns
show that there has been a considerable increase
of fat-rich and processed foods. Their reliance
on processed or packaged food for cooking and
frequent eating out at restaurants and food kiosks
are the primary reasons for the fast food promi-
nence. The education level for the total sample
varied from literate to graduate and higher.

METHODOLOGY

In the present research, 364 Saharias (includ-
ing 168 males and 196 females) ranging between
18-64 years were studied. A total 210 Ezhavas
including 100 males and 110 females of age range
20-30 years were studied. Total 603 Tangkhul
Naga (including 346 females and 257 males rang-
ing between 20-70 years of age were studied
from Ukhrul district and Imphal valley in Ma-
nipur). Total 217 Siddis (including 78 females
and 139 males) of age range 17-60 years were
included in this research. In Urban Delhi popu-
lation, 449 (including 195 females and 254 males)
of age range 20-60 years were taken. The sample
distribution is shown in Table 1.

Each subject was measured for stature,
weight and circumference at waist and hip fol-
lowing the recommended techniques (Weiner
and Lourie 1981). Four adiposity markers (BMI,
WHtR, WHR and Waist circumference) were
compared. Systolic and diastolic blood pressure

was taken with sphygmomanometer and stetho-
scope following standardized techniques. Mean
of the two readings was considered. Subjects
were classified into two categories as normo-
tensive (normal) and pre-hypertensive or hyper-
tensive (National Cholesterol Education Program
2002). Body fat was assessed by bioelectric im-
pedance technique.

For present research, body mass index was
categorized as underweight (<18.5), normal (=or
>18.5 to 25.0), overweight (>25.0 to <30.0), and
obese (=or >30.0) following the WHO interna-
tional standards (World Health Organization
1998). The WC of more than 80 cm in women and
more than 90 cm  in man is considered a risk
group for CVDs (Dobbelsteyn et al. 2001). The
waist hip ratio (WHR) of more than 0.80 for fe-
males and more than 0.95 for males has been
taken as and indicator of abdominal obesity (Wil-
lett et al. 1999). The waist height ratio (WHtR) of
more than 0.50 was taken as risk category (Ash-
well 2005). Mean, standard deviation, ANOVA,
and logistic regression were applied to analyze
the data. The SPSS Version 20.0 was used. Cross
tabulation of the subjects categorized under dif-
ferent blood pressure categories was calculated
as (x/n)*100, where x, is the frequency under each
cross tab category and n is the total number of
subjects involved in the analyses. The present
research was in accordance with the ethical stan-
dards of the institutional committee. The purpose
of the research was explained to each participant,
and an informed consent was taken from all the
participants prior to start the data collection.

RESULTS

The findings of the paper are displayed as
Table 2 to Table 7. It was aimed to examine the
nutritional status and association of markers of
adiposity with cardiovascular health in several
population groups spread over different geo-
graphic zones (east, west, north, south and cen-

Table 1: Sample distribution

Population Females Males Total
group (n)   (n)  (n)

Saharia 196 168 364
Ezhava 110 100 210
Tangkhul Naga 346 257 603
Siddis 78 139 217
Urban Delhi 254 195 449

Total 984 859 1843
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ter) of India.  Four of the population groups were
found to belong to normal weight category. How-
ever, the Delhi population including both males
and females were found to be overweight (Table
2).

 As per BMI, a considerable percentage of
Saharia males (32.1% as per SBP and 33.3% as
per DBP) were found to be malnourished and
pre-hypertensive or hypertensive. More than
half of the Saharia males (51.5%) were found to
belong to risk category as per WHR. As per SBP,
none of the adiposity markers showed signifi-
cant Chi square values. Though, as per DBP
significant differences were reported for the
WHR, indicating a significant contribution of
WHR towards hypertension (Table 3). As per
SBP, 32.6 percent of females in WC risk category
were found to be pre-hypertensive or hyperten-
sive. The WHR was found to be incluencing the
chances of being hypertensive significantly
among Saharia females as per SBP. However, as
per DBP, none of adiposity markers reported sig-
nificant differences (Table 3).

Among Ezhava males, as per SBP, nine per-
cent and as per DBP, thirteen percent males in
WHtR -risk category were found to be pre-hy-
pertensive or hypertensive. These cardiovas-
cular inconsistencies increased to as high as
twenty-fight percent and thirty-five percent
among males belonging to the risk category of
WHR. The males belonging to the risk category
of WC showed an incidence of cardiovascular
irregularities of twelve percent and fifteen per-
cent as per SBP and DBP, respectively. As per
SBP, the chi square values for all the adiposity
markers except BMI were found to be signifi-
cant among Ezhava males. On the other hand, as
per the DBP, waist circumference and WHtR
showed a significant contribution towards prev-
alence of hypertension. As per SBP, the OR val-
ues showed 6 times likelihood of developing
hypertension among males belonging to the risk
categories of WHR. The odds value showed like-
lihood of developing hypertension among males
2.7 times (as per SBP) and 3.2 times (as per DBP)
for the risk WHtR. Similarly, the likelihood of
developing hypertension is found to be 3.3 times
(as per SBP) and 3.4 times (as per DBP) among
males belonging to the risk categories of WC
(Table 4).

