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Abstract

We studied cardiovascular riskjactors in 30 to 50 year old Indian men in three geographical locations
(rural, urban slums and urban middle class) in relation to their body fat. A total of 1222 subjects,
selected by stratified random sampling were screened: 39 reported diabetic or hypertensive. Of the
remaining subjects 600 were randomly selectedforfurther testing. This is a report 441 men studied 149
rural, 142 slums, 150 urban middle class) The mean age of these men was 38 y rural, 38 y urban slums,
41 y urban middle class, mean BMI 2 .0 kglm� 22.3 kg/m-' and 24.3 kglm2 respectively, mean body fat
percent by bio-impedance 20.4016, 22.5% and 30.4% and by Deuterated water was 19.9yo, 21.6% and
2 7.2% respectively. A 75 g oral glucose tolerance test (WHO 1985) showed no diabetes in rural subjects,
while 4 urban slum dwellers and IO in urban middle class were diabetic; 9 rural men had GT,
compared to 12% in urban slums and 20 in urban middle class. Hypertension (blood pressure >
140190 mm Bg) was present in 2 rural men, 4 in urban slums and in IO% men in urban middle class.
Mean plasma cholesterol concentration was 148 mg% in rural, 53 mg% in urban slums and 64 mg% in
urban middle class, mean plasma triglyceride concentrations were 82 g%, 95 mg% and 08 mg%
respectively. All cardiovascular riskjactors were strongly related to measures of obesity bodyfat % and
waist hip ratio). On multivariate analysis 2h plasma glucose (OGTT) concentration and bloodpressure
were additionally related to geographical location (urban middle class>slums>rural). Our results
suggest that urbanisation increases the risk of glucose intolerance and hypertension independent of the
bodyfatpercent or its central distribution. This suggests there may he additional environmentalfactors
in the urban environment increasing the risk ofdYabetes over and above the effect of bodyfat.

1. INTRODUCTION

India is experiencing an epidemic of Type 2 diabetes and Coronary Heart Disease CHD)
among its young adult and middle aged population. It is projected that by the year 2020 India
will have the highest number of diabetic patients anywhere in the world and that CHD will be
the leading cause of premature death in India. There is a striking excess in the prevalence of
these conditions in urban compared to rural Indians. With increasing age of the population
and rapidly increasing urbanisation the insulin resistance syndrome (IRS) will become a
major health problem and socioeconomic burden in India. The cause of this 'epidemic' is not
clear but the major contributors to this are postulated to be the urban life style as well as high
genetic susceptibility of the population. Both could contribute to increased body fat percent
and central adiposity, the main determinants of both diabetes and CHD.

The present study investigates the relationship between body fat percent and its distribution in
Indian men 30-50 yrs) in 3 geographic locations (rural, urban slum and urban middle class)
in relation to different components of IRS.
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2. RESEARCH DESIGN AND METHODS

We aimed to study 150 men each 30 - 0 years of age) from 3 different geographical
locations: rural, urban slums and urban middle class, selected by multi stage random
sampling.

3. POPULATION SAA1PLING

The KEM Hospital and Research Centre is a tertiary care centre with a rural outreach
programme in surrounding villages. We selected one geographical area in the vicinity of the
Vadu Rural Health Centre, approximately 50 kms from the city of Pune. Out of the 6 villages
where we had conducted an elaborate community based study of maternal nutrition and fetal
growth we selected 2 villages by random number method. The villages comprise of hamlets,
which were listed, and hamlets each were selected from the two villages by random number
method. A house-to-house survey was done in these hamlets to create a list of all men
between the ages of 30 and 50 years from which the proposed number was selected by a
random program.

The city of Pune is divided into 124 administrative wards. Four wards were selected using
random number tables, two representing subjects living in the slums and two for studying
mlddle class subjects. A total of more than I 00 houses were surveyed. A list of eligible men
who were willing to enrol in the study was created from which the required numbers of
subjects were randomly selected.

