The Open Anthropology Journal, 2011, 4, 33-39 33

Effectiveness of Various Anthropometric

Indices in Prediction of

Cardiovascular Risk Among Adult Jains

Meenal Dhall, Shilpi Gupta, Monika Bhuker, Pankhuri Sharma and Satwanti Kapoor*

Department of Anthropology, University of Delhi, Delhi-110007, India

Abstract: The present study was conducted on Jain population residing in Delhi to elucidate the effectiveness of various
anthropometric indices as cardiovascular risk. A cross sectional sample of 48 adult Jain females (mean age=50.5yr) and
62 adult males (mean age=47.4yr) was studied. Various anthropometric and physiological measurements were taken on
each subject. In the present study BMI was found to be a greater risk factor for cardiovascular health among Jain females
supported by strong correlation of BMI with blood pressure [SBP, p<0.01 and DBP, p<0.001], by high ‘B’ values [B
=0.578 for SBP and B = 0.762 for DBP] and by high odds ratio for hypertension [2.3 times more for DBP]. The waist
height ratio was found to be a good cardiovascular risk-screening tool among adult Jain males as revealed by a significant
positive association of WHtR with blood pressure [DBP, p<0.05], by high ‘B’ value [ =0.526 for SBP and 8 = 0.599 for
DBP] and by elevated odds ratio for hypertension [21.9 times more for SBP and 3.9 times more for DBP]. Our study
clearly revealed the gender specificity and relative effectiveness of anthropometric indices in prediction of cardiovascular
health among Jain adults [BMI in Jain females and WH{R in Jain males].
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INTRODUCTION

Cardiovascular disease (CVD) is nowadays the leading
cause of death for men and women both in the developed
and developing countries [1]. Although the prevalence of
some CVD risk factors has decreased in economically devel-
oped countries, the corresponding prevalence has increased
in economically developing countries like India [2, 3]. It is
estimated that half of all cardiovascular deaths in India occur
in the working-age population compared with about one
quarter in high-income countries [4]. There are large dispari-
ties in cardiovascular mortality in India [5]. For men and
women, cardiovascular risk is known to increase with age,
smoking, hypertension and central obesity [3]. One of the
main causes of CVD is high blood pressure (BP) (essential
hypertension) and obesity [6].

Obesity has been found to be one of the crucial risk fac-
tors of cardiovascular diseases in the general population [7].
The prevalence of obesity is increasing in both developed
and developing countries [8]. Mohan et al. [9] on the basis of
available data on prevalence of obesity from different pub-
lished studies reported the prevalence of obesity among
adults in India to be ranging from 10 to 50 percent. An in-
crease in obesity has also been reported with age [10, 11].
The increased prevalence of overweight/obesity was found
to be related to improved socioeconomic status and urbaniza-
tion among Tangkhul Naga females [12].

Obesity has been known to be associated with various
cardiovascular risks like hypertension, diabetes, dyslipide-
mia etc [13]. A significant positive correlation of BMI and
WHR with blood pressure was found among affluent Punjabi
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girls of Delhi [14].There are various anthropometric indices
which define obesity with relative ease and accuracy like
BMI (body mass index),WHR (waist hip ratio), WHtR (waist
height ratio) and WC (waist circumference). Accumulating
evidences have elucidated that BMI and WHtR can serve as
valuable prognosticators for cardiovascular risk. A study
conducted on Singaporean adult females demonstrated that
WHTLR can act as a best screening tool for cardiovascular risk
[15]. Another study also reported that waist height ratio is a
simple and effective screening tool for cardiovascular risk
factors in both men and women [16]. WHR was reported to
be secondary to BMI as a predictor of cardiovascular risk in
Canadian adult men and women [17]. In Japanese men and
women WHtR was found to be a better predictor of meta-
bolic risk as compared to other anthropometric indices [18].
WHR acted as a risk factor for increased cardiovascular
events and mortality in peritoneal dialysis patients in both
males and females [19]. In Taiwanian adult males and fe-
males, an increase in BMI, WC, WHR and WHtR accounted
for a higher risk of hypertension, diabetes, dyslipidemia and
impaired fasting glucose [20]. BMI and WC showed a sig-
nificant association with hypertension and WHR with Diabe-
tes 2 among adult males in Chennai, India [21]. BMI and
WC were reported to be useful screening tools among young
obese women to detect early cardiovascular risk [22]. BMI
was reported to be more detrimental to cardiovascular health
among Aggarwal baniya females whereas among males it
was WHR [23].

