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ABSTRACT

An estimate of body mass index (BMI) is a convenient technique to determine a healthy weight
in accordance with height and is based on certain anthropometric parameters. This study was un-
dertaken to statistically analyze the differential significance of anthropometric parameters in
contributing to regional and age variation in BMI in a cohort population. The study popula-
tion comprised of 101 school teachers from Mumbai (coastal) and Gwalior (plains) regions of
both sex (males=76) and (females=25). The data on age, waist circumference and hip circumfer-
ence was obtained and subjected to regression analysis using the IBM SPSS version 22 software.
In general, the results show that, waist in males and hip circumference in females is the single most
important parameter in estimating the BMI1. However, by considering all the three parameters i.e. age,
waist and hip circumferences, the accuracy of BMI estimation can be enhanced both in males and
females. The results exhibit a significant effect of regional influence but marginal influence of age in
estimating the BMI.

A definite and interesting difference in the contribution of anthropometric parameters in the regional
variation of BMI was detected. The observations strongly suggest development of region-wise as well as

age-wise BMI estimation models.
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INTRODUCTION Weight-related concerns and body dissat-

Body mass index (BMI) is an indirect- isfaction are major influential factors in the
ly calculated estimate of body fat based on predisposition to eating disorders and psycho-
weight and height used to help determine logical disturbances like depression (Stice and
whether a person is in a state of healthy or un-  Shaw, 2002; Neumark-Sztainer, 2006; Ackard
healthy weight. A high BMI usually indicates and Croll, 2002; Stice and Bearman, 2001;
excessive fat in the body; likewise, a low BMI  Johnson and Wardle, 2005).
is indicative of decreased fat. A high BMI is
believed to be generally associated with se- A very low BMI can also cause health
rious conditions, such as heart disease, high problems like osteoporosis, decreased im-
blood pressure, diabetes and metabolic abnor- mune function and nutritional deficiencies.
malities (Sinha et al., 2002; Marcovecchio et WHO also has recommended classifica-
al.; 2005, Cali et al.; 2007; Berenson, 2005).  tions of bodyweight based on body-mass index
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(BMI), the deviation from the normal range of
which can be associated with increased risk
of some non-communicable diseases (WHO,
1995; WHO, 2000). However, a few studies
indicate that body fat, not BMI, is a more reli-
able indicator of health risks.

Although BMI is useful in mass screening
of a population for body weight related prob-
lems, it has definite limitations. It may overes-
timate the amount of body fat in athletes and
other people with very muscular bodies; on
the other hand, it may also underestimate the
amount of body fat in older adults and other
people who have for various reasons lost mus-
cle mass.

In recent times, researchers have raised
doubts and concerns over the accuracy of
BMI for measuring body weight claiming that
it cannot distinguish between fat and muscle
mass; furthermore, it also fails to provide
clear distinction among the different types of
fat that have differential beneficial and meta-
bolic effects in the body. Several findings sug-
gested that BMI is a flawed measure as it does
not correctly identify individuals with excess
body fat due to its inability to differentiate fat
and fat-free mass and it does not account for
the effect of age and ethnicity on body fat dis-
tribution (Fogelholm, 2010; Romero-Corral et
al., 2008; WHO, 2000; Deurenberg et al.,1998;
Welborn and Dhaliwal, 2011).

The study published in PLOS by Wang et
al. (2018) reported significant difference in
analysis of BMI and body weight perception
and the consistency of BMI and body weight
perception was poor.

Generally, the range of a healthy BMI is
18.5 to 24.9. However, for Indians, it is found
that even people with lower BMI than 25 are
vulnerable to health risks especially diabetes;
hence, the healthy BMI cut off value has been
lowered to 23, the rationale behind it being
that Asian people possess more fat content
than non-Asians and the distribution of fat
also differs in Asians as compared to that in

the Western population.

Ahmed et al. (2016) reported that the waist
circumference (WC) also plays an important
role in measuring obesity; hence, both BMI
and WC are important for measuring obesity
in the Indian population. Abdominal obesity
as determined by increased WC is an estab-
lished risk factor for metabolic syndrome,
diabetes mellitus and cardiovascular disease
in adults (Zimmet et al., 2007). In one study
(Kavaric et al., 2015), it was found that WC
correlated better than BMI with cardio-met-
abolic markers in healthy normal weight and
overweight adolescents. Madeshiya et al also
observed BMI, WC, hip circumference (HC)
and waist-hip ratio (WHR) as independent
markers for obesity, suggesting that only one
of these measures need to be obtained for clin-
ical and research purpose (Madeshiya et al.,
2017). Therefore, it is in the absence of a more
rapid and cost-effective means of estimation
of body fat that BMI is viewed as the best op-
tion even today.

Data available on regional variation of
BMI in India is limited. This study was under-
taken with the objective of determining ma-
jor contributing anthropometric parameters in
regional difference(s) in BMI in a cohort of
male and female school teachers.

MATERIALS AND METHODS

The study population comprised of 101
school teachers with nearly similar lifestyle
and dietary habits. There were 76 males aged
22-60 years (mean+SD=46.66+8.79 years)
and 25 females aged 30-56 years (mean
+SD=46.96+8.52 years). The participants
were from Mumbai (coastal) and Gwalior
(plains) regions.

The subjects’ data on age, waist circum-
ference, hip circumference and waist to hip
ratio were collected and subjected to regres-
sion analysis using the IBM SPSS version 22
software.
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RESULTS

The study was targeted at the school teach-
ers considering that they fairly represent a
well-educated section of the society and are in
an authentic position to systemically educate
and disseminate knowledge and importance
of BMI to students (growing youth of the so-
ciety) in a divergent manner. The data were
analyzed to investigate the following four re-
search issues:

Possible identification of a single param-
eter that is strongly associated with BMI as-
sessment in males and females separately.

