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Abstract

There is a growing epidemic of insulin resistance syndrome (IRS) in Indians. We postulate that
increased susceptibility of the urban Indians to insulin resistance is a result of a tendency to
increased fat deposition from the time of intrauterine life (thrifty phenotype), exaggerated in the
urban environment by a positive energy balance. The pro-inflammatory cytokines secreted by the
inflammatory cells as well by the adipose tissue could aggravate insulin resistance and
endothelial damage and therefore, increase the susceptibility to type 2 diabetes and coronary
heart disease (CHD) independent of the previously proposed glucose fatty acid cycle
mechanism.

In a preliminary study, we propose to make detailed measurements of the proposed mechanisms
in a selected population from 3 geographical locations in and near the city of Pune, India and
also validate simple 'epidemiologic' measurements of body composition with 'reference'
measurements. One hundred men (30 to 50y) each from the three geographical locations (rural,
urban slum-dwellers and urban middle class in Pune) will be studied for:

Body composition: Anthropometric and bioimpedance measurement of total body fat (to be
calibrated against deuterated water in 30 subjects from each location), and muscle mass by
anthropometry and urinary creatinine excretion.

Body fat distribution by subscapular- triceps ratio, waist-hip ratio.

Metabolic: Glucose tolerance and insulin resistance variables (insulin, lipids, NEFA) and leptin.

Endothelial markers: e-Selectin and von Willebrand Factor (vWF).

Inflammatory markers and pro-inflammatory cytokines: C-reactive protein (CRP),
lnterleukin-6 (IL-6) and tumour necrosis factor (TNF- a)

Energy Balance: Assessment of nutritional intake (calories, carbohydrates, proteins and fats, n3
and n6 fatty acids) and physical activity by a questionnaire.

Insulin resistance variables, endothelial markers, cytokines and obesity parameters will be
compared in the 3 groups. Energy intake and physical activity will be related to obesity
parameters and n3 and n6 fatty acid intake will be related to inflammatory markers. Multivariate
analysis will be used to explore the independent contributions of levels of circulating cytokines
and of obesity to insulin resistance syndrome variables and endothelial markers, controlling for
place of residence.

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

1.1. Diabetes epidemic in Indians

There is an epidemic of Type 2 diabetes and CHD in Indians both in India and abroad [1,2].
Between 1989 and 1995 there was a 40% increase in the prevalence of diabetes in the city of Chennai
(Madras) [3]. It is postulated that by the year 2015 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 [4],
and in Indian migrants compared to local populations viz. white Caucasians in the U.K. [5]. In a recent
study of 38-year old fathers of 8-year old children in urban Pune we found that 8% were diabetic and
16% impaired glucose tolerant (IGT) in middle class and 12% were diabetic and 18% IGT in slum
dwellers, while in another study in a nearby village (Pimpale Jagtap) only 4% of those >40y of age
(mean 55y) were diabetic and 4% had IGT (unpublished observations). These observations imply a
future risk of a major public health crisis with continuing, rural to urban migration and progressing
aging of the population due to increasing life expectancy. The cause of this 'epidemic' is not clear but
rapid lifestyle change in a population with high genetic susceptibility (thrifty genotype) [6], or
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programmed by early life growth retardation (thrifty phenotype) [7] are two, not necessarily mutually
exclusive possibilities. Yet the rapid changes in incidence of these conditions with migration from rural
to urban areas imply additional powerful environmental influences on risks operating in adult life. The
main environmental determinant of both diabetes and CHD is obesity particularly of the visceral or
central distribution [4,8] believed to result from an imbalance between energy intake and expenditure
consequent upon inappropriate changes in diet and lifestyle. Obesity is thought to operate by
increasing insulin resistance which is associated with future risk of both type 2 diabetes and CHD [9].

1.2. Insulin resistance syndrome in Indians

The KEM Hospital Diabetes Unit has been actively involved in characterising the phenotype of
Indian Type 2 diabetic patients and in studying the determinants of the insulin resistance in Indians. In
summary; we have shown that more than a third of our urban Type 2 diabetic patients are diagnosed
below 35y of age, they are relatively thin (mean BMI 23.9 kg/m2) but centrally obese (high waist-hip
ratio (WHR) and subscapular/triceps ratio) [8]. They are hyperinsulinemic and insulin resistant as
suggested by high circulating NEFA and TG concentrations [15]. Plasma insulin concentrations are
also related to blood pressure [16]. While our own data supports the role of early growth retardation as
predisposing to insulin resistance; there seems to be a synergy between early life experiences and
later life energy balance. We have shown that those who are born small but grow big are the most
insulin resistant both at 4y of age [17] and at 8y of age (unpublished), suggesting that the risk of
energy imbalance is exaggerated in those born small (energy adaptation mal-adaptation syndrome
(ENAMAS)) [18]. In residents of the village Pimpale Jagtap (mean BMI 19.1 kg/m2), prevalence of
glucose intolerance, hypertension and 'ischaemic' electrocardiogram was highest in men in the upper
quartile of BMI (mean 22.2 kg/m2). The exaggerated risk of IRS in Indians at a relatively lower BMI is
perhaps due to excess fat mass for a given BMI [19,20] coupled with their tendency to deposit fat in
the metabolically 'detrimental' abdominal tissues [21].