4. MEASUREMENTS

4.1. Anthropometry

Height was measured using a stadiometer (CMS Instruments, London), and weight using
portable Soehnle scales. Biceps, triceps, subscapular and suprailiac skinfold thicknesses were
measured on the left side of the body using Harpenden skinfold callipers (CMS nstruments).
Head, mid-upper-arm. circumference (NIUAC), waist and hip circumference were measured
using standard measuring tape. Fat mass was calculated from the sum of four skinfold
thicknesses using Durnin's formula (4.95/density)-4.5) 100, where density = 1.1599 -
(0.0717 X logio sum of four skinfolds). Body fat percent was also calculated using
Bioimpedance values, deuterated water method (D20) and Dual Energy X-ray
Absorptiometry (DEXA).

4.2. Laboratory methods

75gm OGTT (WHO 1985) was performed; fasting, 30 mins and 120 mins samples were
collected. Plasma glucose, cholesterol, triglycerides and HDL-cholesterol were measured
using standard enzymatic methods on an automated random access analyser. Plasma leptin
was measured using a radio immunoassay kit.

4.3. Statistical methods

Data is represented by means and standard deviations unless otherwise mentioned. Variables
having skewed distributions have been log transformed to satisfy assumptions of normality.
The comparisons across geographical locations have been made using ANOVA (Analysis of
Variance).
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5. RESULTS AND DISCUSSION

Table I summarises the basic characteristics of the study subjects in the three geographic
locations. There was no significant difference in the age of these men, urban subjects were
more obese than the rural subjects, urban middle class being the most obese. This reflected in
their BNH, skinfold thickness and the measures of central adiposity.

5.1. Body fat measurements

These were measured by anthropornetry, bioimpedance, D20 dilution and DEXA. Table 2
surnmarises the mean body fat in men from the three geographic locations. Body fat percent
progressively increased from rural to urban slums to urban middle class men. There was a
highly significant correlation between body fat obtained by different methods but the actual
value obtained varied between the methods. Anthropometry and D20 measurements
correlated the best. Bioimpedance showed the highest values while DEXA showed the lowest
values (Table 3.

5.2. Glucose intolerance, hypertension and dyslipidemias

Table 4 shows the prevalence of hyperglycemia (impaired glucose tolerance (IGT) and
diabetes) in the three populations studied. There was no diabetic person in the rural, 4% in the
urban slums and 10% in the urban middle class. The prevalence of IGT similarly increased
from 9 to 15% and 20% respectively. Hypertension showed a similar progressive rise in its
prevalence. Serum cholesterol and triglyceride concentrations also showed a progressive rise
in the three populations.

Table summarises the multivariate associations of different cardiovascular risk factors in
three populations studied. Besides geographic location, total body fat percent was the highest
contributor to the variance while measures of central adiposity (waist circumference or WFIR)
made a relatively small contribution.

6. SUMMARY

• Body fat percent and central adiposity significantly increased from rural to the urban
middle class men through the urban slum dwellers.

• There was a close relationship between anthropometric and D20 measurement of body
fat.

• Increased body fat percent predicted increased insulin resistance and other cardio vascular
risk factors.

• Central adiposity (Waist fip ratio and Subscapular -Tricep ratio) made a significant but
relatively smaller contribution to this risk compared to body fat percent.

7. CONCLUSIONS
Urbanization increases body fat percent and central adiposity. Together these factors make a
major contribution to the rise in the prevalence of Insulin Resistance Syndrome. Body fat and
its distribution do not account for all the geographic difference. Other environmental factors
may also contribute to the rising prevalence of Insulin Resistance Syndrome in India.
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TABLE 1: ANTHROPOMETRIC CHARACTERISTICS

Rural Urban Slums Urban
(149) (142) (150)

Age (yrs) 38 5.9) 38 5.9) 41 5.9)

Height (cm) 165.0 5.6) 163.4 6.5) 166.2 6.8)

Weight (Kg) 57.4 8.4) 59.8 12.5) 67.3 12.1)

BNH K g/M2) 21.0 2.8) 22.3 4.1) 24.3 3.9)

Head irc; (cm) 54.1 22) 54.6 1.7) 55.6 1.6)

