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Abstract

Background: The prevalence of obesity has increased globally in the last few decades. Anthropometry is an accepted method of
measuring obesity. Charts of weight for height and age as well as Anthropometric indices like Body Mass Index (BMI) are
commonly used to define normal, overweight and obese individuals. Weight for height charts currently in usein the Army belong
to pre-independenceera. It iswidely believed that these have been obtained from lifeinsurance tables made for British / American
civilian population. The World Health Organization (WHO) encourages its member countries to develop their own reference
anthropometric indices.

M ethods: Anthropometric measurementswer erecorded for 902 healthy Armed For ces personnel in the agerange of 28to 52 years
selected by stratified random sampling. These measur ements wer e used to obtain mean values, standard deviations, medians and
per centiles for various anthropometric parameters.

Result: BMI for the study subjectsranged from 14.67 to 27.90 kg/m? with a mean of 20.52 Kg/m2. No individual was categorized as
obese using the current international cut-off of BM| >30 kg/m2 With the exception of height, all other anthropometric parameters
like weight, BM1, waist circumference, and waist-hip ratio were found to increase with increasing age. Correlation of BMI with
waist circumference and BM| with Waist Hip Ratio in the study subjects was found to be statistically significant. The weight for
height and age chart developed by this study shows an increase in weight in all age and height categories as compared to the
weight for height chart currently in vogue in the Indian Army.

Conclusion: The weight for height and age chart calculated in our study, shows considerable variation when compared to weight
for height and age chart currently being used in Indian Army. The average weight for majority of height and age categories was
found to be higher than in the Indian Army chart. It isrecommended that a lar ge multi-centric study should be taken up to gather
mor e evidence to replace the current chart.
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I ntroduction

esity is a chronic condition characterized by an
excessof body fat [1]. Current knowledge of human
obesity hasprogressed beyond the smple generalizations
of the past. Overweight and obesity result from a
complex interaction between genes and the environment

Thereisawide range of investigations from simple
anthropometric measurements to magnetic resonance
imaging, computed tomography and Dual Energy X-ray
Absorptiometry (DEXA) which can be used to measure
obesity. Theseinvestigationsnot only helpin classifying
an individual as overweight or obese but also help to

characterized by long-term energy imbalance due to a
sedentary lifestyle, excessive caloric consumption, or
both [2]. Our understanding of how and why obesity
developsisincomplete. Thereisoverwhelming evidence
to suggest that overweight and obesity are associated
with increased mortality and morbidity [3, 4]. Over the
past two decades there has been a dramatic rise in the
prevalence of obesity throughout the world. It is
estimated by the World Health Organization (WHO)
that globally, over 1 billion (16%) adults are overweight
and 300 million (5%) areobese. In Indiaaonethereare
morethan a100 million obeseindividuals. Thesefigures
indicatewearetruly inthemidst of an obesity epidemic,
which could have serious health ramifications[5].

predict the risk of developing complications [6]. It is
however, important to determinewhat isthemost reliable,
economical and acceptable tool which can be applied
universally toidentify and predict at risk individuals.

WHO recommends anthropometry asthe single most
portable, universally applicable, inexpensive and non-
invasive technique for assessing the size, proportions
and composition of the human body [7]. Anthropometry
reflects both health and nutritional status and predicts
performance, health and survival [8]. Cut-off values of
various anthropometric parameterslike body massindex
(BMI) and waist hip ratio (WHR), based on WHO
recommendations are currently in vogue to define
overweight and obesity. While some countries havetheir
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own guidelines such as Canada [9] and Australia[10]
most countries use WHO guidelines[7].

One of the biggest constraints of using various
anthropometric parametersin Indian setting isavailability
of cut off values. WHO itself acknowledges that the
method used to establish BMI cut-off has been largely
arbitrary and that the most studiesin thisareahave been
conducted among people living in Western Europe or
USA [11]. BMI levels may not correspond to the same
level of healthrisk indifferentindividual and populations.
WHO encourages member countries to establish
reference data for their own populations, which would
provide evidence-based guidelinesfor physicians, other
health care practitioners and healthcare organizations
for the evaluation and treatment of overweight and
obesity inadults.