Possible maximization of BMI estimation
by developing models in males and females
separately.

Regional specificity of BMI estimation in
both genders.

Cluster age category specificity of BMI es-
timation in both genders.

In order to address the above four issues,
the data were analyzed with regression analy-
sis (Verma, 2016). All the models discussed in
Table 1 to Table 4 were found to be signifi-
cant at 5% level. Table 1 shows the coefficient
of determination (R?) which was obtained by
simple regression in which three independent
variables namely age, waist and hip circumfer-
ences were investigated. It can be seen that the
waist accounts for 46.2% variability in BMI in
the male category; whereas, in females 70.6%
variability in BMI is accounted for by the hip
circumference. Thus, waist circumference in
males and hip circumference in females are
the single most important parameters in esti-
mating BMI.

Table 1. Single most important parameter in estimating BMI

Gender Variable Coefficient of Determination
(R?)
Male Waist 0.462
Female Hip 0.706

Dependent variable: BMI

The results of multiple regression for esti-
mating BMI in males and females are shown
in Table 2. In males, besides waist circum-
ference, if age and hip circumference are also
included in the model, 51.6% variability is
accounted for in the BMI estimation instead
of 46.2% when only waist circumference is

Table 2. Model parameters in estimating BMI

taken. Similarly, in females, inclusion of age
and waist circumference with hip circumfer-
ence enhances accountability of 71.7% vari-
ability in BMI. Thus, BMI can be estimated
more accurately by inclusion of age, waist and
hip circumferences in comparison to only one
variable.

Gender Model Parameters Coefficient of Determination
(R?)
Male age, waist, hip 0.516
Female age, waist, hip 0.717

Dependent variable: BMI
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In order to see the impact of regional influ-
ence (coastal and plains) in estimating BMI,
the regression analysis was performed region
wise in males and females separately the re-
sults of which are shown in Table 3. It can be

seen from this table that in Mumbai three pa-
rameters (age, waist and hip circumference)
accounts for 76.5% variability in BMI in com-
parison to only 41.7% in Gwalior in the male
category.

Table 3. Effect of Regional influence in estimating BMI

Gender Region Model Parameters Coefficient of Determination
(R?)
Gwalior age, waist, hip 0.417
Male
Mumbai age, waist, hip 0.765
Gwalior age, waist, hip 0.894
Female
Mumbai age, waist, hip 0.572

Dependent variable: BMI

To observe the impact of age in estimat-
ing BMI, regression analysis was performed
first by taking all the subjects (age varying
from 22 to 60 years) and then restricting with
the subjects in 35-55 years age category. The
age category 35-55 years was chosen because
of less energy imbalance in comparison to
the age category 22 to 60 years. All models
in male and female categories are shown in
Table 4. Each model included the same three
parameters namely age, waist and hip circum-
ference but different levels of predictability.
The coefficient of determination (R?) indi-
cates the percentage variability in the BMI ex-

Table 4. Effect of Age in estimating BMI

plained by the independent variables selected
in the model. It can be seen from the Table
4 that in the male category (35-55 years), the
model comprising three independent variables
namely age, waist and hip circumferences ac-
counts for 67.2% variability in comparison to
51.6% when all the subjects were taken (22-60
years). On the other hand, in female category
the same three variables in the model accounts
for 71.7% variability when all the subjects
were taken (22-60) in comparison to 70.9%
variability when subjects were taken in 35-55
years weight category.

Gender Age category Model Parameters Coefficient of Determination
(R?)
22-60 yrs age, waist, hip 0.516
Male
35-55 yrs age, waist, hip 0.672
22-60 yrs age, waist, hip 0.717
Female
35-55 yrs age, waist, hip 0.709

Dependent variable: BMI
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DISCUSSION

The analysis of the results shows that the
estimation of BMI in Mumbai region is more
reliable in comparison to Gwalior as far as
males are concerned. However, this trend is
reversed in the female category where more
variability in BMI is accounted for in the
Gwalior region (89.4%) in comparison to that
in Mumbai (57.2%).BMI can be viewed as
an important factor for health as it gives an
indication of desirable weight in accordance
with the height and a possible carriage of risk
factor(s) for certain diseases mentioned in
earlier section; it can, therefore, operate as an
alert signal for pre-emptive measures required
to be taken in the form of lifestyle and dietary
changes to ward off the health risks.

Although BMI is an easy and popular
method of identifying the weight of a person,
it does have definite limitations as it does not
take the body fat measurement into consid-
eration and suitable correction for men and
women that are known to possess differenc-
es in body frame and muscular build up, and
lastly BMI cannot directly indicate any health
disease.

It can be questioned why we have tried to
estimate the BMI in different regions and age
categories; the fact that the estimation of BMI
1S more accurate in certain region and age
categories suggests that the formula of BMI
may be modified region-wise and age-wise if
a similar trend is observed in larger studies.

CONCLUSION

The study shows that there is a differen-
tial contribution of various anthropometric
parameters for the BMI estimates in male
and female participants as well as its regional
variation. This small study does possess the
potential to stimulate larger well-designed
retrospective and prospective studies on BMI
and its gender and regional variation across
the Indian peninsula that incorporates exten-
sively diversified regional characteristics. The

results of the present study should be viewed
under the limitation that the small number of
subjects was taken in this pilot study. How-
ever, to our knowledge, this is one of the very
few studies that have been attempted to focus
predominantly on statistical analysis of the
major contributing anthropometric parameters
responsible for BMI and its regional variation
in India.
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