Ezhava females of malnourished category
(underweight/overweight/obese) were found to
be pre-hypertensive or hypertensive (9.9% as
per the SBP and 12.6% as per DBP). Similar per-
centage of Ezhava females, belonging to risk
WHtR category, were reported to be pre-hyper-
tensive or hypertensive. As per both SBP and
DBP, the significant contribution of WHtR to-
wards hypertension was found among Ezhava

Table 2: Nutritional status of different popula-
tions

Populations                               BMI (kg/m2 )

                                Males                   Females
Mean ± S.D Mean ± S.D

Saharia 19.1± 2.6 19.1± 1.9
Ezhava 22.6± 7.9 20.6± 3.6
Tangkhul  Naga 20.9± 2.4 21.2± 2.8
Siddi 22.5± 5.3 22.0± 4.9
Delhi-Urban 25.9± 4.2 27.7± 5.0

Table 3: Cross tabulation for adiposity indices and blood pressure among Saharia

Adiposity                           SBP                              DBP
markers

  Pre-  Normal   χ2/     OR    Pre-  Normal    χ2/         OR
 Hyper-   n (%)   F-  Hyper-   n (%)    F-
tensive exact  tensive  exact
  n (%)   n (%)

Males
BMI UW/OW 54 (32.1) 41 (24.4) - - 56 (33.3) 39  (23.2) - -
WHR Risk 86 (51.5) 60 (35.9) 0.0 1.1 (0.3-3.5) 82 (49.1) 64  (38.3) 6.9* 0.3 (0.1-0.7)
WHtR Risk 2   (1.2) 4   (2.4) 1.6 1.0 (1.0-1.1) 02   (1.2) 4    (2.4) 1.7 1.3 (1.2-1.4)

Females
BMI UW 16   (8.2) 56  (28.6) - - 12   (6.1) 62  (31.6) - -
WHR Risk 2   (1.0) - 16.8*** 0.9 (0.8-1.0) - 2  ((1.0) 0.2 1.0 (0.9-1.0)
WHtR Risk - 7   (3.6) 0.8 1.1 (1.0-1.1) - 7   (3.6) 0.6 1.0 (1.0-1.1)
WC Risk 64 (32.6) 125 (63.8) - - 36 (18.4) 153 (78.1) - -

UW- Underweight;    *p< 0 .05. ; ***p<0 .001.
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females. None of other adiposity markers name-
ly BMI, WHR and WC showed any significant
influence towards hypertension. As per SBP, 22.8
times and as per DBP, 6.9 times was found to be
the likelihood of developing hypertension
among the WHtR-risk category females. As per
SBP, 7.6 times and as per DBP, 4.1 times likeli-
hood of developing hypertension were report-
ed among the females belonging to BMI risk
category (Table 4).

 Among Tangkhul males of WHR-risk cate-
gory, 38.5 percent as per SBP and 35.4 percent
as per DBP were found to be pre-hypertensive
or hypertensive. Males belonging to the WHtR
risk category showed prevalence of pre-hyerten-
sion or hypertension among 15.6 percent as per
SBP and among 16.7 percent as per DBP. Similar
prevalence trend was observed for the waist cir-
cumference. As per SBP and DBP, significant
Chi square differences were reported for BMI,
WHR and WC indicating an important contribu-
tion of the adiposity markers towards hyperten-
sion. Males belonging to the risk category of
WC and WHR were 2.77 times and 2.47 times
more likely to develop hypertension. Males be-
longing to risk category of BMI and WHtR were
found to be 2.04 and 2.36 times more likely to
develop hypertension (Table 5).

As per both SBP and DBP, highest propor-
tions (14.2%) of the Tangkhul females of WHR
risk category were found to be hypertensive.
Females belonging to the WHtR risk category
showed prevalence of pre-hypertension or hy-
pertension as 19.1 percent as per SBP and 17.3
percent as per DBP. Among Tangkhul females of

WC-risk category, more than five percent as per
SBP and 4.3 percent as per DBP were found to
be pre-hypertensive or hypertensive. As per
both SBP and DBP, all the chi square values
were found to be statistically significant among
Tangkhul females. Females belonging to the risk
values of WHR, WHtR and WC were found to
be at about 3 to 4 times and BMI at 2 times like-
lihood of developing hypertension (Table 5).