The Indian Armed Forces is not immune from the
obesity epidemic sweeping the country. Studiesindicate
that thereisarising trend of obesity inthe Armed Forces.
Although the menin Indian Armed Forces are subjected
to periodic medical examinations, the standardsfor body
weight used to classify individual overweight are very
old. The origins of the weight for height and age charts
currently in use for the Army personnel are obscure. It
iswidely believed that these have been obtained from
lifeinsurance tablesmadefor British/American civilian
population [12]. The parameters used to define
overweight and obesity in the Armed Forces have
undergone frequent changesin the recent past. Cut-off
levels of BMI based on WHO recommendations are
currently in vogue to define overweight and obesity.
Overweight and obesity not only have serious health
consequences but are a cause for lowering of medical
classification in Armed Forces which adversely affects
a soldier’s career.

It is, therefore imperative that reference
anthropometric valuesrelated to overweight and obesity
for the Indian Armed Forces be established based on
data for the same population. This study describes
various anthropometric parameters such as weight,
height, waist circumference, waist-hip ratio and BMI.
The study aso aimsto comparedifferent anthropometric
parameters as indices of obesity. Thisis a preliminary
study. The age range of the subjects has been restricted
to 28 -52 years as obesity related problemsare unlikely
to occur before the end of the third decade of lifeand a
very small proportion of the Indian Armed Forces is
older than 52 years. Based on the results of this study,
multi-centric studies with greater sample size may be
carried out to reassess the indices of obesity currently
invoguein Indian Armed Forces.

Vaidya, Bhalwar and Bobdey

Material and M ethods

This study used a community based, cross sectional
descriptive epidemiological design. Thereference population
was serving male personnel of the Indian Armed Forces,
without any evidence of prevalent disease (SHAPE 1 and
equivalent). Sample size was worked out to 1000 subjects
(WHO recommends 200 subjects in each age category for
development of reference anthropometric values, Technical
Report Series 854). This sample was selected using “multi-
stage random sampling” procedure. 902 personnel between
the age of 28 years and 52 yearsin SHAPE-1 were selected
such that there were 200 personnel each, inthe age groups 28
to 32 years, 3310 37 years, 38t0 42 years, and 43t0 47 years.
Despitevigorous effortsthe estimated sample of 200 persons
could not achieved for the age group of 48 —52 yearsbecause
of the age profile of the Armed Forces and there were only
102 personsinthisage group. Personal information including
region of origin, dietary habits, alcohol and tobacco use,
were obtained by an investigator administered questionnaire.
These personnel were subjected to a complete physical
examination, estimation of fasting blood glucose and lipid
profile. Anthropometric measurement including weight,
height, waist circumference and hip circumference were
recorded for these personnel in accordance with the
recommended measurement protocols laid down by WHO
(TRS854). Statistical analysiswas carried out by using SPSS
14 software. Appropriate tests have been carried out where
indicated and are given with the results.

Results

Height and Weight Distribution: The height of the study
subjectsranged from 156 to 186 cm with amean of 171.01 cm.
The agewiserange, average and standard deviation of height
isgivenin Table 1. The weight of the study subjects ranged
from 49 Kgto 96.80 Kgwithamean of 70.16 Kg. Theagewise
range, average and standard deviation of weight isgivenin
Table 2. The table clearly shows that the average weight of
different age groups increases from younger to older age
group.

Distribution of BMI: TheBMI ranged from 14.67 Kg/m?to
27.90 Kg/m2with amean of 20.52 Kg/m?2. The agewiserange,
average and standard deviation of BMI is given in Table 3.
The distribution of BMI in individual age groups has been
graphically depicted in Fig.1. The figure indicates that the
average BMI of different age groupsincreases from younger
to older age group.

