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Abstract
Aims/hypothesis This study reports the results of the first
phase of a national study to determine the prevalence of
diabetes and prediabetes (impaired fasting glucose and/or
impaired glucose tolerance) in India.
Methods A total of 363 primary sampling units (188 urban,
175 rural), in three states (Tamilnadu, Maharashtra and
Jharkhand) and one union territory (Chandigarh) of India
were sampled using a stratified multistage sampling design
to survey individuals aged ≥20 years. The prevalence rates
of diabetes and prediabetes were assessed by measurement
of fasting and 2 h post glucose load capillary blood glucose.
Results Of the 16,607 individuals selected for the study,

14,277 (86%) participated, of whom 13,055 gave blood
samples. The weighted prevalence of diabetes (both known
and newly diagnosed) was 10.4% in Tamilnadu, 8.4% in
Maharashtra, 5.3% in Jharkhand, and 13.6% in Chandigarh.
The prevalences of prediabetes (impaired fasting glucose
and/or impaired glucose tolerance) were 8.3%, 12.8%,
8.1% and 14.6% respectively. Multiple logistic regression
analysis showed that age, male sex, family history of
diabetes, urban residence, abdominal obesity, generalised
obesity, hypertension and income status were significantly
associated with diabetes. Significant risk factors for
prediabetes were age, family history of diabetes, abdominal
obesity, hypertension and income status.
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Conclusions/interpretations We estimate that, in 2011,
Maharashtra will have 6 million individuals with diabetes
and 9.2 million with prediabetes, Tamilnadu will have 4.8
million with diabetes and 3.9 million with prediabetes,
Jharkhand will have 0.96 million with diabetes and 1.5
million with prediabetes, and Chandigarh will have 0.12
million with diabetes and 0.13 million with prediabetes.
Projections for the whole of India would be 62.4 million
people with diabetes and 77.2 million people with
prediabetes.
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Abbreviations
CBG Capillary blood glucose
CEB Census enumeration block
ICMR–INDIAB Indian Council of Medical

Research–INdia DIABetes
IFG Impaired fasting glucose
IGT Impaired glucose tolerance
PPS Proportional to population size
PSU Primary sampling unit
UT Union territory

Introduction

According to the Diabetes Atlas 2009, India has 51
million people with diabetes. However, this figure is
based on a few regional studies. To date, there has been
no nationwide study of diabetes in India. The Indian
Council of Medical Research–INdia DIABetes (ICMR–
INDIAB) study was initiated, in a phased manner, to
estimate the prevalence of diabetes in India. This paper
presents the results of phase I of this study, involving
three states and one union territory (UT), overall
representing a population of 213.5 million people
(18.1% of India’s population).

Methods

The ICMR–INDIAB study methodology has been pub-
lished separately [1]. This is a cross-sectional survey
involving adults aged ≥20 years. The results of Phase I,
conducted from November 2008 to April 2010, which
includes three states randomly selected to represent the
south (Tamilnadu), west (Maharashtra) and east (Jharkhand)
of India and one UT representing northern India (Chandigarh)
are presented here.

Using a precision of 20% (80% power) and allowing for
a non-response rate of 20%, the sample size was calculated
to be 4,000 per state (2,800 rural and 1,200 urban) [1], thus
16,000 for Phase I. A stratified multistage sampling design
was followed [2]. The primary sampling units (PSUs) were
villages in rural areas and census enumeration blocks
(CEBs) in urban areas. A three-level stratification was
done. A total of 16,607 individuals (5,112 urban and 11,495
rural) were selected from 363 PSUs (188 urban and 175 rural).

Institutional Ethics Committee approval and written
informed consent were obtained in the local language.

Data collection

An interviewer-administered questionnaire was used and
weight, height, waist and blood pressure measured using
standardised techniques.

Fasting capillary blood glucose (CBG) was determined
using a One Touch Ultra glucose meter (Johnson &
Johnson, Milpitas, CA, USA). Oral glucose (82.5 g,
equivalent to 75 g of anhydrous glucose) was given and a
2 h post load CBG was collected. In individuals with self-
reported diabetes, only fasting CBG was measured.

