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ABSTRACT The increased burden of type 2 diabetes mellitus (T2DM) has accelerated the number of genetic
studies in different human populations for detecting at least predictive biomarkers related to T2DM. Genome-wide
association designs have successfully identified number of potential genetic variants associated with T2DM and
explained the polygenic nature of T2DM inheritance using large sample sizes. Genetic epidemiologists have also
explored the quantitative glycemic traits simultaneously with T2DM and provided comprehensive picture of
overlapping findings through biological pathways. Indian studies on genetics of T2DM are generally limited to the
candidate gene based association designs and efforts were primarily made to validate the European findings. This
manuscript is a broad comparative account of efforts in genetic evaluation of T2DM and its related measures in
Western and Indian populations.
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INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a multi-
factorial metabolic disease characterised by im-
paired insulin secretion followed by insulin re-
sistance (Ramachandran et al. 2010). There are
415 million diabetic people worldwide reflecting
the global rise in its prevalence of which 69.2
million are Indians and ranked 2nd in terms of
number of people with diabetes (International
Diabetes Federation 2015). The risk factors, like
hypertension and obesity, due to changing di-
etary habits and preference for physical inactiv-
ity are major known environmental factors of
T2DM. The high heritability of T2DM (0.69,
Almgren et al. 2011) and glycemic traits (fasting
glucose:  24-72%, (Mathias et al. 2009) has gen-
erated hope that a genotype might help to target
those at greatest risk (Vassy et al. 2014). The
underlying genomics of T2DM has been explored
through two main approaches, like, linkage stud-
ies and association studies (that is, candidate
gene and genome-wide association studies
(GWASs)). The researchers’ objective was to
briefly review the current research developments

on genetics of T2DM and related traits in West-
ern population in comparison to India.

The earlier attempts of genetic dissection of
T2DM with replication and validation studies
were limited to PPARG6 (Altshuler et al. 2000),
KCNJ11 (Gloyn et al. 2003) and TCF7L2 (Grant
et al. 2006). GWASs were driven by the “Com-
mon–Disease Common Variant” (CDCV) hypoth-
esis (Reich and Lander 2001) and have substan-
tially changed the landscape of genetic research
in T2DM. The CDCV hypothesis lead to the ag-
nostic survey of whole genome for detecting
genetic variants associated with the trait under
investigation known as genome-wide associa-
tion studies. While conducting GWAS, research-
ers have adopted two-fold strategy for study-
ing T2DM:  first by exploring the genomics of
T2DM as a disease, thus, expanded the list of
common markers (Voight et al. 2010) and second
by extending the GWAS approach in exploring
the genomics of its diagnostic quantitative traits
(Dupuis et al. 2010). Since 2007, series of GWASs
have remarkably changed the known genomic
profile of T2DM in different human populations.
These large scale genomic investigations have
largely covered western populations, and have
confirmed genome-wide significant associations
of 56 loci for type 2 diabetes (Morris et al. 2012)
and 53 loci for glycemic traits (Scott et al. 2012),
of which 33 have overlapping effects (Scott et
al. 2012). These discoveries have considerably
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increased the understanding of pathophysiolo-
gy of type 2 diabetes and its related glycemic
traits like levels of fasting glucose, insulin and
Homeostatic Model Assessment for insulin se-
cretion and resistance (HOMA-β and HOMA-
IR). These known genetic polymorphisms dis-
covered to date have explained about 10 per-
cent of genetic variation underlying T2DM (Voi-
ght et al. 2010).

The genetic variants associated with T2DM
and glycemic traits identified by independent
genome-wide association studies have ex-
plained little of the variability. Apparent short-
fall in “heritability explained” has prompted spec-
ulation about possible explanations (Maher
2008). The primary reasons were small effect siz-
es of common alleles, and requirement of large
sample sizes for detecting relatively rare vari-
ants (Chapman et al. 2011; Evangelou and Ioan-
nidis 2013). Therefore, after the first wave of
GWASs, investigators started meta-analyses of
available genome-wide data for detecting addi-
tional genetic variants associated with T2DM
and glycemic traits (Zeggini et al. 2008; Dupuis
et al. 2010; Cho et al. 2012; Scott et al. 2017). The
merits of using this approach of meta-analyses
of GWASs were to increase the sample size to
several folds, raised the study power for detect-
ing relatively rare genetic variants and reducing
false-positive results (Evangelou and Ioannidis
2013) have successfully helped genetic epide-
miologists involved in T2DM.

