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REVIEW ARTICLE 

 

Genetic Factors in the Etiology of Type 2 Diabetes: Linkage 

Analyses, Candidate Gene Association, and Genome-Wide 

Association – Still a Long Way to Go! 
 

Deepak N Parchwani, SMS Murthy, Amit A Upadhyah, Digisha D Patel 
 

ABSTRACT 
 

Type 2 diabetes is a complex and pleomorphic metabolic 

disorder arising from a complex interaction between genes 

and the environment. During the last decade there has been 

an outpouring of studies providing clues into the genetic 

architecture underlying type 2 diabetes mellitus. This review 

provides an overview of the genetics of type 2 diabetes in the 

context of recent progress in the understanding of the genetic 

susceptibility of the disease. Approximately 40 variants have 

been identified so far and the identification of these 

susceptibility loci for diabetes has introduced novel genes, 

pathways and mechanisms of diabetes pathogenesis. The 

genetic loci so far identified account for only a small fraction 

(approximately 10%) of the overall heritable risk for type 2 

diabetes mellitus. Uncovering the missing heritability is 

essential to the progress of type 2 diabetes genetic studies 

and to the translation of genetic information into clinical 

practice. However, it may be a long time before all the 

susceptibility genes are found. It may take even more time 

before their roles in different pathways have been elucidated 

and the mechanisms involved in their interaction with other 

factors in the disease etiology clarified. 
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INTRODUCTION 
 

Type 2 diabetes mellitus (T2DM) is a complex 

and pleomorphic metabolic disorder, 

characterized by defects in insulin secretion and 

insulin action which lead to hyperglycemia.[1] 

Nearly 285 million individuals worldwide are 

affected by diabetes mellitus. Global estimates for 

the year 2030 predict a further growth of almost 

50%.[2] In 2000, it is estimated that 2.8% of 

world’s population had diabetes mellitus and that 

by 2030 this number will be 4.4% of the world’s 

population. According to Wild et al[2], the ‘top’ 

three countries in terms of the number of T2DM 

individuals with diabetes are India (31.7 million 

in 2000; 79.4 million in 2030), China (20.8 

million in 2000; 42.3 million in 2030) and the US 

(17.7 million in 2000; 30.3 million in 2030). 

Clearly, T2DM has attained epidemic proportions 

in the 21st century, raising serious concern. 

Although the current rise in T2DM prevalence is 

driven mainly by changes in life-style, complex 

genetic determinants are widely considered to 

contribute to an inherent susceptibility to this 

disease. Among data supporting a strong 

heritable component are the marked differences 
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in T2DM prevalence across populations. This 

prevalence ranges from the high-risk Pima and 

South Sea Island populations, where it now 

exceeds 50%, to relatively low-risk European 

populations, where it had been closer to 5%, and 

intermediate-risk Asian Indians, United States 

minority populations of African and Hispanic 

ancestry, where the prevalence now approaches 

20%.[3,4] Additional support derives from the 

strong familial aggregation, nearly four – fold 

increased risk for T2DM in siblings of a diabetic 

proband compared with the general population 

(λs of 3.5 to 4), the increased risk of T2DM in the 

offspring of one affected parent to an odds ratio 

of 3.4 – 3.5 and to 6.1 if both parents are 

affected.[5] The pathogenesis of T2DM is 

heterogeneous, suggesting that the contribution 

from individual genetic factors is modest. 

Identification of the genetic components of type 2 

diabetes is the most important area of diabetes 

research because elucidation of the diabetes 

genes (alleles) will influence all efforts toward a 

better understanding of the disease, its 

complications, treatment, cure, and prevention. 

Linkage analysis and the candidate gene 

approach were the primary methods to link 

genotype and phenotype before the development 

of genome wide association studies (GWAS). This 

review will highlight the state of polygenic T2DM 

genetics  i.e. we provide an overview of the 

genetics of type 2 diabetes in the context of 

recent progress made via linkage analyses, 

candidate gene association studies, and genome-

wide association to understand the genetic 

architecture of the disease. 

 

PROGRESS IN GENE DISCOVERY 
 

In contrast to monogenic disorders, where 

results from single mutations lead to predictable 

phenotypes, the complex genetic architecture of 

susceptible and protective alleles in polygenic 

type 2 diabetes is more difficult to discern. 