In a study conducted on the Saharia tribe, a vulnerable
group, the indices of adiposity (WHR, WHtR, and BMI), fat
percentage and blood pressure were found to be higher
among pre diabetic males [24]. The primary objective of the
present study was to assess the relative effectiveness of vari-
ous anthropometric indices in prediction of cardiovascular
risk among Jain population.
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METHODS

The Jains are the last direct representatives of the Shra-
mana tradition in India. A shramana is a wandering monk in
certain ascetic traditions of ancient India, including Jainism
and Buddhism. Famous $hramana include religious leaders
Mahavira and Gautama Buddha. They follow Jainism, as the
dharma taught by the 24 Tirthankaras, the last of whom was
Mahavira. The Jains have the highest literacy rate, 94.1%
compared with the national average of 65.38%. They have
the highest female literacy rate, 90.6% compared with the
national average of 54.16%. It is believed that the Jains also
have the highest per capita income in India. The Jain popula-
tion in India is 4,225,053 out of the total population of India
1,028,610,328. Delhi consists of 155,122 of the total Jain
population of India [25]. The community, comprising mostly
of businessmen, traces their lineage to Lord Adinath, a seer-
king who preached non-violence, tolerance, vegetarianism
and the importance of karma and literacy during the Vedic
age (2nd-6th century B.C.). The members of the Jain com-
munity in the Indian capital are traditionally jewelers by pro-
fession. The Jain community is known for its social work
and service in the sphere of education. The Jain communi-
ties, who don't like to be clubbed with Hindus, have their
own temples, texts, religious mores, food habits and deities.
Like Buddhism, the group is divided into two sects - the
Shwetambar and Digambar folds. Many castes of the Jains
are divided into two groups-visa and dasa. These groups are
endogamous and the position of the later group is lower than
that of the former. The members of the later group are not
even allowed to enter the temples in some places, even
though unsociability practically does not exist amongst Jains.

A cross sectional study was conducted on 110 adult Jains
(48 females, 62 males, ranging in age from30-60 year) in
Delhi. All the subjects volunteered for the study and gave
written informed consent prior to the study. Various anthro-
pometric measurements including height, weight, waist cir-
cumference, hip circumference and physiological dimensions
like blood pressure, pulse rate and grip strength were taken
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on each subject. None of the subjects were measured imme-
diately after ingesting their breakfast .Prior to taking physio-
logical measurements,each subject was given 30 minutes of
rest. The maximum grip strength of both the hands, right and
left was taken with the help of dynamometer to assess the
muscular strength. The mean of the maximum right and left
hand grip strengths was used in the study and has been re-
ferred to as average grip strength. A standard prototype was
followed while taking measurements [26]. Various anthro-
pometric indices like BMI (weight/height®), WHR (waist
circumference/hip circumference) and WHtR (waist circum-
ference/height) were calculated. BMI was grouped according
to the proposed criteria of WHO (under weight <18.5, nor-
mal- 18.5-24.5, overweight- 25.0- 29.9 and obese >30.0)
[27]. In the present .study all the subject >30 BMI have been
considered as obese instead of different stages of obesity.
Gender specific cut offs for abdominal obesity defined by
WC (WC=90cm in men and WC> 80cm in women) [28] and
of WHR (WHR>0.95 in males and WHR>0.80 in females)
[29] were used. Waist height ratio of >0.5 is considered to be
a risk in both males and females [30]. Normal blood pressure
was taken as <120mmHg (systolic) and <80mmHg (dia-
stolic). Blood pressure values of 120-139 mmHg (systolic)
and 80-89mmHg (diastolic) were classified as pre- hyperten-
sive. Stage-1 hypertension was taken as 140-159 mmHg (sys-
tolic) and 90-99mmHg (diastolic), whereas blood pressure of
>160mmHg (systolic) and >100mmHg (diastolic) were clas-
sified as stage Il hypertension [31].

The statistical analysis of the data was done with the help
of SPSS version 16. The analysis was done to see the asso-
ciation between different anthropometric indices and cardio-
vascular factors. The mean, standard deviation correlation
coefficients, and chi square, p values(linear regression) and
odds ratio (OR) were computed.