Definitions

Diabetes was defined as individuals diagnosed by a
physician and on glucose-lowering medications (self-
reported) and/or those who had a fasting CBG
≥7 mmol/l (≥126 mg/dl) and/or a 2 h post glucose
CBG value ≥12.2 mmol/l (≥220 mg/dl) [3]. Impaired
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fasting glucose (IFG) was defined as a fasting CBG
≥6.1 mmol/l (≥110 mg/dl) and <7 mmol/l (<126 mg/dl)
and a 2 h post-glucose value <8.9 mmol/l (<160 mg/dl)
[3]. Impaired glucose tolerance (IGT) was defined as
a 2 h post glucose CBG ≥8.9 mmol/l (≥160 mg/dl)
but <12.2 mmol/l (<220 mg/dl) and a fasting value
<7 mmol/l (<126 mg/dl) [3]. Prediabetes was defined as
individuals with IFG or IGT or both.

Statistical analysis

Statistical analyses were performed using SAS statistical
package (version 9.0; SAS Institute, Inc., Cary, NC, USA).
For all stratification, the 2001 Census of India was used.
The study population was weighted for calculating preva-
lence rates. Weights were derived considering the design
weight (reciprocal of the probability of selection) and
individual response rate. The sampling weights were further
normalised at the state/UT level to obtain standard state
weights. The final weights were used to produce estimates
of population variables. For state projections, Government
of India population projections for 2011 were used [4]. For
national estimates, the weighted prevalence of three states
was used (the UT was excluded as it may inflate
projections).

Estimates are expressed as mean ± standard deviation or
proportions. To compare continuous variables, Student’s
t tests were used, whereas χ2 tests were used to test
differences in proportions. Multiple logistic regression
analysis was used to examine the association between
various exposures and outcomes. Using backward selection,
variables that remained significant were retained in the final
model. A p value<0.05 was considered significant.

Results

Of the 16,607 individuals selected for the study, 14,277
(86%) participated, of whom 13,055 gave blood samples.
There were no significant differences in demographic
characteristics between the ‘responders’ and ‘non-responders’
(results not shown). The mean (SD) age was 40±14 years,
mean literacy rate 68.2% and mean monthly income 4,603
rupees (102 USD). Urban residents had significantly higher
BMI, waist circumference, and systolic and diastolic blood
pressures in all states after adjustment for age and sex.

Table 1 shows that the overall weighted prevalence of
diabetes was 10.4% in Tamilnadu, 8.4% in Maharashtra,
5.3% in Jharkhand and 13.6% in Chandigarh. The ratio of
newly diagnosed to known diabetes was more than 1:1 in
all areas, except Tamilnadu. The overall weighted preva-
lences of prediabetes in Tamilnadu, Maharashtra, Jharkhand
and Chandigarh were 8.3%, 12.8%, 8.1% and 14.6%

respectively. This translates to 4.8 million individuals with
diabetes and 3.9 million with prediabetes in Tamilnadu. In
Maharashtra, an estimated 6.0 million have diabetes and 9.2
million prediabetes. Jharkhand would have 0.96 million
people with diabetes and 1.5 million with prediabetes, and
Chandigarh 0.12 million with diabetes and 0.13 million
with prediabetes. Out of 211.6 million people who reside in
the three states studied, an estimated 137 million are adults,
11.8 million of whom have diabetes and 14.6 million have
prediabetes. Extrapolated to the whole country, these
estimates would translate to 62.4 million individuals with
diabetes and 77.2 million with prediabetes in India.

Figure 1 presents the age- and sex-specific weighted
prevalence of diabetes. In all states, the take-off point in
prevalence was at 25–34 years with a decline after age 65.
At every age interval, the prevalence of diabetes in urban
areas was higher compared with rural areas.