Indeed, accumulating data suggest that type 2 

diabetes is likely a collection of many closely 

related diseases with varying but often 

overlapping primary mechanisms that involve 

both impaired insulin secretion and insulin 

resistance. Adding to the challenge, type 2 

diabetes is generally diagnosed later in life as a 

consequence of significant interactions of life-

long environmental influences with multiple 

genetic factors. Because of the limited individual 

impact of single genetic loci, a full understanding 

of the complex gene-gene and gene-environment 

interactions in this disease has proven quite 

challenging. Prior to the GWAS era, the 

importance of genetic factors in the etiology of 

T2DM had been well established through family 

and twin studies.[6,7] The primary methods to 

identify susceptibility loci for diseases or 

phenotypic traits were linkage analysis and 

candidate gene association studies. 
 

LINKAGE STUDIES 
 

In the first phase of diabetes gene discovery, 

investigators used techniques based on linkage 

analysis to identify potential diabetes-associated 

genes. This approach, best suited for discovering 

genes with strong effects within relatively small 

family-based studies, involves genotyping 

affected family members for a set of markers to 

identify regions that are coinherited more 

commonly in affected family members and 

therefore potentially point to a genomic region 

containing a susceptibility locus. 

 

Discovery of calpain 10 (CAPN10) was the first 

reported success from this line of investigation.[8] 

Although the haplotype described originally 

could not be strongly replicated in other ethnic 

groups, selected small nucleotide polymorphism 

(SNPs) in the promoter region do display 

evidence of association on meta-analysis, albeit 

with modest P values.[9-11] While the reason for 

this heterogeneity remains unexplained, 

functional evidence for a possible role of this 

protein in glycemic physiology is proved.[12] 

Well-replicated linkage on chromosome 20q 

resulted in the identification of noncoding 

variants in the HNF4α gene, which have been 

replicated in some studies.[13-16] Similarly, linkage 

with type 2 diabetes or related traits in 

chromosome 1q (q21 – q23) has been observed 

across ethnic groups and in multiple populations 

and encompasses over 400 expressed genes, 

including many strong candidates.[17-21] 

Investigators of the International Chromosome 
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1q Consortium carried a  detailed fine-mapping 

and association analysis of this region, though no 

convincing locus predisposing to type 2 diabetes 

was reported. Finally, a thorough exploration of 

multiple (and modest) linkage signals by deCODE 

investigators resulted in the identification of the 

gene encoding the transcription factor 7-like 2 

(TCF7L2) as the locus that confers the strongest 

effect on type 2 diabetes risk yet found.[22] This 

strong association has been replicated in many 

ethnic groups (with an OR of about 1.4 per risk 

allele).
[23,24]

 Multiple risk allele appear to have an 

additive effect, one allele confers approximately 

40% relative risk of diabetes, whereas two copies 

confer 80% relative risk.[25] Five SNPs and 1 

tetranucleotide repeat polymorphism 

(DG10S478) within TCF7L2 showed strong 

association with T2DM in 3 independent cohorts, 

and the SNPs (rs12255372 and rs7903146) 

showed strong linkage disequilibrium (LD) with 

composite at-risk alleles of the microsatellite 

marker (DG10S478). The association between 

the SNPs (rs12255372 and rs7903146) and 

decreased insulin secretion was also reported in 

American subjects with impaired glucose 

tolerance.[25] Subsequently, the association of 

TCF7L2 with T2DM was replicated not only in 

populations of European origin but also in other 

ethnic groups.[26-29] The precise mechanisms by 

which TCF7L2 variants increase risk are not well 

understood, although various lines of evidence 

suggest that they involve the enteroinsular axis, 

impaired insulin secretion and possibly reduced 

β cell proliferation.[30,31] Although this approach 

had proven extremely successful in identifying 

rare genetic variants of strong effects for single-

gene disorders such as maturity onset diabetes of 

the young (MODY)[32], but proved limited in 

unveiling common genetic variants that underlie 

polygenic diseases. Once it became clear that 

association methods conducted in much larger 

samples was preferable to linkage analysis[33], 

investigators generally turned their attention to 

biological candidate genes. 