Siddi males belonging to the WHtR risk cat-
egory showed highest prevalence of prehyper-
tension or hypertension as 22.3 percent (as per
SBP) and 12.2 percent (as per DBP). Few males
were found to belong to the WHR-risk category.
Prevalence of prehypertension or hypertension
among WC-risk category males was found to be
17.9 percent as per SBP and 18.7 percent as per
DBP. As per SBP, the chi square value was re-
ported to be significant for WC only highlight-
ing its vital contribution towards hypertension
among Siddi males. As per DBP, all the adiposity
markers except WHR showed significant chi
square values indicating their potential contri-
bution towards hypertension among Siddi males.
As per SBP and DBP, Siddi males of WC risk
category were found to be 4.82 times and 4.44
times respectively, more likely to develop hy-
pertension (Table 6).

Siddi females belonging to the WHtR risk
category showed prevalence of prehypertension
or hypertension as 25.6 percent as per SBP and
12.8 percent as per DBP. Prevalence of prehy-
pertension or hypertension among WHR-risk
category females was found to be 48.7 percent
as per SBP and 19.2 percent as per DBP. Those

Table 4: Cross tabulation for adiposity indices and blood pressure among Ezhava

Adiposity                           SBP                              DBP
markers

  Pre-  Normal    χ2/               OR                 Pre-   Normal   χ2/         OR
 Hyper-   n (%)      F-    Hyper-     n (%)   F-
tensive               exact    tensive exact
 n (%)    n (%)

Males
BMI OW 10 (10.0) 34 (34.0) 0.8 0.6    (0.3-1.6) 16 (16.0) 28 (28.0) 1.2 0.6   (0.3-1.4)
WHR Risk 25 (25.0) 49 (49.0) 6.3* 5.9  (1.3-26.9) 35 (35.0) 39 (39.0) 2.8 2.3   (0.9-6.2)
WHtR Risk  9   (9.0) 11 (11.0) 3.9* 2.8    (0.9-7.7) 13 (13.0) 7   (7.0) 5.2* 3.2   (1.1-3.9)
WC Risk 12 (12.0) 14 (14.0) 6.3* 3.3    (1.3-8.6) 15 (15.0) 11 (11.0) 3.4* 2.3   (0.9-5.8)

Females
BMI UW/OW 11   (9.9) 41 (36.9) 8.4* 7.6   (1.6-36.9) 14 (12.6) 38 (34.2) 4.1* 2.7   (1.0-7.4)
WHR Risk 3   (2.7) 9   (8.1) 2.3 2.9   (0.6-12.8) 4   (3.6) 8   (7.2) 1.8 2.4   (0.6-8.9)
WHtR Risk 11   (9.9) 19 (17.1) 24.8*** 22.8 (4.7-111.9) 13 (11.7) 17 (15.3) 15.9*** 6.9 (2.5-19.5)
WC Risk 1   (0.9) 1   (0.9) 2.9 8.1 (0.5-137.8) 2   (1.8) 0   (0.0) 8.7**

UW/OW/OB- Underweight/Overweight/Obese*p< 0 .05. **p<0 .01. ***p<0 .001.
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females belonging to the WC risk category
showed prevalence of prehypertension or hy-
pertension as 30.8 percent and 14.1 percent as
per SBP and DBP, respectively. As per SBP, all
the adiposity markers (BMI, WHtR and WC)
except WHR showed significant chi square val-
ues. As per DBP, WHtR and WC displayed their
significant involvement towards hypertension
among Siddi females. Females belonging to risk
category of WHtR were 8.5 times (as per SBP)
and 7.0 times (as per DBP) more likely to devel-
op hypertension. Females belonging to risk cat-
egory of WC were 4.83 and 5.12 times more like-
ly to develop hypertension as per SBP and DBP,
respectively (Table 6).

As per SBP, 42.6 percent and as per DBP,
32.3 percent Delhi males of the overweight/obese

category were found to be pre-hypertensive or
hypertensive. The males belonging to the risk
category of WHR showed an incidence of pre-
hypertension or hypertension at 24.6 percent
and twenty percent as per SBP and DBP, respec-
tively. Males of risk category of WHtR showed
a prevalence of hypertension as forty-two per-
cent as per SBP and 32.8 percent as per DBP. All
the indices of adiposity, as per SBP, displayed
significant chi square values among Delhi males.
As per DBP, all except WC showed significant
differences between normal and risk category
males. Males belonging to the risk category of
WHR were 3 to 6 times more likely to be hyper-
tensive, whereas males belonging to the risk
category of WHtR were thrice and as per WC
were twice more likely to develop hypertension
(Table 7).