Mid arm circ (cm) 26.3 2.4) 27.4 3.5) 28.9 3.2)

Waist circ (cm) 79.4 9.1) 83.7 14.1) 90.4 10.2)

Hip circ (cm) 88.1 56) 90.9 7.9) 96.0 7.6)

WHR 0.89(0.06) 0.92(0.09) 0.94(0.09)

Biceps (mm)* 4.1 21-15.4) 5.1 20-18.1) 6.9 2.2-24.1)

Triceps (mm)* 7.9 3.2-26.5) 9.0 3.4-31.6) 13.1 33-40.0)

Subscapular (mm) 12.4 5.1-40.0) 15.9 4.8-48.6) 22.5 8.0-46.4)

Suprailiac (mm) 15.8 9.7) 18.7 (10.8) 26.6 9.5)

SS/TR* 1.5(0.6-3.7) 1.8(0.9-3.2) 1.7(0.6-4.2)

Mean (SD), Geometric mean, Range
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TABLE 2 BODY FAT ITS DISTREBUTION

Rural Urban Slums Urban
% Body fat

Anthropornetry 19.6 (5.8) 21.8 6.6) 27.4 5.3)
D20 19.9 6.2) 21.6 6.9) 27.2 7.1)
Bioirnpedance 20.4 10.2) 22.5 10.9) 30.4 (8.1)
DEXA 16.9(6.5) 17.9(7.6) 24.9(5.9)

Leptin (ng/ml)* 1.8 0.2 - 22.0) 3.9 0.1-42.0) 7.6 (0.5-50.0)

Mean (SD)
* Geometric mean, Range

TABLE 3 CORRELATION BETWEEN BODY FAT MEASUREMENTS BY DIFFERENT
TECHNIQUES

% Body Fat % Body Fat % Body Fat DEXA Leptin
Anthropometry D20 Bioimpedance

Body Fat
Anthropometry 1 0.80** 0.84** 0.87** 0.72**

-D20 0.80** 1 0.81** 0.89** 0.64**
Bioimpedance 0.84** 0.82** 1 0.86** 0.70**
DEXA 0.87** 0.89** 0.86** 1 0.69**
Leptin (ng/ml)* 0.72** 0.64** 0.70** 0.69** 1

*P<0.05, **P<0.01, ***P<0.001
Values represent , (spearman correlation coefficient)
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TABLE 4 PREVALENCE OF INSULIN RESISTANCE SYNDROME

Outcome Rural Urban Slums Urban
( 9 (142) (150)

IGT 9 12 20
DM 0 4 10

Hypertension (�:140/90 mHg) 2 4 10

Cholesterol
Total �� 200 mg% 3.4 8.7 14.8
HDL:!� 35 mg% 44.6 48.4 52.1

Triglycerides-,�� 15 m% 6.1 19.8

TABLE 5: DETERM[INANTS OF INSULIN RESISTANCE SYNDROME VARIABLES

2h glucose Syst BP Cholesterol Triglyceride
Location 9.1** 3.86 ns 4.7 ns 5.1 ns

Age(yrs) 1.2 ns 0.08* 0.3 ns 0.2 ns

% Body fat 6.4*** 7.70*** 11.5*** 13.5 ***

W% 16.7 12.64 16.5 19.6

Location 9.1** 3.86 ns 4.7 ns 5.1 ns

Age(yrs) 1.2 ns 0.01 * 0.4 ns 0.2*

% Body fat 6.4*** 8.77*** 11.4*** 13.9***

WHR 1.3* 0.56 ns 0.3 ns 2.2**

W% 18.0 13.2 16.8 21.4

Location 9.1* 3.86 ns 4.7 ns 5.1 ns

Age(yrs) 1.2 ns 0.01 * 0.4 ns 0.2 ns

% Body fat 6.4*** 8.77*** 11.4*** 13.9***

SSTR 1.9** 0.06 ns 0.0 ns 1.3**

W% 18.5 12.7 16.5 20.5

Figures in table indicate percent contribution to R2 values.
* p<0.0,** p<0.01, *** p<0.001, ns: Not significant
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