 

CANDIDATE GENES 
 

Candidate genes are previously discovered genes 

that, based on their inferred physiologic role, are 

hypothesized to contribute to the disease of 

interest if abnormal. In the case of type 2 

diabetes, defects in genes encoding proteins that 

play a role in pathways involved in insulin 

control and glucose homeostasis would all be 

considered reasonable candidates for 

contributing to the genetic basis of disease. A 

powerful approach to finding such defects is the 

identification of a significant association between 

diabetes mellitus and a functional polymorphism 

in a candidate gene. Generally, this is achieved by 

comparing a random sample of unrelated type 2 

diabetes mellitus patients with a matched control 

group. This approach may show a polymorphic 

allele that is increased in frequency in the patient 

group and such a significant association might 

point towards a disease susceptibility locus. To 

date, over 250 candidate genes have been studied 

for their role in type 2 diabetes mellitus. The 

majority of these studies have failed to uncover 

any association, possible explanation for this 

include small sample sizes, differences in T2DM 

susceptibility across ethnic groups, variation in 

environmental exposures, gene-environment 

interaction and in part due to adoption of low 

statistical thresholds before declaring 

association. Still, some findings stood the test of 

time such as role for some of the gene products 

involved in insulin secretion or insulin action, 

such as IRS-1, the glucagon receptor, the 

sulphonylurea receptor (SUR) and the 

peroxisome proliferator activated receptor-

γ(PPARγ). Because of the current controversy 

regarding validity of association of many 

described gene(s), this review will focus only on 

a few of the most promising candidate genes that 

have been convincingly associated with T2DM: 

PPARγ (peroxisome proliferator-activated 

receptor-γ)[34]: This gene has been widely 

studied because it is important in adipocyte and 

lipid metabolism. In addition, it is a target for the 

hypoglycemic drugs known as 

thiazolidinediones. A proline-to-alanine change 

in codon 12 (P12A) of the peroxisome 

proliferator–activated receptor γ (PPARγ) gene 

was the first genetic variant to be definitively 

implicated in the common form of type 2 

diabetes and is very common in most 

populations.  
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ABCC8 (ATP binding cassette, subfamily C, 

member 8)[34]: This gene encodes the high-

affinity sulfonylurea receptor (SUR1) subunit 

that is coupled to the Kir6.2 subunit (encoded by 

UKCNJ11U, also known as the potassium channel, 

inwardly rectifying subfamily J, member 11). 

Both genes are part of the ATP-sensitive 

potassium channel, which plays a key role in 

regulating the release of insulin and glucagon in 

the beta cell. Mutations in either gene can affect 

the potassium channel’s activity and insulin 

secretion, ultimately leading to the development 

of T2DM. Interestingly, ABCC8 and KCNJ11 are 

only 4.5 kb apart, and not far from the INS gene. 

Variant forms of KCNJ11 (Lys) and ABCC8 (Ala) 

genes have been associated with T2DM, as well 

as other diabetes-related traits.  

 

CAPN10 (calpain 10)[34]: CAPN10 encodes an 

ubiquitously expressed intracellular calcium-

dependent cysteine protease. A haplotype that 

was initially linked to T2DM included an intronic 

A to G mutation at position 43, which appears to 

be involved in CAPN10 transcription. Two amino 

acid polymorphisms (Thr504Ala and Phe200Thr) 

have also been associated with T2DM risk. It has 

been suggested that the coding and noncoding 

polymorphisms do not independently influence 

T2DM risk, but instead contribute to an earlier 

age at diagnosis. Physiological studies suggest 

that variations in calpain 10 activity effects 

insulin secretion, and therefore, susceptibility to 

T2DM.  

 

HNF1B: Research[35] on this MODY (maturity 

onset diabetes of the young) gene has produced a 

conclusive association of an intronic SNP 

(rs757210) in hepatocyte nuclear factor 1b 

(HNF1B) (previously known as TCF2) with type 2 

diabetes. 

 

The Glucagon Receptor (GCGR): Glucagon is a 

key hormone in the regulation of glucose levels. 

As such, the GCGR gene which encodes its 

receptor is a candidate diabetes susceptibility 

gene. A missense mutation in the glucagon 

receptor gene has been associated with 

decreased tissue sensitivity to glucagon and type 

2 diabetes. 