Table 5: Cross tabulation for adiposity indices and blood pressure among Tangkhul Naga

Adiposity                           SBP                              DBP
markers

  Pre-  Normal   χ2/    OR    Pre-  Normal   χ2/         OR
 Hyper-   n (%)   F-  Hyper-   n (%)   F-
tensive exact  tensive exact
  n (%)   n (%)

Males
BMI UW/OW 8 (31.1) 6   (2.3) 1.7 2.0(0.7-6.1) 10   (3.9) 4   (1.5) 6.9* 4.4(1.3-14.4)
WHR Risk 99 (38.5) 136 (52.9) 3.1 2.5(0.9-6.9) 91 (35.4) 144 (56.0) 0.4 1.3  (0.5-3.4)
WHtR Risk 40 (15.6) 32 (12.4) 9.4** 2.4(1.4-4.1) 43 (16.7) 29 (11.3) 19.8*** 3.5  (1.9-6.2)
WC Risk 46 (17.9) 34 (13.2) 13.9*** 2.8(1.6-4.8) 48 (18.7) 32 (12.4) 23.5*** 3.8  (2.2-6.6 )

Females
BMI UW/OW 14   (4.0) 20   (5.8) 4.9* 2.2(1.1-4.7) 13   (3.7) 21   (6.1) 4.8* 2.3  (1.1-4.8)
WHR Risk 49 (14.2) 73 (21.1) 21.6*** 3.2(1.9-5.2) 47 (13.6) 75 (21.7) 25.1*** 3.6  (2.2-6.1)
WHtR Risk 66 (19.1) 115 (33.2) 24.3*** 3.7(2.2-6.4) 60 (17.3) 121 (34.9) 21.5*** 3.6  (2.0-6.3)
WC Risk 18   (5.2) 15   (4.3) 15   (4.3) 18   (5.2)

UW/OW- Underweight/Overweight    *p< 0 .05. **p<0 .01. ***p<0 .001.
.

Table 6: Cross tabulation for adiposity indices and blood pressure among Siddis

Adiposity                           SBP                              DBP
markers

  Pre-  Normal   χ2/    OR    Pre-  Normal   χ2/         OR
 Hyper-   n (%)   F-  Hyper-   n (%)   F-
tensive exact  tensive exact
n (%)   n (%)

Males
BMI UW 19 (13.7) 17 (12.2) - 0.9   (0.5-2.1) 3   (2.1) 33 (23.7) 4.3* 0.3   (0.1-0.9)

  WHtR Risk 31 (22.3) 19 (13.7) 2.4 1.7   (0.9-3.5) 17 (12.2) 33 (23.7) 8.9** 3.6 (1.50-8.4)
WHR Risk 3   (2.1) 3   (2.1) 0.0  0.87   (0.2-4.5) 1   (0.7) 5   (3.6) 0.1 0.8   (0.1-6.8)
WC Risk 14 (10.1) 3   (2.1) 6.6* 4.8  (1.3-17.7) 8   (5.7) 9   (6.5) 8.5** 4.4 (1.5-12.9)

Females
BMI UW 4   (5.1) 13 (16.7) 6.7* 0.2   (0.1-0.7) 1   (1.3) 16 (20.5) 2.5 0.2   (0.3-1.8)
WHtR Risk 20 (25.6) 4   (5.1) 14.2*** 8.5 (2.5-28.4) 10 (12.8)  14  (17.9)  11.2*** 7.0 (2.0-23.8)

WHR Risk 38 (48.7) 34 (43.6) 0.8 2.2 (0.4-12.9) 15 (19.2) 57 (73.1) 1.5      -
WC Risk 24 (30.8) 9 (11.5) 10.5** 4.8 (1.8-12.9) 11 (14.1) 22 (28.2) 7.3** 5.1 (1.5-17.9)

UW- Underweight   *p< 0 .05. **p<0 .01. ***p<0 .001.
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Females belonging to the overweight or
obese BMI category showed prevalence of pre-
hypertension or hypertension as much as 48.8
percent as per SBP and 40.9 percent as per DBP.
Prevalence of prehypertension or hypertension
among WHR-risk category females was found
to be 31.9 percent as per SBP and 28.7 percent as
per DBP. Those females belonging to the WHtR
risk category showed prevalence of prehyper-
tension or hypertension as 48.8 percent and 41.7
percent as per SBP and DBP, respectively. Delhi
females of risk category of WC showed a preva-
lence of hypertension as 41.7 percent as per SBP
and 35.4 percent as per DBP (Table 7). As per
cross tabulation of SBP with adiposity markers,
significant chi square values are reported for
BMI, WHtR and WC. For DBP, all the adiposity
markers displayed significant differences in risk
group and normal group females. Females be-
longing to the risk category of BMI, WHtR and
WHR showed two times likelihood of develop-
ing hypertension (Table 7).

