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Abstract

Aims.  –  This review investigated the population impact of major modifiable type 2 diabetes (T2D) risk factors, with special focus on native Asian
Indians, to estimate population attributable risks (PARs) and compare them with estimates from Chinese and Japanese populations.

Methods.  –  Information was obtained on risk factors in 21,041 Asian Indian, 17,774 Chinese and 17,986 Japanese populations from multiple,
large, cross-sectional studies (the DECODA project) of T2D. Crude and adjusted PARs were estimated for the major T2D risk factors.

Results.  –  Age had the highest crude and adjusted PARs among Asian Indians and Chinese in contrast to waist–hip ratio among Japanese. After
adjusting for age, the PAR for body mass index (BMI) in Asian Indians (41.4% [95% CI: 37.2%; 45.4%]) was second only to triglycerides (46.4%
[95% CI: 39.5%; 52.8%]) compared with 35.8% [95% CI: 29.9%; 41.4%] in Japanese and 38.4% [95% CI: 33.5%; 43.2%] in Chinese people. The
PAR for BMI adjusted for age, LDL and triglycerides (39.7% [95% CI: 31.6%; 47.2%]) was higher than for any other factor in Asian Indians, and
was much higher than in the Chinese (16.8% [95% CI: 3.0%; 30.9%]) and Japanese (30.4% [95% CI: 17.5%; 42.2%]) populations.

Conclusion.  –  This review provides estimates of the association between major risk factors and prevalences of T2D among Asian populations
by examining their PARs from large population-based samples. From a public-health point of view, the importance of BMI in Asian Indians is
especially highlighted in comparison to the other Asian populations. Given these results and other recent findings on the causality link between
BMI and T2D, it can be postulated that obesity may be involved in the aetiology of T2D through interaction with ethnic-specific genetic factors,
although ethnicity itself is not a direct risk factor for T2D as people of all ethnic backgrounds develop diabetes.
© 2015 Elsevier Masson SAS. All rights reserved.
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1.  Introduction

Type 2 diabetes mellitus (T2D) is among the most common
chronic metabolic diseases, affecting nearly 3% of the popu-
lation worldwide [1]. Recent estimates suggest that T2D will
affect at least 550 million people by 2030, more than previously
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proposed [2], and become an increasing epidemic in Asian
countries [3]. In 2000, the highest worldwide country-specific
estimate of T2D, 31.7 million cases, was found in India [1,4].
Native Asian Indians, in particular, show an ethnic susceptibility
to T2D and a high disease prevalence [4–6].

While the causes of T2D are still not completely understood,
it is generally believed that T2D results from both genetic and
environmental factors. It has long been demonstrated that fam-
ilies with diabetic patients have a significant excess of diabetic
relatives compared with families without diabetic patients [7].
More important, genetic factors play a crucial role in the patho-
genesis of T2D in the Indian population. A recent study reported
that Asian Indians are excessively insulin-resistant compared
with Caucasians [5]. In another study of a Western Indian popu-
lation, a pedigree analysis suggested that a family history of T2D
results in a predisposition in successive generations along with
a decrease in age at onset of T2D [8]. More recently, an excess
maternal transmission of T2D was identified among Asian Indi-
ans [9]. On the other hand, many environmental factors, such
as diet, lifestyle and body mass index (BMI), are also report-
edly associated with the risk of T2D in Indians [6] as well as in
other Asian populations such as the Chinese [10]. A large-scale
study based on data from the Diabetes Epidemiology: Col-
laborative Analysis of Diagnostic Criteria in Asia (DECODA)
project, organized by the National Institute for Health and Wel-
fare (THL) in Finland and ongoing since 1997, reported that
central obesity, measured as the waist-to-stature ratio (WSR),
is more strongly associated with T2D than BMI in most Asian
populations [11].

