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Abstract

Objectives: A new index of adiposity named body adiposity index (BAI) has been very recently

proposed based on an investigation on Mexican-Americans and African-Americans.  However,

extensive perusal of literature worldwide revealed that, till date, no study has been undertaken

using this new index. Ours is the first population-based study (except the original study) using

this new index. Our objective was to evaluate the nutritional status, based on both the

conventional index of adiposity (Body Mass Index, BMI) as well as this new index, of adult

tribal Munda and Oraons of Paschim Medinipur, West Bengal.  It also attempted to determine

how well the results, using these two different indices, concur.

Materials & Methods: This cross sectional study was conducted among 210 (106 Munda and

104 Oraon) adult males from these tribal communities. Nutritional status was classified into four

categories following standard cut-off values: underweight, normal, overweight and obese.

Anthropometric variables weight, height and hip circumference were measured and BMI and

BAI were computed.

Results: Among Mundas, based on BMI, 35.8 % and 1.0 % had chronic energy deficiency

(CED) and overweight, respectively. However, using BAI, 36.8 % of subjects were overweight.

Among Oraons, based on BMI, the frequencies of CED and overweight were 37.5 % and 1.0 %,

respectively. However, based on BAI, 41.3 % were overweight. The ethnic-combined rates of

CED and overweight based on BMI were 36.7 % and 1.0 %, respectively. On the basis of BAI,

ethnic-combined rates of overweight and obesity was 39.0 %.
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Discussion & Conclusion: These results clearly indicated that there were vast differences, while

using these two indicators, in the classification of nutritional status.  More validation studies

among different ethnic groups are needed before BAI can be recommended for use in the study

of nutritional status.
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Introduction:
Obesity is a term used to describe body

weight or body fat that is much greater than
what is normal or healthy. Obesity increases
the likelihood of various diseases, particularly
heart disease, type 2 diabetes, breathing
difficulties during sleep, certain types of
cancer, and osteoarthritis [1]. Obesity is a
leading preventable cause of death worldwide,
with increasing prevalence in adults and
children, and authorities view it as one of the
most serious public health problems of the
21st century [2]. Before the 20th century,
obesity was rare [3] in 1997 the WHO
formally recognized obesity as a global
epidemic [4]. In 2008, 1.5 billion adults, 20
and older, were overweight. Of these over 200
million men and nearly 300 million women
were obese.[5]. The WHO predicts that
overweight and obesity may soon replace
more traditional public health concerns such
as under nutrition and infectious diseases as
the most significant cause of poor health [6].
Obesity is a public health and policy problem
because of its prevalence, costs, and health
effects [7]. Very recently, a new index of
adiposity, namely the body adiposity index
(BAI) [8]
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has been developed. The authors have
suggested that the BAI can be used to reflect
%body fat for adult men and women of
differing ethnicities without numerical
correction. The BAI can be measured without
weighing, which may render it useful in
settings where measuring accurate body
weight is problematic. It can be used in the
clinical setting even in remote locations with
very limited access to reliable scales. The BAI
estimates % adiposity directly. There are, of
course, drawbacks. One issue is that the BAI
calculation was used on Hispanic and
African-American populations, so researchers
will need to do more research on other ethnic
groups before they can determine if it's useful
for a wide range of populations.

Extensive perusal of worldwide literature
revealed that, till date, no study has been
undertaken using this new index. Ours is the
first population-based study (except the
original study) using this new index.  Our
objective was to evaluate the nutritional
status, based on both the conventional BMI as
well as the new index BAI, of adult tribal
Munda and Oraons of Paschim Medinipur,
West Bengal. It also attempted to determine
how well the results, using these two different
indices, concur.
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Materials and methods:

Study Sample: This cross sectional study
was conducted among 210 (106 Munda and
104 Oraon) adult males from these tribal
communities. According to the Census of
West Bengal 2001, the total tribal population
of West Bengal was 4,406,794 constituting
5.5 % of the total population of the state. The
state has registered 15.7 % decadal growth of
ST population in 1991-2001. There are total
thirty eight (38) notified STs in the state.
Oraon comprises 14 % and Munda, 7.8 % of
the total tribal population, respectively, of
India.