RESULTS

Table 1 shows the general characteristics of the subjects.
Jain males were taller, had greater grip strength, larger

Table1l. Basic Characteristics of Adult Jains
Measurements Females Males
Mean+ SD Mean = SD
Height(cm) 154.6+ 6.90 166.2+9.97
Weight(kg) 65.2+14.69 70.2+15.21
Average Grip strength (kg) 21.6+.4.97 35.1+9.83
Systolic blood pressure(mmHg) 133.245.63 132.9+16.43
Diastolic blood pressure(mmHg) 81.6+.38 84.3+10.52
Pulse rate (bpm) 82.40.31 83.7+8.76
Waist circumference(cm) 80.2+12.18 87.3+12.28
Hip circumference(cm) 100.3+10.90 95.549.13
Body mass index(kg/m?) 27.3+5.95 25.2+3.93
Waist hip ratio 0.8+0.06 0.940.07
Waist height ratio 0.5+0.07 0.5+0.06
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Table 2.  Association of Adiposity Indices and Cardiovascular Factors Among Adult Jains
Measurements Females Males

SBP DBP PR SBP DBP PR
(mmHg) (mmHg) (bpm) (mmHg) (mmHg) (bpm)

Waist circumference(cm) 0.30" 0.32" 0.36%** 0.03 0.19* 0.20*

Body mass index(kg/m?) 0.28** 0.33™ 0.31" 0.12 0.10 0.16

Waist hip ratio 0.32" 0.21%** 0.33"™ 0.10 0.18 0.12

Waist height ratio 0.35"" 0.29" 0.38™" 0.15 0.24* 0.21*

Average grip strength(kg) -0.31° -0.08 0.001 -0.29" -0.14 -0.16

*p<0.05 , **p<0.01, ***p<0.001.

waists, narrower hips and higher WHR values as compared
to their counterpart Jain females. On the other hand Jain
males had higher BMI, larger hips.

Table 2 shows the association of anthropometric indices
and cardiovascular factors among Jain males and females.
The waist circumference as an index of central obesity has
been found to be significantly related with SBP (p<0.01),
DBP and PR in females (p<0.001). In females BMI was also
positively correlated with SBP and PR (p<0.01), and with
DBP (p<0.001) while WHR was significantly related with
SBP and PR (p<0.001) and DBP (p<0.01). WHtR showed a
positive but significant correlation with SBP and PR
(p<0.001) and DBP (p<0.01) in Jain females. The average
hand grip strength among Jain females was negatively corre-
lated with SBP (p<0.01). On the other hand waist circumfer-
ence and waist height ratio were found to be positively corre-

lated with DBP and PR (p<0.05) among Jain males and the
average hand grip strength was found to be negatively corre-
lated with SBP (p<0.01).

The prevalence of overweight/obesity among Jain males
and females is presented in Table 3. The prevalence of under
weight was more in males (4.8%), so was of normal weight
(45.2%). More Jain females were overweight (43.8%) and
obese (18.8%) as compared to Jain males (overweight
40.3%; obese 9.7%).

Table 4 reflects the prevalence of hypertension among
Jain males and females. The prevalence of pre hypertension
was more in males (SBP=51.6%, DBP=37.1%) as compared
to females (SBP=37.5%, DBP=18.8%) whereas stage | hy-
pertension was more prevalent among females (SBP=35.4%,
DBP=18.8%) than males (SBP=21%, DBP=14.5%) and
stage Il hypertension was more prevalent among adult Jain

Table 3. Prevalence of Overweight/Obesity Among Adult Jains
Body mass index (kg/m?) Percentage
Females Males
Normal weight 354 45.2
Underweight 2.1 4.8
Over weight 43.8 40.3
Obese 18.8 9.7
Table4. Prevalence of Hypertension Among Adult Jains
Blood pressure categories Percentage
Females Males
SBP DBP SBP DBP
(mmHg) (mmHg) (mmHg) (mmHg)
Normal 229 60.4 194 38.7
Pre hypertension 375 18.8 51.6 37.1
Stage | hypertension 354 18.8 21 14.5
Stage Il hypertension 4.2 2.1 8.1 9.7
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Table5. Prevalence of Regional Obesity Among Adult Jains
Indices Normal Risk 7
n % n %
Waist hip ratio Females 26 54.2 22 45.8 6.64*
Males 48 774 14 22.6
Waist height ratio Females 19 39.6 29 60.4 0.07
Males 23 37.1 39 62.9
Waist circumference(cm) Females 24 50.0 24 50.0 1.03
Males 37 59.7 25 40.3

*p<0.05.

males (SBP=8.1%, DBP=9.7%) than their female counter-
part (SBP=4.2%, DBP=2.1%).

