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Abstract
Background During the past few decades, overweight and obesity have become a global health hazard. The estimation and
documentation of obesity are important in countries like India that have a broad diversity of populations. However, there is
discrepancy in the various adiposity indicators used to estimate obesity. The present study examines population-specific asso-
ciations between percent body fat (%BF) and adiposity variables among females in three population groups.
Materials and methods A cross-sectional study was conducted among Jat, Mizo, and Liangmai communities of India. Data were
collected using interview schedules and somatometric measurements based on ISAK protocols. Body density was calculated
from skinfold measurements and the Siri equation was used to determine %BF. WHO cut-offs were used for waist circumference
(WC), waist-to-hip ratio (WHR), and body mass index (BMI), whereas Ashwell and Gibson and American Council for Exercise
cut-offs were used for waist-to-height ratio (WHtR) and %BF, respectively.
Results Obesity variables are differentially distributed across the three populations. Themean values of%BF andWHtRwere the
highest among the Liangmai, whereas BMI, WC, and WHR were the highest among the Mizo.
Conclusion All of the selected adiposity indicators (WC, WHR, WHtR, and BMI) in all three populations were significantly
positively correlated with %BF. Thus, %BF should be incorporated with other adiposity indicators as well, for a better under-
standing and categorisation of obesity among different populations.
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Introduction

Overweight and obesity have considerably become a global
health hazard as the prevalence of obesity has increased dur-
ing the last few decades [1]. It has also become the most
frequently diagnosed chronic disease inmany countries affect-
ing all age groups. Whenever excessive fat gets accumulated
in the body leading to health impairment, the person is said to
be suffering from obesity [2]. Obesity is diagnosed on the
basis of excess body fat; thus, measuring body fat is important

for the diagnosis of obesity and its associated comorbidities
[3]. Years ago, it was considered as a problem of high-income
countries but now, low- and middle-income countries like
India have shown an increase in the prevalence of obesity [4].

Obesity can be characterised by various adiposity indica-
tors, with body mass index (BMI) being most frequently used
followed by waist circumference (WC), waist-to-hip ratio
(WHR), and waist-to-height ratio (WHtR). But, all of these
adiposity indicators have been shown to be of limited use for
distinguishing lean mass from fat mass [5]. If BMI is the sole
measure for estimation of obesity, individuals with high per-
cent body fat (%BF) and low BMI will escape the detection of
obesity-related diseases [6, 7]. Moreover, the prediction of
central obesity through WC, WHR, and WHtR using a stan-
dard cut-off seems to be less accurate, as differences in body
composition exist between different age groups and ethnic
groups [8]. Thus, the estimation of %BF has now become an
important measure for assessing obesity [9]. Amongwomen, a
higher level of essential body fat is observed as compared to
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men, because sex-characteristic fat is essential for child-bear-
ing. Moreover, the fat deposition and weight gain before, dur-
ing, and after pregnancy not only affect current pregnancy but
also act as primary contributors to the development of obesity
among women in later stages of life [10].

Although a number of obesity variables have been
studied and reported, identification of feasible, cost-effec-
tive, and relatively common variable is needed. The num-
ber of deaths due to non-communicable diseases is rapidly
increasing; therefore, it is essential to spread awareness
among the general population about maintenance of desir-
able amount of fat in body. Thus, estimation of body fat
will not only provide an overall impression of health but
will also set a good baseline, and later provide a quanti-
tative number on which a fitness programme can be de-
veloped for any population. Specifically in Indian context,
where there is a huge diversity at every level, population-
based studies associating percent body fat with other ad-
iposity variables using anthropometry are almost negligi-
ble. Thus, the present study aims to estimate obesity using
%BF and by comparing it with other adiposity indicators
(WC, WHR, BMI, WHtR) among tribal (Mizo and
Liangmai) and non-tribal (Jat) females of India.

Materials and methods

Study population

A cross-sectional study was conducted across three different
communities, namely, the Jat, Mizo, and Liangmai. Data were
collected from 1483 females among whom 1070 were from
the Jat community residing in the Palwal district of Haryana,
227 were from the Mizo community from the Churachandpur
district of Manipur, and 186 were from the Liangmai commu-
nity from the Tamenglong and Senapati districts of Manipur,
India. The age group of the Jat females was 30 to 65 years and
the age groups of the Mizo and Liangmai females were 18 to
65 years. The presently studied non-tribal population Jat in-
habits the plain area of Haryana, whereas the studied tribal
populations Mizo and Liangmai inhabit the hilly terrain of
Manipur. Jat has a Eurasian ancestry and speaks language
belonging to Indo-European linguistic group. Their major sta-
ple food is wheat and they follow vegetarianism. In contrast,
Mizo and Liangmai females belonged to East-Asian ancestry
and speak languages categorised under Tibeto-Burman lin-
guistic group. Their major staple food is rice and they are
non-vegetarians.