One of the major drawbacks of the candidate 

gene approach is that it will not lead to the 

identification of entirely new genes or pathways 

involved in T2DM. In order to identify new genes 

for T2DM, genome wide scans using polymorphic 

markers need to be performed. 

 

GENOME WIDE ASSOCIATION STUDIES 

(GWAS) 

 

A significant breakthrough in understanding the 

genetic basis of complex traits including T2DM, 

was facilitated by the arrival of GWAS. GWAS is a 

powerful biology-agnostic method to detect 

genetic variations that predispose to a disease. In 

GWAS, the entire genomes of individuals with 

and without the disorder of interest (i.e., cases 

and controls) are screened for a large number of 

common SNPs. If one type of the variant 

(one allele) is more frequent in people with the 

disease, the SNP is said to be "associated" with 

the disease. The associated SNPs are then 

considered to mark a region of the human 

genome which influences the risk of disease. The 

ability to interrogate the entire genome was 

made possible by several key advances: First, 

completion of the Human Genome Project and 

the International HapMap project identifying a 

large number of haplotype-tagged SNPs. Second, 

development of highly efficient, yet affordable 

genotyping technologies, which enabled rapid 

execution of a substantial number of GWAS. 

Third, development of analytical tools which 

made possible corroborative analysis and 

interpretation of huge amount of data from 

various sources. And fourth, cumulative assembly 

of well-phenotyped cohorts through different 

international collaborations. 

 

Following the completion of the Human Genome 

Project, a search for genetic variation that might 

explain phenotypic diversity and an individual’s 

risk of disease ensued. Assaying SNPs became a 

mainstream way to study the association of 

genetic variation and disease. A SNP is a single 

nucleotide DNA sequence variant in the genome 

that differs between members of the same 

species or a pair of chromosomes in an 

individual. SNPs occur on an average every 300 
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base pairs, have a low rate of recurrent mutation, 

and are most often binary in nature. Several 

million SNPs were discovered and deposited in 

public databases.[36] Initially, the HapMap 

genotyped 3.9 million SNPs in 270 DNA samples 

among four different ethnic groups and defined 

the underlying patterns of the inheritance of 

genetic variation. The inheritance pattern is 

quantified by linkage disequilibrium (LD), which 

represents the likelihood that alleles of nearby 

SNPs will stay together and preserve their linear 

arrangement on a haplotype during meiosis. This 

likelihood is dependent on recombination rates, 

with recombination events more likely to 

separate alleles that lie further apart. In this 

manner, two SNPs in strong LD will be inherited 

together more frequently than two SNPs in weak 

LD. By knowing this correlation structure, 

investigators only have to query a smaller subset 

of SNPs, or “tag” SNPs, to design genotyping 

arrays and conduct association analyses that 

essentially capture the majority of remaining 

common genomic variation. Genetic variants that 

are not directly genotyped can then be imputed 

from the genotyped “tag” SNPs subset. 

Imputation presumes the allele of a SNP at a 

different location inferred by its degree of LD 

with an allele at a directly genotyped variant.[37] 