WESTERN SCENARIO

In European populations, GWASs have
reached their limits for detecting common ge-
netic variants (Vassy et al. 2014) related to T2DM
and glycemic traits. GWASs have explained 4.8
percent and 1.2 percent of variation in fasting
glucose and fasting insulin, respectively (Ma-
hajan et al. 2015). Recently, a meta-analysis of
genome-wide association studies has identified
13 additional variants associated with T2DM
which were driven by common single nucleotide
variants (Scott et al. 2017). Scientific argument
was given based on simulation studies (Pritchard
2001) that the rare variants (minor allele frequen-
cy <5%) may have larger effects than common
variants and greater potential to explain disease
susceptibility. Therefore, investigators have
started putting their energies in whole genome
or exome based sequencing technologies in or-

der to extend the explained genetic variance of
T2DM and glycemic traits. A recent large attempt
has tested the association of low frequency ge-
netic variants using whole genome sequencing
data on >2500 Europeans, exome sequencing of
>12,000 individuals from different ancestries and
genotyping on 111,548 subjects (Fuchsberger
et al. 2016). Their findings were consistent with
predictions under the ‘neutral’ common variant
model, that is, common polygenic model where
low frequency or rare variants explains only
~25% of T2DM heritability. Majority of genetic
variants identified by them were common and
located on previously detected GWAS loci.
Moreover, they have also ruled out the possibil-
ity of synthetic association which was suggest-
ed by Goldstein (2011). Further, an exome-wide
association study on non-diabetic European in-
dividuals was conducted in order to find the low
frequency functional variants associated glyce-
mic traits (Mahajan et al. 2015). They had found
evidence of association of GLP1R (p.Ala316Thr)
with fasting glucose levels and URB2
(p.Glu594Val) with fasting insulin levels (Ma-
hajan et al. 2015).  In Finnish population, Man-
ning et al. (2017) has explored the low frequency
variants associated with glycemic traits and
T2DM using exome sequencing techniques and
identified a novel rare variant of AKT2
(p.Pro50Thr). The locus discovered is fully pen-
etrant and causal for monogenic glycemic disor-
ders and can lead to 12 percent rise in fasting
insulin levels in terms of effect size.  There were
consistent efforts in detecting universal biom-
arkers for T2DM to achieve easy translation into
global public health therapeutics. Waters et al.
(2010) conducted the first large attempt of trans-
ethnic meta-analysis and reported 18 novel loci
associated with T2DM. A trans-ethnic analysis
has identified 23 shared genetic loci between
the samples of European ancestry and African
ancestry (Liu et al. 2016). They have also report-
ed two new genetic variants, that is, FAM133A
(rs213676) and PELO (rs6450057) in the replica-
tion sample of African ancestry (Liu et al. 2016).
Interestingly, a trans-ancestral fine mapping of
well- established four loci (CDKAL1, CDKN2A-
B, IGF2BP2 and KCNQ1) of T2DM were under-
taken to localize the potential causal variants
and showed that distinct association signals are
shared across ancestries (that is, East Asian,
European, South Asian, African American and
Mexican American descent) (Horikoshi et al.
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2016). In addition to above, researchers are also
trying to disentangle the biological pathways
underlying T2DM based on identified genetic
polymorphisms, for example, a recent study eval-
uated four broad pathways, that is, 1. insulin
sensitivity, 2. reduced insulin secretion and fast-
ing hyperglycemia, 3. insulin processing, 4. in-
sulin processing and secretion without a detect-
able change in fasting glucose levels (Dimas et
al. 2014). The number of loci identified by
GWASs related to impaired beta cell function is
larger than loci associated with insulin resistance
(Nolan et al. 2011). The detailed investigation of
insulin secretion and sensitivity was conducted
using >5000 individuals and discovered associ-
ation of 30 genetic variants related to either
T2DM or glycemic traits with first-phase insulin
secretion (Wood et al. 2017). They have also
found strong association of PDX1 with quanti-
tative first-phase insulin secretion that has no
effect on T2DM, whereas, TCF7L2 was associ-
ated with peak insulin response which suggests
its role in hepatic insulin clearance or insulin
processing (Wood et al. 2017). The high suc-
cess of GWASs have only explained moderate
amount of genetic variation (10%) of T2DM her-
itability (Manolio et al. 2009).