Study Area: This study was carried out as
part of a dissertation work being undertaken
by one of the authors (BD). The study area
comprised of two villages namely
‘Muradanga’ and ‘Taldanga’; situated
approximately 130 kms from Kolkata, the
provincial capital of West Bengal.

Measurements: Internationally accepted
standard protocol was followed for
anthropometric measurements [9].
Anthropometric variables included weight,
height and hip circumference. The
information on ethnicity and age were
obtained from all subjects by using a pre-
tested questionnaire. The BMI was computed
using the following standard equation:

BMI = Weight (kg) / height (m2).

Nutritional status was evaluated using
internationally accepted BMI guidelines [9].
The following cut-off points were used:

CED: BMI <18.5
Normal: BMI 18.5-24.9
Overweight: BMI 25.0- 29.9
Obese: BMI ≥ 30.0

We followed the World Health
Organization's classification [10] of the public
health problem of low BMI, based on adult
populations worldwide. This classification
categorizes prevalence according to
percentage of a population with BMI< 18.5.

Low (5-9%): warning sign, monitoring
required.

Medium (10-19%): poor situation.
High (20-39%): serious situation.
Very high (≥ 40%): critical situation.

The following equation was used to calculate
Body Adiposity Index (BAI) [8]:

BAI = Hip circumference (cm) /
(Height (m) X √Height (m)) – 18

While guidelines vary, most recommend
that women with about 23 to 35 percent body
fat are in the healthy range, those with 35 to
40 percent body fat are overweight, and those
with above 40 percent body fat are obese.
Most recommendations say men with 11 to 22
percent body fat are in the healthy range,
those with 22 to 27 percent body fat are
overweight, and those that have above 27
percent body fat are obese [8].
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The following BAI cut-off points were used [8]:

Nutritional Status MEN WOMEN

UNDERNUTRITION < 11% < 23 %

NORMAL 11 – 21.9% 23 – 34.9 %

OVERWEIGHT 22 - 27 % 35 - 40 %

Obese > 27 % > 40%

Student's t-test was performed to test for
ethnic differences in mean age and
anthropometric variables. Correlation
analyses were done to test for the association
between BMI and BAI in the two ethnic
groups. Ethnic differences in nutritional status
based on BMI and BAI were determined by
chi-square test (x2 test). All statistical analyses
were undertaken using the SPSS Statistical
Package and Microsoft Excel 2003. Statistical
significance was set at p < 0.05.

Results: The mean age of the subjects were
(Munda: mean = 28.99 years, sd = 5.89 years;
Oraon: mean = 27.74 years, sd = 5.52 years)
similar. There was no significant age
difference (t = 1.586, p = 0.114) between
them. The minimum, maximum, mean,
standard deviation and t-test of weight, height,
hip circumference, BMI and BAI among adult
Munda and Oraon males are presented in
Table 1. The mean weight, height, hip
circumference, BMI and BAI of Mundas were
49.59 kg, 160.05 cm, 79.49 cm, 19.35 kg/m2

and 19.35%, respectively. Among Oraons
these were 50.03 kg, 160.21 cm, 79.33 cm,
19.46 kg/m2 and 21.17%, respectively. There
was no significant ethnic difference between
them in any of the anthropometric variables.

Correlation studies revealed that there was
similar significant positive correlation
between BMI and BAI in both ethnic groups
(Munda: r = 0.762, p < 0.01; Oraon: r = 0.543,
p < 0.01). There were no significant
correlation of age with BMI (r = -0.025, p =
0.797) and BAI (r = 0.015, p = 0.879) in
Mundas. Among Oraons, there existed a
significant negative correlation of age with
BMI (r = - 0.232, p = 0.018). However, no
significant correlation with BAI (r = -0.159, p
= 0.108) was observed in this ethnic group.

The prevalence of nutritional status, based
on both BMI as well BAI is presented in
Table 2. From this table it can be inferred
that, based on BMI, Mundas (35.8 %) and
Oraons (37.5 %) both had high frequency of
CED. There was no significant difference
between them in CED prevalence (x2= 0.063).
Based on the WHO [10] classification, the
prevalence of CED was high (20-39%)
indicating a serious situation.