The data used in the present study were collected through
household survey carried out as part of different projects
where genetic analyses were done. Thus, the major criteria
for recruitment of participants in this study were that the par-
ticipants should not be blood related up to at least the first

cousin. The study was approved by the Ethical Committee
of the Department of Anthropology, University of Delhi,
Delhi, India.

Data collection

Data related to general information like age, sex, educational
status, lifestyle, occupation, and dietary pattern were collected
with the help of pre-tested and modified interview schedules.
Eight somatometric measurements were carried out, namely
height, body weight, waist circumference, hip circumference,
and skinfold at biceps, triceps, and subscapular and supra-
spinale locations using standardised protocols established by
the International Society for the Advancement of
Kinanthropometry (ISAK) [11]. Height was measured in
centimetres (cm) using an anthropometric rod and was record-
ed to the nearest 0.1 cm. Body weight was measured to the
nearest 0.1 kilogrammes (kg) using a portable spring balance.
Waist circumference (WC) and hip circumference (HC) were
taken using a flexible steel tape in centimetres. WC was mea-
sured at the level of the narrowest point between the lower
costal (10th rib) border and the iliac crest. HCwasmeasured at
the level of the greatest posterior protuberance of the buttocks
which usually corresponds anteriorly to about the level of the
symphysis pubis.

Skinfold thickness was measured in millimetres (mm) using
Harpenden skinfold calliper to the nearest of 0.1 mm. Skinfold at
biceps and triceps was taken at the place where the mid upper
arm circumference has been measured and above the biceps and
triceps muscles, respectively, when the arm is hanging freely.
Subscapular skinfold was taken at the point immediately below
the inferior angle of the scapula and skinfold at supra-spinale was
taken above the anterior superior iliac spine on a line to the
anterior axillary border and on a diagonal line going downwards
and medially at 45°.

Percent body fat and other adiposity parameters

Body density was calculated using the age- and sex-specific
Durnin and Womersley equation (1974) [12] and, after that,
the Siri equation (1961) [13] was used to determine %BF. The
age- and sex-specific equations of the Durnin and Womersley
(where D= predicted density of the body (g/ml), and L= log of
the total of the 4 skinfolds) and Siri equation are as follows:

1. Age—Less than 17 years

Males—D ¼ 1:1533− 0:0643� Lð Þ Females—D ¼ 1:1369− 0:0598� Lð Þ

2. Age—17–19 years

Males—D ¼ 1:1620− 0:0630� Lð Þ Females—D ¼ 1:1549− 0:0678� Lð Þ
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3. Age—20–29 years

Males—D ¼ 1:1631− 0:0632� Lð Þ Females—D ¼ 1:1599− 0:0717� Lð Þ

4. Age—30–39 years

Males—D ¼ 1:1422− 0:0544� Lð Þ Females—D ¼ 1:1423− 0:0632� Lð Þ

5. Age—40–49 years

Males—D ¼ 1:1620− 0:0700� Lð Þ Females—D ¼ 1:1333− 0:0612� Lð Þ

6. Age—more than 50 years

Males—D ¼ 1:1715− 0:0779� Lð Þ Females—D ¼ 1:1339− 0:0645� Lð Þ

Siri Equation 1961ð Þ : %Body Fat

¼ 495=Body Densityð Þ−450

Various adiposity indicators like WC, BMI, WHR, and
WHtR were calculated. BMI was calculated as weight in
kilogrammes divided by height in metres square. Waist-to-
hip ratio was calculated as waist circumference divided by
hip circumference. Waist-to-height ratio was calculated as
waist circumference divided by height. Females with WHR
> 0.85, WC ≥ 80 cm, BMI ≥ 27.5 [2, 14], WHtR ≥ 0.5 [15],
and %BF ≥ 32.00 were considered to be at risk [16].

Statistical analysis

Statistical analyses were carried out using MS Excel 2010 and
SPSS 20. Basic descriptive statistics (mean and standard de-
viation) were calculated to understand the diversity of various
adiposity indicators and somatometric measurements among
females in all three population groups. Between-group differ-
ences in somatometric variables were tested using one-way
analysis of variance (ANOVA) followed by Bonferroni post
hoc test. Pearson’s correlation coefficients (r) were calculated
to determine the relation of %BF with BMI, WC, WHR, and
WHtR. Results with p values < 0.05 were considered
significant.