The first GWAS for T2DM was conducted in a 

French cohort composed of 661cases of T2DM 

(body mass index [BMI]<30 kg/m2, first-degree 

family history of T2DM) and 614 non-diabetic 

controls. In total, 392,935 SNPs sourced from two 

different genotyping platforms were analyzed for 

association with T2DM. Although the two 

associations were not reproducible in follow-up 

studies (LOC387761, EXT2), this study identified 

novel and reproducible association signals at 

SLC30A8 (OR 1.26, p<10-6) and HHEX (OR 1.21, 

p<10-5), and validated the well-known 

association at TCF7L2.[38] The realization that 

SLC30A8 encodes a zinc transporter (ZnT-8; that 

transport zinc from the cytoplasm into insulin 

secretory vesicles) expressed in insulin 

containing granules in β cells[39] and the HHEX 

encodes a transcription factor involved in early 

pancreatic development[40] provided initial 

reassurance the GWA approach was useful for 

identifying functionally relevant loci.  Shortly 

after the initial GWAS, the Icelandic company 

deCODE Genetics and their collaborators 

confirmed the association between T2DM and 

SLC30A8, HHEX, and the newly identified 

CDKAL1.[41] At the same time, 3 collaborating 

groups, the Wellcome Trust Case Control 

Consortium/ United Kingdom Type 2 Diabetes 

Genetics consortium (WTCCC/UKT2DM), the 

Finland-United States Investigation of NIDDM 

(FUSION), and the Diabetes Genetics Initiative 

(DGI), published their findings replicating the 

association of SCL30A8 and HHEX with T2DM and 

independently discovering novel associations at 

CDKAL1, IGF2BP2, and CDKN2A/B.[42-44] With the 

exception of LOC387761 and EXT2, these novel 

loci and 2 previously-known variants, PPARG 

P12A and KCNJ11 E23K, were confirmed by 

multiple replication studies composed of 

European and non-European populations. Thus, 

the first round of European GWAS confirmed 8 

T2DM susceptibility loci across multiple ethnic 

groups: TCF7L2, SLC30A8, HHEX, CDKAL1, 

IGF2BP2, CDKN2A/B, PPARG, and KCNJ11. In 

addition to these 8 loci, the WTCCC/UKT2D study 

identified a strong association between FTO 

variants and T2DM, although the effect of FTO 

variants on conferring susceptibility to T2DM 

was mostly mediated through increase in body 

weight.[45] In a fruitful collaboration, the various 

type 2 diabetes GWAS conducted by the FUSION 

group[44], the Wellcome Trust Case Control 

Consortium[43], and the Diabetes Genetics 

Initiative[42] combined their data to form the 

Diabetes Genetics Replication And Metaanalysis 

(DIAGRAM.)[46] This effort yielded six new loci 

(JAZF1, CDC123-CAMK1D, TSPAN8-LGR5, THADA, 

ADAMTS9, and NOTCH2-ADAM30) associated 

with type 2 diabetes at genome-wide statistical 

significance. The putative functional mechanisms 

of currently identified genes/genetic loci which 

affect type 2 diabetes risk are listed in Table 1. 

Other genetic loci associated with type 2 diabetes 

are ZBED3 (Zinc finger, BED type containing), 

TP53INP1 (Tumor protein p53 nuclear protein 

also known as stress inducible protein), CHCHD9 

(Coiled-coil-helix-coiled coil-helix domain 

containing 9), CENTD2 (Arf-GAP with Rho-GAP 

domain, ANK repeat and PH domain containing 

protein 1), KCNQ1 (Potassium voltage gated 
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Table-1: Genetic Variants Associated with Type 2 Diabetes Mellitus 

Gene Region, Name (Chromosome Number) Function 

TCF7L2, Transcription factor 7-like 2 (10) 
Encodes a high mobility group box- containing transcription 
factor that plays a key role in Wnt signaling pathway. 

PPARG, Peroxisome proliferator-activated receptor 
γ (3) 

Transcription factor involved in adipocyte development. 

KCNJ11, Potassium inwardly-rectifying channel, 
subfamily J, member 11 (11) 

Potassium channel that is part of the sulfonylurea receptor 
complex. 

WFS1, Wolfram syndrome 1 (4) 
Endoplasmic reticulum transmembrane protein expressed in 
the brain, heart and β-cells. 

HNF1B, Hepatocyte nuclear factor-1β (17) Transcription factor involved in pancreatic development. 

SLC30A8, Solute carrier family 30 (zinc 
transporter), member 8 (8) 

Expressed in β-cells – it is a Zinc transporter, this being 
necessary for insulin storage in secretory granules as well as 
being part of the secretory mechanism. 

HHEX, Hematopoietically expressed homeobox (10) 
Encodes a member of the homeobox family of transcription 
factor involved in pancreatic development. 

CDKAL1, CDK5 regulatory subunit associated 
protein 1-like 1 (6) 

The protein product shares homology with CDK5 regulatory 
subunit–associated-protein-1, a neuronal protein that inhibits 
activation of CDK-5. 

IGF2BP2, IGF-2 mRNA binding protein 2 (3) 
Regulates IGF-2 translation by binding to the 5′ UTR of IGF-2 
mRNA; pancreatic development. 