Distribution of Waist Circumference and Waist Hip Ratio:
The waist circumference of the study subjects ranged from
63 to 107.50 cm with amean of 84.61 cm. Thedistribution of
waist circumferencein all subjects aswell as distribution of
waist circumference in individual age groups has been
graphically depictedin Fig. 2. It isobserved that the average
waist circumference of different age groups increases from
younger to older age group. The waist hip ratio ranged from
0.69t01.18 withamean of 0.91. Theaveragewaist hip ratio of
different age groups was found to increase from younger to
older age group.
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Table 1
Height distribution

Standard
deviation

Age Minimum Maximum M ean Median
Groups (cm) (cm) (cm) (cm)

(years)

28-32 159.00 186.00 171.76 172.00 4.99
33-37 157.00 186.00 172.42 172.00 5.10
38-42 157.00 185.00 170.91 170.00 5.60
43-47 156.00 183.00 169.87 170.00 4.85
48-52 157.00 184.50 169.22 169.25 5.54
All age 156.00 186.00 171.01 171.00 5.30
groups

Table 2

Weight distribution

Minimum Maximum Median  Standard
(Kg) (Kg) (Kg) deviation
28-32 51.20 88.00 66.62 66.60 7.07
33-37 53.90 90.60 68.67 68.90 7.85
38-42 54.50 96.80 70.90 70.30 7.89
43-47 53.30 93.70 72.57 73.05 7.72
48-52 49.00 95.70 73.90 73.10 9.73
All age 49.00 96.80 70.16 70.00 8.27
groups
Table 3

BMI distribution

Minimum Maximum Mean Median  Standard

(Kg/m?)  (Kg/m?)  (Kg/m?  (Kg/m?) deviation
28-32 14.88 25.03 19.39 19.31 1.94
33-37 15.85 24.96 19.91 19.86 2.18
38-42 15.89 27.66 20.77 20.67 2.15
43-47 15.96 27.32 21.35 21.53 2.13
48-52 14.67 27.90 21.80 21.96 2.52
All age 14.67 27.90 20.52 20.49 2.31
groups

Height and Weight Percentiles. Data from study subjects
was used to derive 5 10", 25t 50, 75%, 90t and 95"
percentiles of height and weight which are represented in
Table 4 and 5 respectively. It is observed that weight in 50"
percentile increases as we move from younger to older age
group

Percentiles of BMI, Waist Circumference and Waist Hip
Ratio: The percentiles of BMI are depicted graphically in
Fig. 3.Itisobservedthat BMI inthe 90" percentileincreases
aswe movefrom younger to older age group. The percentiles
of waist circumference in the study subjects ranged from
70.03 cm at the 5™ percentileto 99.40 cm at the 95" percentile.
A clear riseinwaist circumference was observed from the 5
to 95" percentile aswe move from younger to older age group.
The percentiles of waist hip ratio in the study subjects are
ranged from 0.81 at the 5" percentile to 1.02 at the 95"
percentile. Waist Hip Ratio percentiles also increase as we
move from younger to older age group.
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Weight for Height and Age: One of the major objectives of
the study wasto derive reference weights for height and age
for healthy Armed Forces personnel. Table 6 givesthe average
weight for individuals in particular age and height group.
The number of individuals examined in each age group was
limited to 200. No individual was found to be having height
>185 cmin age group 43-47 yearsand 48-52 years. Therefore
these cells have been left empty in the table and have been
shown asinsufficient data. It is observed that average weight
increases with height when all age groups are considered
together as well as when each age group was considered
individually. It was also observed that average weight
increased with increase in age in each class of height.