Results

A differential distribution of various adiposity indicators was
found, where high WHR was observed in 62.3% (667/1070)
Jat females, whereas 52.8% (565/1070) females had central
obesity, 48.9% (524/1070) females had high %BF, 37.6%
(403/1070) females had high WHtR, and 21.21% (227/1070)
females had high BMI. On the other hand, 19.5% (209/1070)
Jat females were found to be underweight. In the case of Mizo
females, 80.1% (182/227) had high WHR, 73.1% (166/227)

had central obesity, 52.8% (120/227) had highWHtR, 45.81%
(104/227) had high BMI, and 29.9% (68/227) had high %BF.
On the other hand, 3.5% (8/227) females were found to be
underweight. Also, among Liangmai, high WHR was ob-
served in 84.9% (158/186) females, whereas 73.1% (136/
186) females had central obesity (WC), 63% (119/186) had
highWHtR, 53.7% (100/186) had high%BF, and 43.01% (80/
186) had high BMI. On the other hand, 1% (2/186) females
were found to be underweight (Table 1).

Correlation analyses indicated that all the selected adipos-
ity indicators (BMI, WC, WHR, WHtR) in all three popula-
tions demonstrated statistically significant positive correla-
tions with %BF (Table 2).

All the adiposity indicators in all three populations are found
to be higher than the normal ranges except for BMI in the Jat
population. The mean values of BMI (21.99 kg/m2), WC
(81.16 cm), WHR (0.87), and WHtR (0.52) were lowest among
Jat females when compared with Mizo and Liangmai females.
However, significantly higher mean values of BMI (24.84 kg/
m2) and WC (86.61 cm) were found among Mizo females. On
the other hand, Liangmai females have comparatively higher
statistically significant mean values of %BF (31.73%), WHR
(0.92), and all skinfold thicknesses (S-Table 1).

The percentages of Jat females classified by BMI as being
normal body weight and as overweight but classified as obese
by %BF were 41.3% and 75%, respectively. In Mizo females,
11.1% and 35.7% of those classified by BMI as being normal
bodyweight and as overweight, respectively, were found to be
obese by %BF. In Liangmai females, 25% and 66.2% of those
classified by BMI as being normal body weight and as over-
weight, respectively, were found to be obese by %BF. In all
the three populations, 89.7%, 50%, and 80.9% of those clas-
sified as obese by BMI were also found to be obese by %BF
among Jat, Mizo, and Liangmai females, respectively (S-
Table 2a).

The percentages of Jat females classified by WC as being
normal body weight and at risk for obesity but classified as
obese by %BF were 21.3% and 73.6%, respectively. In the
case of Mizo females, 1.63% and 40.4% of those classified by
WC as being normal body weight and at risk for obesity,
respectively, were found to be obese by %BF. In Liangmai
females, 20% and 66.2% of those classified by WC as being
normal body weight and at risk for obesity, respectively, were
found to be obese by %BF (S-Table 2b).

The percentages of Jat females classified byWHR as being
normal body weight and at risk for obesity but classified as
obese by %BF were 15% and 55.8%, respectively. In the case
ofMizo females, 5.5% and 32.1% of those classified byWHR
as being normal body weight and at risk for obesity, respec-
tively, were found to be obese by %BF. In Liangmai females,
25.1% and 58.6% of those classified byWHR as being normal
body weight and at risk for obesity, respectively, were found
to be obese by %BF (S-Table 2c).

Int J Diabetes Dev Ctries (October–December 2019) 39(4):715–720 717



The percentages of Jat females classified by WHtR as be-
ing normal body weight and at morbidly high risk for obesity
but classified as obese by %BF were 19.1% and 86.4%, re-
spectively. In the case of Mizo females, 53.5% of those clas-
sified byWHR as being at morbidly high risk for obesity were
found to be obese by %BF. In Liangmai females, 14.8% and
83.3% of those classified by WHtR as being normal body
weight and at morbidly high risk for obesity, respectively,
were found to be obese by %BF (S-Table 2d).

Discussion

The identification of true obese individuals in a population is
highly essential for the detection of obesity-related diseases,
specifically in countries like India where the levels of obesity
have increased extensively in the past few years [17]. The
results of the present study showed a significant difference
in estimates of body composition among all three populations.
Even though a modified criterion for defining overweight and
obesity in the Indian population was used, it does not always
indicate the degree of obesity. According to this criterion, all
the adiposity indicators in all three populations were found to
be higher than the prescribed normal ranges [2, 15] except for
BMI in the Jat population (S-Table 1 and Table 1). This seems
to indicate a burden of obesity in the three selected popula-
tions in terms of various adiposity indicators. However, the
mean %BF was in normal range in all the populations (S-
Table 1).