DISCUSSION

Saharia, despite being a socioeconomically
weaker group with low literacy level showed clus-
tering of adiposity indicators like high blood
pressure and high central body fat accumula-
tion. Ironically, the Saharia in the given paper,
belong to underweight as well as overweight
category. Such co-existence of under nutrition
and over nutrition has been reported earlier
among adult Saharia (Kapoor et al. 2009) and
other populations (Swinburn 2011). On one hand,

Saharias are struggling with hunger, infectious
diseases due to scarce health amenities and at
the same time they are burdened with the hyper-
tension (Kapoor et al. 2010). Many of them have
shifted their occupation from hunting/gather-
ing to daily wage earning or jobs/business. They
are adopting distinct eating habits including
more fast foods, and as a result, are becoming
overweight or obese. Among Saharias, the WHR
is found to be best marker reflecting the cardio-
vascular health risk among both males and fe-
males. Saharia males have higher centripetal fat,
which may be responsible for them being more
predisposed to hypertension. Changing lifestyle
and related health risk are evident in this tribal
population (Kapoor et al. 2010).

Significant chi square values for BMI, WHtR
and WC among Siddi males and females high-
light their considerable contribution towards
development of hypertension. Siddis of Gujarat
are, known for their African descent and are ste-
atopygic. Their WHR tends to underestimate
risks with ratio being much lower than real esti-
mates. The WC among Siddi males and WHtR
among Siddi females are found to be the best
adiposity marker for cardiovascular health risk.
Among Ezhava males, WC, WHR and WHtR and
among females WHtR and BMI show risk to-
wards hypertension more clearly. This signifies
an important contribution of regional adiposity
markers (that is WHR, WHtR and WC) towards
hypertension. The WHR among males and WHtR
among females are found to be the best marker
towards cardiovascular health risk. These find-
ings are consistent with the trend observed ear-

Table 7: Cross tabulation for adiposity indices and blood pressure among Delhi population

Adiposity                           SBP                              DBP
markers

  Pre-  Normal    χ2/     OR    Pre-   Normal    χ2/         OR
 Hyper-   n (%)    F-   Hyper-    n (%)   F-
tensive exact   tensive exact
 n (%)    n (%)

Males
BMI OW/OB 83 (42.6) 28 (14.4) 17.1***     - 63 (32.3) 48 (24.6) 17.5***     -
WHR Risk 48 (24.6) 6   (3.1) 17.1*** 5.9 (2.4-14.7) 39 (20.0) 15   (7.7) 10.1*** 2.9 (1.5-5.8)
WHtR Risk 82 (42.0) 23 (11.8) 14.5*** 3.3   (1.7-6.1) 64 (32.8) 41 (21.0) 4.6* 1.9 (1.0-3.0)
WC Risk 55 (28.2) 6   (3.1) 6.4* 2.4   (1.2-4.9) 45 (23.1) 16   (8.2) 1.0 1.4 (0.7-2.5)

Females
BMI OW/OB 124 (48.8) 61 (24.0) 6.1* 2.1   (1.1-3.8) 104 (40.9) 80      .00 4.5* 1.9 (1.0-3.3)
WHR Risk 81 (31.9) 40 (15.7) NS 1.5   (0.9-2.4) 73 (28.7) 47 (18.5) 6.8** 1.9 (1.2-3.2)
WHtR Risk 124 (48.8) 60 (23.6) 7.5** 2.2   (1.2-3.9) 106 (41.7) 77 (30.3) 8.9** 2.4 (1.3-4.2)
WC Risk 106 (41.7) 51 (20.1) 4.8* 1.8   (1.1-3.0) 90 (35.4) 66 (25.9) 4.9* 1.8 (1.1-3.0)

UW/OW/OB- Underweight/Overweight/Obese;    *p< 0 .05. **p<0 .01. ***p<0 .001.
.
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lier (Lee et al. 2008) that has been occurring in
many developing and transitional economies,
contributing to the growing global epidemic of
obesity and related health issues. Central obesi-
ty has been reported to reduce the cardiovascu-
lar fitness and increase the risk of hypertension
(Mungreiphy et al. 2012).