Correlation between different indices of Obesity:
Correlation of BMI with waist circumference and BMI with
waist hip ratio in the study subjects was found to be
statistically significant (p <0.01) using Pearson’s Correlation
Coefficient. Thisindicatesthat asBMI increases, both wai st
circumference and waist hip ratio also increase. However it
was also observed that although BMI correlates with both
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Table 4
Percentiles of height

Percentiles (height in cm)

28-32 161.58 166.00 169.00 172.00 175.00 178.00 180.00
33-37 164.50 166.00 169.00 172.00 175.88 179.00 181.48
38-42 163.00 164.00 167.50 170.00 175.38 178.50 180.95
43-47 161.00 163.50 167.00 170.00 173.50 176.00 178.00
48-52 159.65 162.15 165.00 169.25 173.00 17585 179.93
All age groups 162.00 164.50 167.50 171.00 174.50 178.00 179.93
Table 5

Percentiles of weight

Percentiles (weight in Kg)

28-32 55.62 57.00 61.43 66.60 71.00 76.90 78.10
33-37 56.02 58.40 62.40 68.90 74.40 78.97 81.80
38-42 58.00 60.83 65.43 70.30 76.00 79.88 85.50
43-47 59.02 63.50 67.10 73.05 78.08 82.00 83.80
48-52 52.92 63.93 68.18 73.10 81.00 85.70 90.96
All age groups 56.73 59.60 64.48 70.00 76.00 80.30 83.77
Table 6

Average weight (in Kg) for Height and Age

Age groups (year) All age groups
38-42
< 164.9 62.99 62.25 67.64 68.66 67.25 66.48
165-169.9 63.76 68.02 68.23 70.93 68.74 68.19
170-174.9 66.96 67.59 70.86 73.43 79.37 70.56
175-179.9 71.19 71.88 73.24 74.64 81.23 72.92
180-184.9 72.77 75.05 77.01 92.00 81.40 76.14
>185 77.50 76.00 91.40 i i 82.46

*** jnsufficient data.

indices, it correl ated better with waist circumference (r = 0.883) indicating that the age groups are similar in terms of
ascompared towaist hipratio (r = 0.660). Correlation of walst height. The average weight of the study subjects
circumference with waist hip ratio was also found to be increased as we move from lower age group to higher
statistically significant (r=0.852, p <0.01) age group category. It is also observed that the average
Discussion height in different age groups are almost similar but

weight seems to increase with increase in age. This
study found a positive correlation of age with weight.
Similarly the weight for height and age chart currently
in use, allows greater weight for older person of the

nutrition and infectious diseases asthemost significant ~ SMe height category, thus indicating extra allowance

causesof ill-health. However sinceno similar study has ~ ©F Weight had been catered for older age groups.
ever been done especially in Indian Armed Forces In the present study, average BMI ranged from 14.67
personnel, not much datawas availablefor comparison. ~ t0 27.90 kg/m?. It may be important to note that no
Cctri oy ; individual qualified asobese (BMI >30 kg/m?). Thismay
In the study sample, distribution of height appeared In ) . S
to follow a Gaussian curve. |t was also observed that be explained by thefact that by virtue of beingin Armed

very few subjects had height below 165 cm because of Forcesahigh degreeof fithesslevel ismaintained among

high level physical standardsbeing followed at thetime 1€ troops. It was also observed that average BMI
of entry into the Armed Forces. The average height in appeared foincrease aswe moved from lower to higher

each age group was found to be similar to each other age category. Thisis because with height almost similar

Overweight and obesity represent arapidly growing
threat to the health of populationsin anincreasing number
of countries. Indeed, they are now so common that they
are replacing more traditional problems such as under
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inall age category and weight increasing with age, BMI
would also follows a similar path asiit is a product of
weight divided by height square. Average waist
circumference increased from lower to higher age
category. Thisindicatesthat an increasein weight with
age results in increase in the abdominal girth. In our
study subjects it was seen that average waist hip ratio
increases aswe move from lower to higher age category.
Thisfurther emphasizesthat anincreasein weight with
age results in increase in abdominal girth rather than
more uniform increase in the whole body size.