Generally, obesity has been measured using various adi-
posity indicators like BMI, WC, WHR, and WHtR, but until
now, no common consensus has been derived on the best
predictor of obesity. Earlier, BMIwas considered to be a better
predictor of obesity and its associated risk factors; then later
on, evidence suggested a greater association ofWC andWHR
with obesity [18] and metabolic syndromes in comparison
with BMI [19–22]. Few recent studies have also revealed
WHtR to be a better predictor of obesity and metabolic risk
compared with other adiposity indicators [15, 23–25]. The
reason being, height of an individual influences the distribu-
tion of body fat, and so, by keeping waist circumference to
less than half of height, the body fat will get distributed evenly.
However, there is an inconsistency in the use of these adipos-
ity indicators for predicting the levels of obesity and its related
disorders, in terms of different ethnicities [26].

Further, the estimation of general and central obesity
through BMI, WC, and WHtR does not take body fat distri-
bution into account. All these adiposity indicators poorly dis-
tinguish between total body fat, total body lean mass, and
bone mass [27]. The existing literature also suggests %BF to
be a relatively better measure of excess adiposity and obesity
[28–30]. Also, individuals with high %BF will tend to escape
from being screened for the risk of obesity and its related
diseases even if other adiposity variables are found to be nor-
mal. The similar type of discrepancy has been found in our
results, where 41.3%, 11.1%, and 25% females classified ear-
lier as normal by BMI were found to be obese by%BF among
Jat, Mizo, and Liangmai, respectively (S-Table 2a). Thus,
these BMI-classified normal females would be at higher risk
for obesity-related diseases, if %BF was not measured simul-
taneously. Moreover, the prediction of obesity using %BF
among the obese individuals by BMI is different in different
populations, as 89.7% and 80.9% females were identified as
obese by both BMI and %BF among Jat and Liangmai, re-
spectively. On the other hand, only 50% females were identi-
fied as obese by both BMI and %BF among Mizo.

Another interesting finding of the present study is that, in
the case of Jat females who were classified as underweight by
BMI, 8.6% turned out to be obese when their %BF was mea-
sured. Similar results have been found for other adiposity

Table 1 Prevalence of
underweight and increased %BF,
BMI, WC, WHR, and WHtR
among females of Jat, Mizo, and
Liangmai populations

Variables Jat Mizo Liangmai p value

Increased %BF 524/1070 (48.9%) 68/227 (29.9%) 100/186 (53.7%) < 0.000*

Increased BMI 227/1070 (21.21%) 104/227 (45.81%) 80/186 (43.01%) < 0.001*

Underweight 209/1070 (19.5%) 8/227 (3.5%) 2/186 (1.0%) < 0.001*

Increased WC 565/1070 (52.8%) 166/227 (73.1%) 136/186 (73.1%) < 0.001*

Increased WHR 667/1070 (62.3%) 182/227 (80.1%) 158/186 (84.9%) < 0.001*

Increased WHtR 403/1070 (37.6%) 120/227 (52.8%) 119/186 (63.0%) < 0.001*

%BF, percent body fat; BMI, body mass index;WC, waist circumference;WHR, waist-to-hip ratio;WHtR, waist-
to-height ratio; *p < 0.05 are significant

Table 2 Correlation between percent body fat and various adiposity
indicators among Jat, Mizo, and Liangmai females

Adiposity indicators Populations

Jat Mizo Liangmai

BMI 0.61** 0.51** 0.58**

WC 0.61** 0.54** 0.54**

WHR 0.32** 0.28** 0.34**

WHtR 0.62** 0.52** 0.52**

**Correlation is significant at 0.01 level (2-tailed)

Int J Diabetes Dev Ctries (October–December 2019) 39(4):715–720718



indicators (WC, WHR, and WHtR) where females have been
misclassified as normal according to these adiposity indicators
(S-Table 2b, c, and d). These results are in accordance with the
existing literature that suggests individuals with high %BF and
normal BMI are more likely to develop metabolic syndrome
[31] and cardiovascular diseases [32–34]. Also, various previ-
ous studies reported that increased cardiovascular risk is asso-
ciated with high %BF regardless of BMI which may lead to
underestimation of participants with CVD risk factors [35, 36].

Thus, for assessing obesity among populations, BMI and
other adiposity indicators like WC, WHR, and WHtR alone
could not be considered as sole indicators [37, 38], as individ-
uals get masked from the screening of underlying excess ad-
iposity characterised by an increased percentage of fat mass
and reduced muscle mass. Rather, percent body fat using ap-
propriate formula along with other adiposity indicators should
be considered to capture and categorise obesity in populations
[39, 40].

Conclusion

The study concludes that %BF measurement should be incor-
porated with other adiposity variables in order to reduce the
discrepancy in the classification of true obese individuals and
for a better understanding of obesity-related diseases.
However, the results of the present study need to be validated
with larger sample size including males.
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