Table 5 shows the prevalence of regional obesity among
Jain males and females. Females dominated males in the
prevalence of central obesity with respect to WHR (45.8%)
and WC (50%), using WHtR more males were in risk cate-
gory (62.9%) as compared to Jain females (60.4%). Signifi-
cant differences were observed for WHR in chi square test
(p<0.05) between the prevalence of risk in females and
males.

Table 6 presents the best predictor (B value) of cardio-
vascular health from various anthropometric indices. It is
clear from the table that BMI was found to be a better pre-
dictor of cardiovascular risk in females (B =0.578 for SBP
and p = 0.762 for DBP) while WHtR came out to be an inde-
pendent predictor of cardiovascular risk in males (B =0.526
for SBP, p =0.599 for DBP and  =0.228 for PR).

Table 7 presents the risk (odds ratio) for cardiovascular
health from obesity indices. The hypertension stage | and 11
have been pooled together for this analysis. The chances of
prehypertension in overweight Jain adult females were 1.7
times more for SBP and 3.6 times more for DBP. Obese Jain
females had 2.3 times more likelihood of being hypertensive
for DBP. Among overweight adult Jain males the risk of
being prehypertensive was 3.1 times more for SBP and
among obese Jain males it was 2.9 times more for SBP. In
Females who were in risk category according to the WHR
cut offs were 34.9 times more prone to become hypertensive
(DBP). Among adult males the risk of hypertension in-

creased with increasing WHtR (21.9 times more for SBP and
3.9 times more for DBP), so was the risk of prehypertension
(4.7 times more for SBP and 3.7 times more for DBP). .No
such association was found among Jain females.

DISCUSSION

Anthropometric measurement based indices of general
(BMI) and regional (WHR, WC, WHtR) obesity have been
used in the present study to identify the index which is more
strongly associated with subsequent cardiovascular risk
among adult Jain males and females, a business community
with sedentary lifestyle and rich food habits.

BMI is most commonly used measure of overweight,
obesity as well as of CED (chronic energy deficiency) [32,
33] and has been found to be important risk factor for CVD
[34]. In the present study also BMI was found to be a greater
risk factor for cardiovascular health among Jain females
supported by strong correlation of BMI with blood pressure,
high ‘B’ value and high odds ratio for hypertension in obese
females. Prevalence of both overweight and obesity was
higher and of undernutrion was lower among Jain females as
compared to males. Their enhanced BMI could be due more
to fat mass than metabolically active muscle mass, and due
to their sedentary life style. Another study conducted on
Punjabi girls of Delhi also reported a positive association
between BMI and blood pressure [14].

The positive relationship between body mass index
(BMI) and cardiovascular disease (CVD) mortality has also
been reported from large prospective cohort studies [34, 35].

Table 6. Predictors of Cardiovascular Risk Among Adult Jains
Measurements B value
Females males
SBP DBP PR SBP DBP PR

Body mass index(kg/m2) 0.578 0.762 0.328 0.165 -0.320 -0.105

Waist hip ratio 0.557 0.401 0.335 0.007 -0.190 -0.168

Waist height ratio 0.323 -0.769 0.195 0.526 0.599 0.228

Waist circumference(cm) -0.876 0.143 -0.334 -0.573 0.049 0.203

The highest values are in bold.
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Table 7. Obesity Indices as Risk Factor (Odds Ratio) for Pre-Hypertension and Hypertension
Obesity Categories Odds ratio (95% confidence interval)
indices Females Males
SBP DBP SBP DBP
Pre Hyperten- Pre Hyperten- Pre hyper- Hyperten- Pre Hyperten-
hypertension sion hypertension sion tension sion hypertension sion
BMI Over-weight 1.732 -0.758 3.650 -0.560 3.132 1571 -0.633 1.329
obese -0.519 -0.148 2.301 2.878 1.420 1.250 2.082
Normal 0? 0? 0? 0? 0? 0? 0? 0?
WHR Risk -0.553 1.468 -0.771 34.989 .059 -0.70 1.882 1.261
Normal 0? 0? 0? 0? 0? 0? 0? 0?
WHtR Risk - - 1.040 1.798 4.723 21.94 3.737 3.963
Normal 0? 0? 0? 0? 0? 0? 0? 0?
WwC Risk - - -0.459 -0.065 -0.872 0.951 1.103 1.100
Normal 0? 0? 0? 0? 0? 0? 0? 0?

0° Reference category.