By calculating the frequency distribution of different
anthropometric parametersin 902 subjects 5™, 10", 25",
501, 75, 90", and 95" percentiles were derived for
each parameter. Except for height in which the 50"
percentile is amost same for each age category all the
other parameters (BMI, waist circumference and waist
hip ratio) show an increase in values of 50" percentile
when we move from lower to higher age category. All
the anthropometric parameters under consideration
except height seem to increase with age.

Weight for height and age chart, has been devised
based on average weight in relation to height for each
age category. This chart when compared to weight for
height chart currently invogueinthelndian Army clearly
shows an increase in weight in all age and height
categories. For example as per old scale, individualsin
height category 178 cm should to have an ideal weight
for 28-32 yrsas68.5 Kg, for age 33-37 as 70.5 Kg, for
age 38-42 as 71.5 kg, for age 43-47 as 72 kg and for
age >48 as 72.5 Kg. In our study the average weight
for height category 175-179.9 cm was found to be for
71.19 Kg for age group 28-32 yrs, 71.88 Kg for age
group 33-37 years, 73.24 Kg for agegroup 38 -42 years,
as 74.64 kg for age group 43-47 years, and as 81.23 kg
and age >48 years. The 5" and 95" percentile of weight
for height in each age category was also cal culated but
has not been presented as the number of subjects in
some categories was very small. As discussed earlier
not only the origin of currently used weight for height
and age chart is obscure but it has been primarily based
on American/ British population who are inherently
different from Indian population. Thedifferenceinweight
seen between our study and weight for height and age
chart in useindicates a need for revision of the current
recommended weights for Indian Armed Forces
personnel.

Excessively high levelsof body fat arearisk to health.
However, the distribution of fat may be asimportant as
total fat, with excess abdominal fat associated with
greater health risk. Direct measures of body fat are
expensive and to date, impractical for widespread use.
Currently BMI is considered as one of the better
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measures to estimate body fat. BMI however does not
provide an estimate of distribution of fat. To estimate
thefat distribution, particularly those of abdominal fat,
circumference measures like waist circumference and
waist hip ratio are often used. In this study we found
that all these anthropometric parameters correlate well
with each other. Similar association between indices of
obesity has been reported by other studies. Gupta et al
[13] reported that body massindex correlated significantly
with waist circumference and waist-hip ratio in a study
involving 458 individualsfrom urban India. The Danish
prospective cohort study reported a strong positive
correlation between WC and BMI (r=0.87 for men,
r=0.86 for women) [14]. Zafar et al [15] found strong
positive correlation between BMI and WHR for males
(r=0.690, p<0.0001) and females (r=0.620, p<0.0001)
inastudy of 483 medicd studentsusing partial correlation
controlledfor age. Another study in Bangal ore by Kurpad
et a [16] of 207 male subjects reported that waist
circumference correlated better with BMI (r=0.82,
p<0.001) as compared with WHR (r=0.34, p<0.001).

Conclusion

The main observations in regards to distribution of
anthropometric parameters are that the distribution of
height, weight and BMI in 902 subjectsfollowed almost
aGauss an distribution. No individua wasfound to have
BMI >30 kg/m?. This means out of 902 subjects not
even one individual qualified as obese as per global
standards. Older age groups were found to have higher
5t 10, 25M, 50, 75M, 90", and 95™ percentile of weight,
BMI, WC and WHR as compared to younger age
groups. The weight for height and age chart cal culated
in our study, shows considerable variation when
compared to weight for height and age chart currently
being used in Indian Army. The average weight for
majority of height and age category was found to be
higher thaninthe Indian Army chart. All the three under
study indices of obesity (BMI, WC and WHR) correlated
well with each other. It was also observed that BMI
correlated better with WC as compared to WHR.

This study was primarily conducted to derive
reference weights of healthy Armed Forces personnel
and to compare with the existing reference weights
which have not been revised in last 50 years, and whose
sourceisobscure. It isevident from the results that the
current average weights are considerably more than
those recommended in the old scale. Therefore it is
recommended that alarge multi-centric study should be
taken up and more evidence based weight for height
and age charts be devised to replace the current chart.
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