We have made several relevant observations which give important clues that could help explain
the high prevalence of IRS in Indians.

a) In a study of maternal nutrition and fetal growth we have shown that the small Indian babies are
lighter and thinner. Their thinness is due to small muscle and abdominal viscera but they
preserved body fat especially subscapular compared to the babies born in the UK. Thus, the
thin Indian baby is relatively fat. The insulin resistant phenotype of a Type 2 diabetic Indian
patient could thus be a result of intrauterine programming in the direction of fat deposition.

b) Adjusting for BMI total body fat (derived from 4 site skinfold thickness) is -10% higher in the
adult slum dwellers compared to the middle class, suggesting that a similar phenotype may
persist in adult life in those chronically malnourished.

c) In a model of multigenerational malnutrition in Wistar rat we similarly observed preservation of
skinfold thickness in the malnourished compared to the control animals, with substantial loss of
non-fat soft tissues. These malnourished animals were considerably hyperinsulinemic, insulin
resistant and considerably more susceptible to the diabetogenic action of streptozotocin.

d) Our collaborators Prof. J. Yudkin and his colleagues at University College London have
described the possible role of pro-inflammatory cytokines as mediators of insulin resistance in
obesity. They have shown powerful relationships between levels of insulin resistance variables
and those of the acute phase molecule (CRP) and the pro-inflammatory cytokines IL-6 and
TNF-a in 107 healthy adults recruited from a general practice register [10]. Acute phase
markers were also strongly related to measures of endothelial dysfunction. In this white
Caucasian population in the UK there were negative or weak correlations of concentrations of
cytokines with markers of infection, but there were much stronger relationships between the
concentrations of cytokines and measures of global, and particularly central obesity.

Both cytokines have powerful effects on regulation of activities of lipolytic and lipogenic
enzymes [11], and on expression of endothelial proteins [12]. TNF-a has been shown to inhibit
insulin receptor signaling [13], an action it may share with IL-6. Both IL-6 and TNF-a are
expressed in adipose tissue. IL-6 is released by subcutaneous fat depot in vivo which might
contribute as much as 40% of total circulating IL-6 production in healthy subjects [14]. It is
proposed that these cytokines might represent the link between central obesity, insulin
resistances, dyslipidaemia, endothelial dysfunction and consequent cardiovascular disease.
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e) We have measured circulating of IL-6 and TNF-a in Indians in 3 geographical locations. The
cytokine levels are comparable to white Caucasians in the rural Indians but are elevated
several fold in the urban being highest in urban slum dwellers [22].

TABLE 1. INTERLEUKIN-6, TUMOUR NECROSIS FACTOR-CC, LEPTIN & OBESITY IN INDIANS

Age (years)
BMI (kg/m2)
Waist hip ratio
IL-6 (pg.ml-1)
TNF-a (pg.ml-1)
Leptin (ng.mr1)
Diabetes
IGT

URBAN
Middle class (n=40)
38
23.5 ***
0.85*
7.15***
30.9 ***
6.3 ***
7.9 %
15.9%

Slum dwellers (n=28)
35
22.2 ***
0.85 ***
23.5 ***
39.3 ***
9.6 ***
11.8 %
17.6%

RURAL
(n=43)
28
19.0
0.83
2.50
2.57
1.9
0.2 %
3%

Median, *p<0.05, "p<0.01, ""p<0.001, difference from rural, controlling for sex

We postulate that the increased susceptibility of urban Indians to insulin resistance; type 2
diabetes and CHD is a result of increased fat deposition from their intrauterine life, exaggerated in the
urban environment by inappropriate energy balance. Pro-inflammatory cytokines expressed and
secreted by adipose tissue are responsible for the insulin resistance and endothelial damage.

We would like to conduct a population study to investigate the relationship between measures of
obesity and its distribution and circulating cytokines with insulin resistance variables and CHD in 5
groups of subjects. Indian: 1) urban middle class; 2) urban slums; 3) rural; 4) migrant to the UK; and 5)
white Caucasians in the UK. In such population studies measures of obesity generally employ simple
anthropometric measurements, thereby limiting the ability to define the role of total body fat in
determining levels of cardiovascular risk factors. In the present pilot study we wish to validate
epidemiologic measures of total body fat (multi-frequency electrical impedance and skinfolds) against
the gold standard measure (deuterated water method) in three populations in India mentioned above
(a,b, & c). The study will also collect pilot data on cytokines and insulin resistance variables which will
be helpful in the design of the proposed study.

