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Introduction

Obesity is recognized as an important risk factor for
various diseases. Studies have indicated an increase

in all cause mortality with increased body mass index
(BMI), especially death from cardiovascular disease in
men [1]. The risk of diseases appears to increase as a
function of the percent fat content in the body, above an
upper limit of normal. For the purpose of risk stratification
it is convenient to have cut-off values of body fat content
based upon its observed association with disease.

The measurement of body fat is too complex to be of
practical clinical application. Hence surrogate measures
such as the Quetelet index (Body mass index - measured
as weight in kg/height in metres2), are used in daily
practice. This measure however suffers from two major
drawbacks in that  it does not differentiate between body
fat and fat free compartments. Therefore a high BMI
may indicate either increased fat or fat free mass and
body composition being affected by ethnicity, growth
patterns, socio-economic, cultural and behavioral patterns
the same BMI in people of different ethnicities and
background may reflect different fat contents and

distribution [2].

The criteria that we use today are suggested by WHO
guidelines [3] (Table 1). These have been developed by
western researchers based on studies in Caucasian
populations, and in no way are designed to be applicable
to all populations. Important differences exist in the form
of higher/lower body fat content for a given BMI in
South-east Asians, Polynesians, Micronesians and Asian
Indians to give a few examples [3,4]. With this in mind
the International Diabetes Federation has accepted BMI
value of >25 kg/m2 and 23 kg/m2 as the cut-off for
obesity for Asian men and women respectively [5].
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Results: The prevalence of overweight/obesity was 20.66% by BMI and 47.11% by body fat content. Receiver operating characteristic
(ROC) curve analysis defined a BMI of 23.85 kg/m2 as the cut off for overweight with a sensitivity of 70.2% (95%CI 56.6 – 81.6) and
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recommended by WHO.
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Table 1
WHO classification of overweight/obese

BMI Kg/m2

Underweight < 18.5

Normal weight 18.5-24.9

Overweight/pre-obese   25-29.9

Class I obesity 30-34.9

Class II obesity 35-39.9

Class III (morbid) obesity > 40
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The percent of body fat that is considered normal
varies with the age and sex of an individual. Thus, up to
20% body fat (BF%) may be considered normal in young
healthy men, whereas with increasing age, greater
amounts of BF% may be considered “normal” [6]. The
exact value of BF% above which a person may be
considered overweight or obese is debatable. However
a value of 20% BF for defining overweight and 25%
BF for defining obese has been suggested by various
workers [6,7]. In an Indian study comparing body fat
with risk of coronary artery disease body-fat-percent
categories used for analysis were <10 - under-body-fat,
10 to 20 - normal-fat, 20 to 25 - over-fat and >25 -
higher-body-fat. These categories corresponded
approximately to percentiles 0 to 25, 26 to 54, 55 to 64
and >65 of the body-mass index and were also in
accordance with height-weight tables of average values
for Indian men, advised by the Life Insurance
Corporation of India [8]. In this study, a BF% content
of 20 and 25 has been used to define overweight and
obesity, respectively.

Material and Methods

The study was conducted on 121 healthy male volunteers
from a Naval Hospital’s staff, who were “FIT” and healthy in
all respects as per the annual medical examination. An initial
clinical history was taken and examination done to rule out
any systemic disease. The measurements to be made were
described and informed consent taken.

Body weight was measured to the nearest 100 gm using a
balance beam weighing scale. The individuals were stripped
to the waist before body weight measurement. Height was
measured using a metal stadiometer and BMI was calculated.