Among Tangkhul females, BMI, WHR,
WHtR and WC point towards occurrence of
hypertension. Similar associations between BMI
and high blood pressure indicating overweight
as significant determinant of hypertension and
have been reported earlier (Mungreiphy et al.
2011; Gupta and Kapoor 2012; Tyagi et al. 2015).
Waist circumference (WC) among Tangkhul
males and WHtR among Tangkhul females were
found to be best adiposity marker predicting car-
diovascular health risk. Tangkhul females are
usually lean and have slender waist and hip with
WHR equaling one. It may overestimate indi-
vidual fallacy in risk categories. The transition
of the Tangkhul Naga tribe in terms of socioeco-
nomic factors and lifestyle, alteration in dietary
habits and reduced physical activity are likely
contributing to the increasing prevalence of over-
weight/obesity and its accompanying health
problems. The Delhi population is found to show
highest prevalence of pre-hypertensive or hy-
pertensive as per BMI risk category. Significant
associations between indices of general and re-
gional adiposity with the blood pressure are
obtained as also reported in earlier studies (Ty-
agi et al. 2008; Patel et al. 2017). The WHR among
Delhi males and WHtR among Delhi females are
reported to be best adiposity marker for the car-
diovascular health risk.

Such ethnic difference in the pattern of fat
distribution has been observed in Indian sub-
jects in earlier studies (Mungreiphy et al. 2012).
Both genetic and environmental factors may be
responsible for ethnic difference in adiposity
(Dhall et al. 2012). Though obesity was found to
be higher among females, males were found to
be at higher risk of hypertension (Dhall et al.
2012; Gupta and Kapoor 2010). Since BMI is not
able to distinguish between someone with ex-
cess adipose tissue and someone with high
muscle mass, the cardiovascular health risk may
not be assessed based on BMI alone. Measures
of central obesity, that is, WHR and WC were
clearly superior. Both WC and WHR predicted
CVD and CHD mortality, but WHR showed the
strongest risk ratios.

Each of the populations under the present
research showed how environment and lifestyle
are contributing to the levels of obesity. It is
based on an anthropological approach of con-
textual issues in the community, which can be
aimed at designing community-based interven-
tions at multiple ecological levels. Such studies
can be used to develop intervention strategies
that systematically target mechanisms of change
at each level of influence. In the present research,
irrespective of genes, clustering of socio-cul-
tural factors like irregular and unhealthy eating
patterns, sedentary lifestyle and job stress forms
an intricate mesh providing a possible explana-
tion for the obesity and hypertension variation.

Differences in prevalence of hypertension
among various ethnic groups are complex, likely
involving genetics, physiology, culture, socio-
economic status (SES), environment, and inter-
actions among these variables as well as others.
Global awareness of the health risks is associat-
ed with a risk norm of adiposity markers but they
should be assessed and promoted at the com-
munity level, and with appropriate guidelines
for interpretation and management. Determina-
tion of cut-off points of adiposity markers is of
paramount importance for prevention, optimum
management, and prediction of cardiovascular
diseases. Heterogeneity of composition of adi-
pose tissue, skeletal muscle, their location,
changing relations with metabolic factors and
cardiovascular risk factors in different ethnic
groups do not allow a simple definition of car-
diovascular diseases that could be applied uni-
formly. For instance, the Asians appear to have
higher morbidity at lower cut-off points for var-
ious adiposity markers than other populations.
International health agencies that deal with car-
diovascular health (like WHO-IOTF) should re-
fer such data and consider formulating new cut-
off points for adiposity markers to assess car-
diovascular health risks for multi ethnic Indian
populations. Understanding different markers
and developing population specific standard-
ized cut-offs will be critical for developing pub-
lic policies and effective clinical interventions
to prevent, reduce and manage CVD risk and
burden.

CONCLUSION

This research work highlights the efficacy
of the anthropometry as a standard, cost effi-
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cient and timely technique of CVD risk assess-
ment. It also adds to the literature by means of
understanding the relationship between ethnic-
ity and health in India. Tribal populations with
lower socioeconomic status and high CVD risk
face greater stress on their limited resources re-
sulting in a vicious cycle of poor health and
poor economic conditions. A simple screening
tool for diverse population groups involving four
adiposity markers (BMI, WC, WHR and WHtR)
provided relative significance towards cardio-
vascular (CV) health, although at varying de-
grees of importance across ethnicity and gen-
der. The WHR, WHtR and WC showed higher
and significant association with cardiovascular
(CV) health risk. The waist height ratio (WHtR)
is found to be a better predictor of prevalent
hypertension amongst all the central adiposity
indices.