On the other hand by using BAI we found
that Mundas had very high rates of
overweight (36.8 %).  Similar high prevalence
(41.3 %) was found among Oraons. There was
no significant ethnic difference in body fat (x2

= 0.462).
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Discussion: Body Adiposity Index (BAI) is
a new method of measuring obesity (human
body fat) and it is termed more exact and
trustworthy. More than half a billion people,
or one in 10 adults worldwide, believed to be
obese that calculation is more than twice the
number in 1980 [10]. The BMI has been used
to assess body fat for almost 200 years. It has
been recently suggested that BMI is known to
be of limited accuracy, and is different for
males and females with similar % body
adiposity [11]. BAI is better than BMI as it
consider factors such as lifestyles or
nationalities. BAI consider body structures,
ethnicities and muscle fat so it give more
precise calculation than BMI. Compared to
BMI, BAI give more accurate measure of a
patient’s ratio of fat-to-lean tissue. Since, BAI
relies on height and hip measurements
whereas BMI relies on a ratio of height and
weight [12]. Obesity is a growing problem in
the United States and throughout the world. It
is a risk factor for many chronic diseases.
Women and men with the same BMI might
have very different levels of extra flab. BMI
numbers cannot be generalized across
different ethnic groups or used with athletes.
BAI can be measured without weighing,
which may render it useful in settings where
measuring accurate body weight is
problematic [11].

Our results clearly indicated that using
these two indicators of nutritional status
demonstrated very contrasting results.  While
using BMI indicated a high prevalence of
CED, BAI-based classification demonstrated
a very high prevalence of overweight. These
results indicated that BAI may underestimate

the prevalence of CED while overestimating
the prevalence of overweight, compared to the
more conventional measure of BMI.
Although one of the limitations of the present
study was the absence of any direct measures
of adiposity, the dichotomy of results obtained
regarding the evaluation of nutritional status
cannot be ignored and needs further research.

Conclusion:

Although this new index may be a useful and
cheap method for accessing body fat of adults,
its validity in the determination of nutritional
status across ethnic groups must be
ascertained.  Moreover, future studies should
incorporate direct measures of adiposity
(measured by BIA or DEXA) while
comparing the utilities of BMI and BAI in the
assessment of nutritional status However,
more research needs to be done (since this
new index has been studied among only
Mexican-Americans and African-Americans)
before it can be considered a valid measure of
body fat having utility in the evaluation of
nutritional status.
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Table 1: Minimum, maximum, mean and standard deviation of weight, height, hip
circumference, BMI and BAI of Munda and Oraon tribals of Medinipur, West Bengal.

Variables Munda (n = 106) Oraon (n = 104)

Minimum Maximum Mean SD MinimumMaximum Mean SD t

Weight (kg) 35 70 49.59 6.47 34 71 50.03 7.39 -0.456

Height (cm) 147.5 174.3 160.05 5.61 145.6 177.0 160.21 6.57 -0.191

Hip
circumference

(cm)
69.0 94.0 79.49 4.90 65.0 95.0 79.33 5.14 0.232

Body Mass
Index (kg/m2)

13.79 25.81 19.35 2.22 14.64 27.29 19.46 2.36 -0.336

Body
Adiposity

Index (body
fat)

15.16 27.19 21.30 2.55 11.33 27.8 21.17 2.69 0.365

Table 2: Prevalence of nutritional status based on BMI and BAI
among adult Munda and Oraon men.

Ethnic
Group

BMI (kg/m2) BAI (body fat)*

Undernutrition
< 18.5

Normal
18.5 –
24.9

Overweight
25.0 – 29.9

Obese
≥ 30.0

Underweight
< 11 %

Healthy
11 to

21.9 %

Overweight
22 to 27%

Obese
> 27
%

Munda 35.8 63.2 1.0 0 0 62.3 36.8 0.9
Oraon 37.5 61.5 1.0 0 0 57.7 41.3 1.0

* Based on standard classification [8].
Ethnic difference = x2

(2) = 0.063 (Based on BMI), not significant.
Ethnic difference = x2

(2) = 0.462 (Based on BAI), not significant.