INDIAN  SCENARIO

In India, majority of studies explored genet-
ics of T2DM using candidate gene approach
(Nair et al. 2010; Sugunam et al. 2010) or validat-
ing findings of GWASs conducted in European
populations (Chandak et al. 2007; Sanghera et
al. 2008; Gupta et al. 2010; Uma et al. 2013).  Com-
paratively, the studies on quantitative traits of
type 2 diabetes in India are few (Sanghera et al.
2009; Chauhan et al. 2010) and have investigat-
ed a limited number of SNPs. The researchers
used  population based study design of ‘Indian
Migration Study’ (Ebrahim et al. 2010) and had
conducted India’s first largest population based
study on quantitative traits related to T2DM by
genotyping over 6000 samples (Gupta et al. 2012).
The researchers have identified associations of
CXCR4 (rs932206), CDKAL1 (rs7756992) and
TCF7L2 (rs7903146, rs12255372) with fasting
glucose; NOTCH2 (rs10923931), TCF-2
(rs757210), ADAM30 (rs2641348) and CDKN2A/
B (rs10811661) with fasting insulin; TCF-2,
ADAM30 and CDKN2A/B with homeostatic
model assessment-insulin resistance (HOMA-

IR); and ADAM30 and CDKN2A/B with (ho-
meostatic model assessment- β cell) (HOMA-β)
(Gupta et al. 2012). Unfortunately, India’s first
genome-wide association study on T2DM was
published quite late in 2013 by a group from
Institute of Genomics and Integrative Biology
(IGIB), Delhi, (Tabassum et al. 2013). They had
used hospital based case-control design, per-
formed genome-wide scan of 2465 individuals
and only able to identify one new locus (that is,
TMEM163) which might be due to falsely con-
sidering Indo-European linguistic division as
single ethnic group. Institute of Genomics and
Integrative Biology (IGIB) also conducted Indi-
an genome variation database (2008) in which
they concluded that the reality of Indian popu-
lation structure is based on endogamy, which
anthropologists were suggesting from several
decades, but there seems to be no learning by
the group working on T2DM in the same insti-
tute. Another study form south Indian popula-
tion of relatively small sample size (578 cases
and 578 controls) has validated genetic variants
of TCF7L2 and SLC30A8 in association with
T2DM (Phani et al. 2016). Similarly, Chidambaram
et al. (2016) had validated single nucleotide poly-
morphisms in/nearby TCF7L2 and CDKN2A/2B
in south Indian population. Majority of Indian
studies were plagued by small sample size, re-
stricted to case-control study design and con-
founded by population stratification due to large
ethnic diversity.

Genetic epidemiologists working in India
sooner or later have to respect the Indian popu-
lation diversity and ecological complexity while
designing their genetic association studies. For
instance, the researchers had conducted a small
genetic study on T2DM using case-control de-
sign and collecting samples from single endog-
amous population and validated the role of
TCF7L2 in predisposing T2DM in this popula-
tion with relatively large effect size (odds ratio
of 2.0) in comparison to European populations.
Interestingly, India’s 2nd GWAS on T2DM also
came in 2013, was conducted on Punjabi Sikhs
(an ethnically valid sample). They had discov-
ered another novel loci SGCG (rs9552911) and
confirmed the role of previously identified loci:
TCF7L2 and IGF2BP2 (Saxena et al. 2013). This
study had highlighted the possibility of shared
and unique genetic landscape of T2DM in India
(Holliday 2013). A survey of confirmed genetic
associations related to T2DM has shown the
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highest level of directional genetic differentia-
tion among the studied twelve common diseas-
es (Chen et al. 2012) suggesting possible “pop-
ulation-specific evolutionary adaptation to
agricultural developments, dietary patterns, or
food availability” (Holliday 2013). This further
strengthens the argument for appreciating the
geography and endogamy for conducting ge-
netics based association studies in India.

CONCLUSION

The era of GWASs has successfully gener-
ated vast amount of information on genetic ar-
chitecture and pathophysiology of T2DM and
their related glycemic traits. These discoveries
demand validation in different human popula-
tions using appropriate study designs and opti-
mum sample sizes. For culturally diverse coun-
try like India, we need India specific GWAS for
detecting genetic variants related to T2DM and
its measures.

RECOMMENDATIONS

There is a need to conduct population based
genetic studies related to T2DM and glycemic
traits with sample sizes representing the burden
of the disease in India. In order to identify low
frequency causal functional variants,  large scale
sequencing studies are required with careful
study design fully representing ethnic diversity
of India.  It will be helpful in creating the T2DM
knowledgebase that can be further used for de-
veloping and testing of super-specialized micro-
level hypothesis.
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