However in contrast negative correlation between BMI and
myocardial infraction among South Indians males and fe-
males was reported [36]. Obesity status was found to be re-
lated to hypertension [23] and with dyslipidaemia [37]. In
women obesity was found to be associated with cardiovascu-
lar diseases [38-40].

The high prevalence of pre hypertension and stage 11 hy-
pertension was quiet evident in Jain males than females and
it may be due to the occupational tension which comes with
business competition. A majority of the males were in busi-
ness and the females were homemakers.

On the other hand waist height ratio was found to be a
good cardiovascular risk-screening tool among adult Jain
males not BMI as illustrated by a significant positive rela-
tionship of WHtR with blood pressure, elevated odds ratio
for hypertension and high  value. Some investigations have
concluded that, compared with BMI, waist height ratio was
more strongly associated with cardiovascular risk factors
[41, 42]. Waist height ratio demonstrated the best model fit
and strongest associations with cardiovascular diseases [43].
Aekplakorn et al. also reported that WHtR to be associated
with adverse cardiovascular risk in men [44]. Cox et al. re-
ported WHtR to be having stronger linear associations with
log odds of CVD development than BMI in men as com-
pared to women [45]. WHtR as a better predictor of LDL
cholesterol levels and elevated total cholesterol levels has
been reported among men [37]. WHtR adds significantly to
CVD risk prediction over BMI and WG (waist girth) in men
[46]. WHIR is an important index of central obesity, which is
free from any bias due to hip width changes along with waist
circumference of short and tall subjects.

Contrary to our findings and others BMI was found to be
an independent predictor for metabolic syndrome in men
whereas WHR had a strong correlation with metabolic syn-
drome in women [47]. However, to strengthen our finding,

WHR was found to be most weakly associated with cardio-
vascular variables among Jain females rendering it a poor
risk for CVD among them.

The waist hip ratio was one of the most commonly used
anthropometric measures to indicate a central obesity pattern
and an increased risk of cardiovascular disease [48, 49, 14,
50, 23]. The Inter Heart Study also reflected that WHR had a
stronger and graded association with myocardial infarction
worldwide [7].

The present study clearly indicates that BMI (body mass
index) in females and Waist height ratio in males proved to
be a better predictor of cardiovascular risk among adult Jains
as compared to other anthropometric indices. One of the
probable reasons could be that an increase in the amount of
fat with age may be more pronounced in females as com-
pared to males [51]. BMI may not depict the detrimental
mass in males as the increase in weight due to increase in fat
mass is equalized by decrease in lean body mass such as
muscle and mineral components [52, 53] so skin fold thick-
nesses should be incorporated with BMI so as to evaluate the
relative subcutaneous fat mass as well as fat distribution pat-
tern. In males intra-abdominal fat is equalized by decrease in
subcutaneous fat [51, 54] so waist circumference can not be
the sole criteria to define abdominal obesity without taking
height into consideration as height may influence the fat
distribution. Unlike BMI, WHtR takes into account the
distribution of body fat in the abdominal region which has
been shown to be more associated with cardiovascular risks
than body weight [55]. Hence WHTtR is a better predictor of
CVD risk primarily among Asian males [56].

Despite the close association between the obesity meas-
ures and cardiovascular risk, there remains some controversy
regarding the best anthropometric index in prediction of
CVD as adiposity indices may be ethnicity specific in assess-
ing CVD risk. It is evident by various studies among Asian
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and Caucasian populations where the most evidences for the
differences currently exists [57]. India is a multicultural and
multiethnic country where caste endogamy governs the mat-
ing pattern hence presenting a multitude of physique, some
resembling South-East Asians, others being closer to Cauca-
sians and some are mixed. Gender specificity, regarding car-
diovascular health risk through anthropometric indices was
also proved in many studies [24, 37, 47]. So this can be the
reason for the heterogeneity of two different anthropometric
indices in prediction of CVD risk among Jain males and fe-
males. Furthermore the later were more acclimatized to
household work and were not involved in vigorous physical
activities voluntarily or habitually thus disposing them to be
more overweight/obese. The prevalence of obesity was also
reported to increase with sedentary lifestyle among Tangkhul
Naga women [12]. On the other hand Jain males being in
business sector also had sedentary behaviour along with om-
nipresent anxiety which comes with business competition,
not only predisposed them to prehypertension, it also in-
creased the fat amount which might have exaggerated the
already existing androidal fat pattern typical of males thus
the relation of WHtR among males.
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