RECOMMENDATIONS

Using a combination of adiposity markers
improves the prediction of cardiovascular health
risk among adults. BMI is a key determinant of
metabolic abnormalities, which contributes to
cardiovascular risk. Measures of central obesi-
ty particularly waist circumference (WC), WHR
and WHtR, give a better assessment of obesity
related cardiovascular risk. Considering present
research findings, a model anthropometric score
scale incorporating BMI and selected anthro-
pometric central adiposity indices may be an
answer to quick and meaningful screening for
CVD risk and its timely management.

ACKNOWLEDGMENTS

The authors are thankful to all the subjects
for their cooperation and patience. The financial
assistance under the R and D Grant, University
of Delhi to SK, MD and AK, for Saharia, Siddis
and Delhi population fieldwork, from UGC to PB
and NKM is greatly acknowledged. Consent to
use data on adult Ezhava males from Aniket Ku-
mar has been duly taken and acknowledged. Au-
thors owe special thanks to Ms. Rebecca Delekta
for English editing of the complete paper. Au-
thors have no conflicts of interest to disclose.

REFERENCES

Ashwell M 2005. Waist to height ratio and the Ashwell
chart could predict the health risk of obesity in adults

and children in all ethnic groups. Nutr Food Sci, 35:
359–363.

Bauer J, Thornton J, Heymsfield S, Kelly K, Ramirez
A, Gidwani S, Gallagher D 2012. Dual-energy X-ray
absorptiometry prediction of adipose tissue depots
in children and adolescents. Pediatr Res, 72(4): 420–
425.

Bhasin P, Kapoor S, Kapur YP 2017. Cardio-metabolic
biomarkers in adolescents: Estimating health risks
through filial ties over three generations. Clin J Heart
Dis, 1(1): 1002.

Bhasin P, Kapoor S 2014. Pregnancy complications
and calculated cardiovascular risk in urban women:
Do we envisage an association? J Urban Health, 91:
162-175.

Bigornia SJ, LaValley MP, Benfield LL, Ness AR, New-
by PK 2013. Relationships between direct and indi-
rect measures of central and total adiposity in chil-
dren: what are we measuring? Obesity (Silver Spring,
Md), 21(10): 2055–2062.

Biswas RK, Kapoor AK 2003. Education and its effect
on fertility and mortality differentials among a prim-
itive tribe of Madhya Pradesh. Indian J Popul Educ,
1: 36-45.

Biswas RK, Kapoor AK 2004. Socio-cultural impact on
maternal care among Saharia primitive tribe of
Madhya Pradesh. J Region Health Care, 9(1-2): 1-
10.

Biswas RK 2006. Demographic Study of Primitive Tribe:
A Comparative Framework. New Delhi: Saad Publi-
cation.

Bosch TA, Dengel DR, Kelly AS, Sinaiko AR, Moran A,
Steinberger J 2015. Visceral adipose tissue measured
by DXA correlates with measurement by CT and is
associated with cardiometabolic risk factors in
children. Pediatr Obes, 10(3): 172–179.

Dhall, M, Chaturvedi MM, U Rai, Satwanti Kapoor
2012. Sex-dependent effects of the UCP1 -3826 A/
G polymorphism on obesity and blood pressure.  Eth-
nicity and Disease, 22(2):181-184.

Dobbelsteyn CJ, Joffres MR, Maclean DR, Flowerdew
G 2001. A comparative evaluation of waist circum-
ference, waist-to-hip ratio and body mass index as
indicators of cardiovascular risk factors. The Cana-
dian Heart Health Surveys. Int J Obes, 25: 652-661.

Gaziano TA 2005. Cardiovascular disease in the devel-
oping world and its cost-effective management.  Cir-
culation. 112: 3547–3553.

Gupta S, Kapoor S 2010. Sex differences in blood pres-
sure levels and its association with obesity indices:
who is at greater risk? Ethnicity and Disease, 20(4):
370–375. 

Gupta S, Kapoor S 2012. Optimal cut-off values of
anthropometric markers to predict hypertension in
north Indian population. Journal of Community
Health, 37(2): 441–447.

Herskovits, MJ 1948. Man and His Works: The Sci Cult
Anthropol. New York: Knopf.

Hughes K, Lee E 2002. Coenzyme Q10 and differences
in coronary heart disease risk in Asian Indians and
Chinese’, Free Radical Biology and Medicine, 32(2):
132-138.

Kapoor AK, Saluja K, Verma D, Kapoor Satwanti 2012.
Predictors of hypertension among adult tribal males
of India. Int J Tro Dis and Health, 2(4): 241-256.



10 SATWANTI KAPOOR, RENU TYAGI, MEENAL DHALL ET AL.

Kapoor Satwanti, Tyagi R, Saluja K, Chaturvedi A,
Kapoor AK 2010. Emerging health threats among a
primitive tribal group of central India. J Public
Health Epidemiol, 2(2): 13-19.