1.3. Hypothesis

The excess risk of insulin resistance in urban compared to rural Indians is explained by
increased total body fat. The relationship of increased total body fat with insulin resistance is mediated
by circulating cytokines.

1.3.1. Aims

a) To measure total body fat (deuterated water method), plasma leptin concentration, IRS
variables and pro-inflammatory cytokine concentrations in urban (middle class and slums) and
rural Indian subjects.

b) To validate multi-frequency electrical impedance measurements of body fat against the
standard reference method of deuterated water and generate repression equation.

c) To investigate whether measures of fat distribution (waist-hip ratio, subscapular-triceps ratio)
contribute additionally to a precise measure of total body fat in explaining levels of cytokines
and insulin resistance variables.

2. METHODS

2.1. Multi-stage random sampling

This method will be used to select the study population. We have restricted to men between
30-50 years of age to reduce the variability of body fat due to age and sex. In the 6 villages a
population register has been created by house to house survey of the population. Required number of
subjects will be selected by multistage random sampling. Pune city is divided into wards, 2 wards each
will be randomly selected from the ward register to represent urban middle class and urban slums.
One hundred households from each of these wards will be randomly selected from the State Electricity
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Board register. If a given household refuses to help, the next household will be requested. Subjects
with diabetes and CHD will be excluded from the study.

2.2. Anthropometric parameters

This will be measured by standard techniques adopted in the Diabetes Unit over the last few
years. Blood pressure (Copal UA-75 1 ) and biochemical parameters (Abbott Spectrum Analyser,
using standard kits) will be measured by automated methods. The pro-inflammatory cytokines and
endothelial markers will be measured by Elisa techniques under the guidance and supervision of a
biochemist from UCL London

2.3. Measures of total body fat

2.3.7. Multifrequency bioimpedance measurements

This will be done in a standardised manner [23]. Equations developed in western subjects and
used in the software of the machine to calculate total body water (TBW) are known to underestimate
TBW and therefore overestimate total body fat in thin Indian subjects. A regression equation
(incorporating height and weight) will be developed to calculate TBW from bio-impedance
measurements using deuterated water results as the reference.

2.3.2. Measurement of TBW using deuterated water

The subject will be asked to completely empty their bladder and a basal sample of urine will be
stored. Deuterium oxide (D202 99.9%) will then be orally administered in a dose of 40 mg/kg body
weight, from a sterile plastic container with the aid of a straw. This will be followed by 50 ml of distilled
water to wash the isotope downs and ensure none remains in the mouth. The sterile plastic container
will be accurately weighed before and after isotope administration to calculate the dose ingested. Urine
samples will be collected from the patients hourly, from the 4th hour after dosing, until the 8th hour after
dosing. The urine samples will be stored in tightly sealed containers, at -20°C.

The urine samples, as well as the dose administered, will be analyzed for their deuterium
enrichment using a dual inlet mass spectrometer (Europa Scientific, UK). The TBW will be calculated
using standard equations.

3. PROPOSED WORK

We will study 100 men each (30 to 50 y old) from 3 different locations: rural, urban middle class
and urban slums selected by multistage random sampling from available household registers.
Subjects will be studied in the Diabetes Research Unit of the KEM Hospital Pune for the following
measurements:

a) Total Body fat by 1) deuterated water studies and, 2) multi-frequency electrical impedance
meter.

b) Anthropometry: Height, weight, skinfolds (biceps, triceps, subscapular, suprailiac), mid-upper
arm circumference, waist-hip ratio all by standardised techniques Fat mass will also be derived
from a formula [23].

c) Metabolic: Oral glucose tolerance test (WHO 1985, 75g, anhydrous glucose, fasting, 30min
and 120 min samples), specific insulin concentrations (all 3 times), non-esterified fatty acids
(fasting and 120 mins, to assess suppression as a measure of insulin action), total and HDL
cholesterol triglycerides and leptin concentrations (all on fasting samples). Insulin resistance will
be assessed by HOMA model.

d) Pro-inflammatory cytokines: IL-6 and TNF-a

e) Endothelial markers: e-selectin, von Willebrand factor.

A resting electrocardiogram and Rose-WHO questionnaire will help rule out CHD. The number
in each group will provide sufficient power to detect a significant partial correlation at 5% level
for r = 0.20 whereas the total number provides similar power for r = 0.12.
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Analysis: Subjects with diabetes and CHD will be excluded from analysis. Distribution of insulin
resistance variables will be compared between the 3 populations and related to measures of
total body fat and cytokine measurements. Cytokine measurements will in turn be related to
different measures of total body fat. Relation between total body fat measurement by the
deuterated water method and the multi-frequency impedance method will be studied. Additional
contribution of measures of fat distribution to that of the total body fat in regression models of
insulin resistance variables and cytokines will be studied.
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