Multivariable regression analyses showed that age (OR
1.7 [95% CI 1.6,1.8, p<0.001]), male sex (OR 1.3, [95% CI
1.1,1.5, p<0.001]), family history of diabetes (OR 2.1,
[95% CI 1.7,2.6, p<0.001]), urban residence (OR 1.3, [95%
CI 1.1,1.5, p=0.001]), abdominal obesity (OR 2.4, [95% CI
2.0,3.0, p<0.001]), generalised obesity (OR 1.6 [95% CI
1.3,2.0, p<0.001]), hypertension (OR 1.5 [95% CI 1.3,1.8,
p<0.001]) and income status (OR 1.3 [95% CI 1.2, 1.4,
p<0.001]) were significantly associated with diabetes. For
prediabetes, age (OR 1.2 [95% CI 1.1,1.3, p<0.001]),
family history of diabetes (OR 1.2 [95% CI 1.0,1.5,
p=0.045]), abdominal obesity (OR 1.7 [95% CI 1.4,1.9,
p<0.001]), hypertension (OR 1.3 [95% CI 1.1,1.5,
p=0.005]) and income status (OR 1.2 [95% CI 1.1,1.3,
p<0.001]) were significant risk factors.

Discussion

This study is the first from India to estimate prevalence of
diabetes and prediabetes, surveying rural and urban inhabitants
across selected states of India. The sheer size of the populations
of these states contributes to the impact of these findings.
Maharashtra has a population of 112.7 million (the size of UK
and Italy combined), Tamilnadu 67.4 million (the size of
France) and Jharkhand 31.4 million (the size of Canada).

There have only been three multicentre studies on the
prevalence of diabetes in India. The earliest study reported
a prevalence of 2.1% in urban and 1.5% in rural areas [5].
The National Urban Diabetes Survey [6] showed an overall
age-standardised prevalence of 12.1% for diabetes and 14%
for IGT in six large metropolitan cities. The Prevalence of
Diabetes in India Study [7] reported diabetes prevalence of
5.9% and 2.7% in small towns and rural areas respectively.

In our study, Chandigarh was found to have the highest
prevalence of diabetes (13.6%), which is not unexpected as
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Chandigarh serves as the joint capital of Punjab and
Haryana, two prosperous states in India. A previous study
reported 11% prevalence in urban Chandigarh [8].

In all four states studied, the prevalence of diabetes was
higher in urban, compared with rural areas. This difference
was most marked in Jharkhand, where rural–urban disparities
in socioeconomic status are among the highest in India. The
decrease in prevalence of diabetes after 65 years is possibly
due to survivor bias, possibly reflecting deaths at earlier ages
due to complications of diabetes. This has significance in
planning health services.

The ratio of known to newly diagnosed diabetes is a
good indicator of the level of diabetes awareness in a
population. In all states studied, the newly detected diabetes
cases outnumbered individuals with known diabetes, except
in Tamilnadu where periodic screening is done.

The prevalence of prediabetes was higher than that of
diabetes in all states except Tamilnadu; the latter is probably
due to quicker progression to diabetes [9] or due to ethnic
differences. This calls for studies on ethnic differences
between states with different risk profiles. The high
prevalence of prediabetes is worrisome as this implies a
huge population at risk of developing diabetes in the near
future.

One of the limitations of this study is the use of CBG,
which has a wider coefficient of variation than venous
plasma. However, the logistical constraints of insufficient
phlebotomists, poor compliance, limited availability of

quality-controlled laboratories, and challenges in trans-
porting and storing blood samples precluded the use of
venous sampling. Moreover, we have shown good correla-
tion between CBG and venous plasma estimations [10].
Also, although data from three states was used to project
the number of people with diabetes in India, and final
estimates may vary once the entire study is completed, the
sampling frame has ensured representativeness, enhancing
the credibility of our estimates.

In conclusion, this study shows that the prevalence of
diabetes and prediabetes are higher in both urban and rural
areas of India compared with earlier studies. With greater
urbanisation, growth of the middle class and ageing of the
population, we can expect huge increases in the numbers of
people with diabetes in India in the future.
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