Kapoor Satwanti, Tyagi R, Saluja K, Chaturvedi A,
Kapoor AK 2009. Nutritional profile and socio-eco-
nomic status of Saharia, a primitive Tribe of India.
The Open Anthropol, 2: 58-63.

Lee CMY, Huxley RR Wildman RP, Woodward M. 2008.
Indices of abdominal obesity are better discrimina-
tors of cardiovascular risk factors than BMI: A meta-
analysis. J Clin Epidemiol, 61: 646-653.

Mungreiphy NK, Kapoor Satwanti 2008. Overweight,
Obesity and Socio-economic Change Among
Tangkhul Naga Tribal Women of Manipur, North
East India. Research Proceeding in Anthropology
Published Under UGC-SAP, Department of Anthro-
pology, University of Delhi.

Mungreiphy NK, Kapoor Satwanti, Sinha R 2011. As-
sociation between BMI, Blood Pressure and Age: Study
among Tangkhul Naga tribal males of north-east
India. J Anthropol, 127: b119-125.

Mungreiphy NK, Dhall M, Tyagi R, Saluja K, Kumar A,
Tungdim MG, Kapoor Satwanti 2012. Ethnicity,
obesity and health pattern among Indian popula-
tion. Journal of Natural Science, Biology, and Med-
icine, 3(1): 52-59.

National Cholesterol Education Program (NCEP) 2002.
Expert Panel on Detection, Evaluation, and Treat-
ment of High Blood Cholesterol in Adults (Adult
Treatment Panel III). Third Report of the National
Cholesterol Education Program (NCEP) Expert
Panel on Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults (Adult Treatment
Panel III) final report. Circulation, 106: 3143–3421.

Patel J V, Vyas A, Cruicshank JK, Prabhakaran D, Hughes
E, Reddy KS 2006. Impact of migration on coro-
nary heart disease risk factors: comparison of Gu-
jaratis in Britain and their contemporaries in villag-
es of origin in India, Atherosclerosis, 185: 297-306.

Patel SA, Deepa M, Shivashankar R, Ali MK, Kapoor
D, Gupta R et al. 2017 Comparison of Multiple Obe-
sity Indices for Cardiovascular Disease Risk Classifi-
cation in South Asian Adults: The CARRS Study.

PLoS ONE, 12(4). From <https://doi.org/10.1371/
journal.pone> (Retrieved on 3 July 2017).

Prabhakaran D, Panniyammakal J, Roy A 2016. Car-
diovascular diseases in India: Current epidemiology
in future directions. Circulation, 133: 1605-1620.

Reddy SK, Shah B, Varghese C, Ramadoss A 2005. Re-
sponding to the threat of chronic diseases in India.
Lancet, 366: 1744–1749.

Swinburn BA, Sacks G, Hall KD et al. 2011. The global
obesity pandemic: Shaped by global drivers and local
environments. Lancet, 378: 804–814.

Tyagi R, Kapoor Satwanti, Kapoor AK 2005. Body
composition and fat distribution pattern of urban
elderly females, Delhi, India. Coll Antropol, 29: 493–
498.

Tyagi R, Dhall M, Kapoor Satwanti 2015. Bio-social
predictors of hypertension among premenopausal
and postmenopausal women. SAGE Open, 5(1): 1–
12.

Tyagi R, Tungdim MG, Bhardwaj S, Kapoor Satwanti
2008. Age, altitude, and gender differences in a high
altitude population. Anthropol Anz, 66(4): 1-16.

Vamadevan SA, Prabhakaran D 2010. Coronary heart
disease in Indians: Implications of the INTERHEART
study’. Indian Journal of Medical Research, 132(5):
561-566.

Weiner JS, Lourie JA 1981. Practical Human Biology.
New York: Academic Press.

Willett WC, Dietz WH, Colditz GA 1999. Guidelines
for healthy weight. New Engl J Med, 341: 427–434.

World Health Organization (WHO) 1998. Obesity –
Preventing and Managing the Global Epidemic:
Report of a WHO Consultation on Obesity. Geneva.

World Health Organization (WHO) 2013. What are
the Health Consequences of Being Overweight? Gene-
va: World Health Organization. From <http://
www.who.int/features/qa/49/en.> (Retrieved on 6 June
2017).

Yusuf S, Rangarajan S, Teo K, Islam S, Li W, Liu L et al.
2014. Cardiovascular risk and events in 17 low, mid-
dle, and high-income countries. N Engl J Med, 371:
818–827.

Paper received for publication on June 2017
Paper accepted for publication on July 2017