When measuring disease-exposure associations from a
public-health perspective, some risk factors with a high relative
risk may not be playing a predominant role at the popula-
tion level because few people are exposed to them. Thus, an
alternative public-health focus is to quantify the contribution
of the population attributable risk (PAR) fraction to preva-
lence, which may then help to guide interventions. PAR analysis
in an Australian cross-sectional study demonstrated that over-
weight and obesity are associated with diabetes [12]. However,
there has been little quantitative measurement at a population
level of the impact of the major T2D risk factors in Asian
populations.

Thus, given our awareness of the ethnic specificity of T2D
morbidity, our aim was to evaluate the impact of known T2D
risk factors in the native Asian Indian population, and to com-
pare it with those in other Asian populations by quantifying their
attributable contributions to T2D based on DECODA data for
PAR [13], which reflects the rate of prevalence reduction in a
population by eliminating exposure. This was then compared
with the PARs from different populations to identify the most
influential population-specific risk factor. In particular, increas-
ing evidence implicates the potential causal role of obesity in the
development of T2D [14–16], and the population-level impact
of obesity on T2D is a growing concern in public health that has
yet to be measured in Asian populations. It is worth noting that,
as the data used in the present analysis are cross-sectional, it is
only possible to evaluate an association rather than defining a
causal inference.

2.  Materials  and  methods

2.1.  Data  description

Recruitment of the DECODA cohorts has been described
in detail in previous publications [17,18]. Our present analysis
included a total of 21,041 native Asian Indians, of which 10,052
(47.8%) were male, and 17,774 Chinese and 17,986 Japanese
sample populations. Indian subjects living in Fiji (n  = 1068)
and Mauritius (n  = 3282) were also included for comparison
of T2D incidence with native Indians. For the native Indian
population, the focus was on population-based cross-sectional
surveys for T2D performed during 1993–2000 and 2006. These
data were collected from six studies, including Chennai 94 [19],
Chennai 97 [20,21], Chennai 2006, Dombivli [22], CURES [23],
and the Indian National Urban Diabetes Survey (NUDS) [6],
which investigated T2D and impaired glucose regulation using
a standard 2-h 75-g oral glucose tolerance test (OGTT).

Individual data were collected and sent to the THL in
Helsinki, Finland. Fasting blood samples were collected after
overnight fasting for measures of plasma glucose and lipids.
The kinase oxidase method was applied for glucose measure-
ments, and the enzymatic method used for triglycerides, and total
and high-density lipoprotein (HDL) cholesterol. Low-density
lipoprotein (LDL) cholesterol was calculated using the Friede-
wald formula. Blood pressure was measured on the right arm
after 5–10 min of sitting using a standard mercury sphygmo-
manometer. Waist circumference was measured at the midpoint
between the lowermost rib margin and the iliac crest. Smoking
status was defined as a categorical variable with three levels:
non-smoker; ex-smoker; and current-smoker. A large number
of subjects in the Dombivli and NUDS studies were missing
data for some variables, including LDL, HDL and triglycerides.
The risk factors included in our present study were age, height,
BMI, waist–hip ratio (WHR), systolic/diastolic blood pressure
(SBP/DBP), LDL, HDL, triglycerides and smoking status. The
basic data used for our analyses are presented in Table 1.

The definition of T2D used in our analysis comprised two
parts. Previously diagnosed T2D was defined by self-reports of
a prior history of T2D or a history of taking drugs for T2D.
Newly diagnosed T2D was based on the World Health Organi-
zation (WHO) criteria published in 2006: fasting plasma glucose
(FPG) ≥  7.0 mmol/L or 2-h plasma glucose ≥  11.1 mmol/L [24].
Any subject whose T2D status or history could not be deduced
was excluded from the entire analysis.

2.2.  Methods  for  statistical  analysis

The prevalence of T2D was estimated by dividing the total
population recruited from the DECODA studies by the number
of subjects newly or previously diagnosed with T2D. The 95%
confidence intervals (CIs) for this proportion were constructed
based on binomial probability, using the Clopper–Pearson
method [25].

Analyses of PAR were divided into two stages. First, compet-
ing models containing different potential risk factors associated
with T2D were assessed to select the factors present in the top
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