Body fat content was measured by the skin-fold thickness
method. Skin-fold thickness was measured at four sites,
namely biceps, triceps, sub-scapular and supra-iliac skin-
folds. A Harpenden skin-fold caliper with accuracy of 0.2 mm
was used for the purpose. For the triceps and biceps skin-
fold thickness, a horizontal line was circumferentially drawn
at the midpoint between the acromion and the olecranon and
the skin-fold thicknesses were measured over the biceps and
triceps at this point with the arm pendant. The sub-scapular
skin-fold was measured 1.5 to 2 cm below the lower angle of
the scapula at 45º to the horizontal. The supra-iliac skin-fold
was measured at a point halfway between the iliac crest and
the lowermost margin of the ribs in the mid-axillary line at 45º
to the horizontal. All measurements were made on the right
side of the body in all the subjects. The measurement was
repeated thrice at each site and the arithmetic mean of the
three readings considered as the skin-fold thickness at the
site. The sum of all four skin-fold thickness’ was used to
calculate body fat content by the formula of Durnin &
Womersley which has been validated in Asian Indians [9,10].

The data was managed in a Microsoft Excel worksheet.
Means and standard deviations of all anthropometric
variables were calculated. Receiver operating characteristic

(ROC) curves were drawn to determine appropriate cut-off
points of the BMI for defining overweight and obesity. Body
fat percentage measures as derived from skin-fold thickness
were considered the standard. Analysis was done using
MedCalc-version-9.1.0.1 statistical software. A p value of
<0.05 was considered significant.

Results

The present study included 121 male sailors. Their details
are as given in Table 2. The age distribution of the subjects is
given at Fig. 1. The distribution of overweight and obese by
age groups, by BMI and body fat percent are as given in
Table 3. The correlation between the two measures is also
given.

Of the 25 overweight/obese by BMI one had Grade II and
three had Grade-I obesity, while the remaining 21 were
overweight. By body fat percentage criteria, on the other
hand, thirty-five people were overweight and twenty-two
obese. Of those overweight by BMI, three (12%) had fat
content in the normal range.

The sensitivity and specificity of BMI as a diagnostic tool
for all overweight in our study was calculated to be 38.6%
and 95.31% respectively with a positive predictive value of
88% and a negative predictive value of 63.54%. For a BMI
cut-off of 30 kg/m2 for obesity the sensitivity was only 18.8 %
and specificity was 100 % with a PPV of 100 % and NPV of
84.62%.

ROC curves were drawn to delineate the cut-off for
overweight and obesity. The data for both the curves at
suggested cut-off points are given in Table 4.

Discussion

In this study we have attempted to define BMI cut-
off points for defining overweight and obese using skin
fold thickness as the standard test and 20 and 25% body

Table 2
Age, height, weight, BMI and body fat% in subjects

Range Mean (± SD)

Age 18-49 years 26.73 (5.5098)

Height 154-189 cm 168.56 (6.1034)

Weight 47.2-112 kg 65.92 (10.2746)

BMI 17.7-35.95 kg/m2 23.17 (3.0265)

Body fat % 10.87-33.4% 19.91 (4.831)

Table 3
Distribution into obese/overweight of study subjects

Age Number Percentage Correlation
groups overweight/obese of group

overweight/obese

 BMI  Body fat%    BMI Body fat%

< 20 - - - - 0.3645

20-29 10 30 12.2 36.59 0.6744

30-39 12 24 41.38 82.76 0.6819

40-49 3 3 75 75 0.7148

Total 2 5 5 7 20.66 47.11 0.7201
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fat as the cut off for overweight and obese respectively.

A BMI cut-off of 23.85 Kg/m2 for overweight was
derived by ROC curve analysis in this study. Using this
value the number of overweight increased to 49 whereas
with conventional values of 25 kg/m2 the number was
almost half, only 25. Further, although the number of
false positives increased from 3 to 8 the number of false
negatives decreased from 35 to 18. The BMI cut-off
figure for obesity (corresponding to BF 25%) worked
out to 24.38 kg/m2.

Similar data suggesting lower BMI cut-offs for Asian
Indians has been found in other studies. In a study by
Dudeja et al [11], in 123 North Indians (86 males and 37
females), the authors have proposed a BMI cut-off value
of 21.5 Kg/m2 corresponding to 25% body fat for males
and 19 Kg/m2  for females. Their data generated a
sensitivity of 86.7, a specificity of 89.3 with a positive
and negative predictive values of 81.3 and 92.6
respectively at a BMI cut-off of 21.5 kg/m2. The
sensitivity, specificity and negative predictive value in
our study at a BMI cut-off for obesity (BF- 25%) of
24.38 kg/m2 are similar, however the positive predictive
value is significantly lower at 48.6 %. This could be due
to the fact that the subjects in former study  had a
prevalence of obesity of 34.8% and were north Indians,
while in this study the prevalence of obesity was 18.18%
and the subjects were a heterogeneous mix of
populations from all parts of the country.

In another study on 141 men by Bhat et al [12],
approximately equal number of men from rural
background, urban slums and middle class city dwellers
were studied. They reported that using a BF % of 25 as
cut-off, 29.5% rural, 46% urban slum and 75% urban
middle class subjects were obese. On the other hand
using WHO recommended BMI cut-off’s 9% rural, 22%
slum dwellers and 27% urban middle class were
overweight while only 4% of the slum dwellers and none
of the rural or urban middle class were obese. They

suggested the use of body fat measures and not BMI
for risk stratification in Indian men. Piers et al [13],
have contended that BMI is good for population studies
but ill-applied in individuals, a fact that is borne out by
this study. The need for population specific BMI cut-off
is imperative and this measure must be applied to the
individual with great caution.

However we have to bear in mind that amongst
obesity related disorders; obesity is but one risk factor.
The American Heart Association in its 2005 update of
the 1997 Statement on Obesity and Heart Disease says
“…even if weight loss is minimal, obese individuals with
a good level of cardio-respiratory fitness show a reduced
risk for cardiovascular mortality as compared with lean,
poorly fit subjects” [14].

BF% derived from skin-fold thickness has been used
as the standard for fat content measurement, in this
study. This method gives a predicted value of fatness
for an individual which is within 3- 5% of body fat as
measured by use of hydrostatic weighing, which is
considered as “gold standard” for body fat content
assessment [6]. The small sample size of our study did
not allow identification of cut-off level differences, if
any, between people from different parts of the country.

No attempt has been made to correlate body fat
content or BMI with other risk factors or disease
prevalence.Longitudinal studies including anthropometric
measures and measures of various disease incidences
are required to define BMI cut-off, for the purpose of
disease risk stratification in Asian Indian men from
different parts of the country.

Based on these findings it is suggested that large-
scale studies be conducted to define BMI cut-off points
for overweight and obese specific to various subsets of
the Asian Indian population group. A BMI cut-off of ≥
25 kg/m2 for overweight and 30 kg/m2 for obesity has a
very low sensitivity in our population. Hence due caution
must be exercised when using these criteria in deciding
on overweight/obesity.
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Table 4

ROC data for our study at suggested cut-off points

Overweight Obese

Body fat % 20 2 5

Suggested BMI cut-off > 23.85 > 24.38

Sensitivity 70.2 90

Specificity 87.5 81.2

Positive predictive value 26.4 48.6

Negative predictive value 97.9 97.6

p value .0001 .0001

Fig 1 : Age distribution of subjects of the study group
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Clinical Research Workshop

A workshop on Clinical Research Methodology is being organized in Lucknow on 10-12 December, 2008,
under the aegis of the U.S. National Institutes of Health and the Sanjay Gandhi Postgraduate Institute of
Medical Sciences (SGPGI).

The workshop will focus on methodology to design and conduct observational studies (e.g. prospective
cohort, case-control and cross-sectional studies), the most common clinical research studies reported in
the literature. The workshop is targeted at early and mid-career medical faculty members/researchers, as
well as postgraduate students with interest in clinical research.

Applicants should email a short (strictly in one pagey p g ) summary of their experience, expertise and
current activities in clinical research by October 31, 2008 to Paolo Miotti, U.S. Embassy, New Delhi
(pm122m@nih.gov). A selection committee will notify the successful applicants of their acceptance.
Participants’ travel and hotel expenses will be covered by the workshop organizers.
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