CDKN2A/B, Cyclin-dependent kinase inhibitor 2A 
and 2B (9) 

Function as cell growth regulators that control cell cycle G1 
progression by inhibiting CDK; islet development. 

FTO, Fat mass and obesity associated (16) Affects fat mass thereby indirectly predisposing to type 2DM 
JAZF1, Juxtaposed with another zinc finger gene 1 
(7) 

Encodes a nuclear protein with three zinc fingers; functions as a 
transcriptional repressor. 

CDC123-CAMK1D, Cell division cycle 123 homolog 
(S. cerevisiae) and Calcium /calmodulin-dependent 
protein kinase 1D (10) 

CDC123 is a putative regulator of the cell-cycle while CAMK1D 
is a protein kinase that may be important in response to 
chemokines. 

TSPAN8-LGR5, Tetraspanin 8 and Leucine-rich 
repeat- containing G protein- coupled receptor 5 
(12) 

Tetraspanin 8 is a cell surface glycoprotein that complexes with 
integrins regulating development and growth. Lgr5 is a 
potential marker of intestinal stem cells and hair follicles in 
humans. It is a target of Wnt signaling. 

THADA, Thyroid adenoma associated (2) Thyroid adenoma; associates with PPARG 

ADAMTS9, ADAM metallopeptidase with 
thrombospondin type 1motif, 9 (3) 

A member of the ADAMTS (a disintegrin and metalloproteinase 
with thrombospondin motifs) protein family, expressed in 
muscle and pancreas. 

NOTCH2, Notch homolog 2 (1) 
Transmembrane receptor implicated in pancreatic 
organogenesis 

KCNQ1, Potassium voltage-gated channel, KQT-like 
subfamily, member 1 (11) 

Pore-forming subunit of voltage-gated K-channel (KvLQT1); 
risk allele impairs insulin secretion. 

IRS1, Insulin receptor substrate (2) 
Plays a key role in transmitting signals from the insulin & IGF-1 
to intracellular pathway. 

MTNR1B, Melatonin receptor 1B (11) 
Encodes one of two high affinity forms of a receptor for 
melatonin; risk allele associated with insulin secretion. 

PROX1, Prospero protein homeobox 1 (1) 
Corepressor of hepatocyte nuclear factor 4α which plays an 
important role in β-cell development 

GCKR, Glucokinase regulator (2) Regulatory protein that inhibits glucokinase. 
ADCY5, Adenylate cyclase 5 (3) Formation of adenylate cyclase. 
UBE2E2, Ubiquitin conjugating enzyme E2F2 (3)  
BCL11A, B-cell lymphoma/ leukemia 11A (2) Encodes C2H2 type zinc-finger protein. 

GCK, Glucokinase (7) 
Three tissue-specific forms phosphorylate glucose to produce 
glucose-6-phosphate in the liver and the β-cell. 

DGKB/TMEM195, Diacylglycerol kinase beta and 
Transmembrane protein 195 (7) 

DGKB encodes an isotype of DAG kinase which increases DAG 
and therefore increases insulin secretion. TMEM195 is a 
membrane phosphoprotein. 

C2CD4A/BC2, calcium-dependent domain 
containing 4B (15) 

Encodes nuclear localized factor 2 which is expressed in 
endothelial cells and the endocrine and exocrine pancreas.  

KLF14, Kroppel like factor 14, also known as Basic 
transcription element binding protein (BTED5) (7) 

Regulates the transcription of various genes, including TGF 
βR11. 

 

channel subfamily KQT member 1), HMGA2 (High 

mobility group AT hook 2), HNF1A (Hepatocyte 

nuclear factor 1 home box A), PRC1 (Protein 

regulator of cytokinesis 1), ZFAND6 (Zinc finger, 
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AN-1 type domain), DUSP9 (Dual specificity 

phosphatase 9).[34,47,48,49]   

  

Over the past 2 decades, many Asian countries 

have experienced a dramatic increase in the 

incidence of T2DM. Cumulative evidence 

suggests that Asians may be more susceptible 

than populations of European ancestry to insulin 

resistance and diabetes, which was thought to be 

due to interethnic genetic inheritance.[50] Several 

of the T2DM loci identified by European GWAS, 

have been confirmed in Asian populations. 

However, there are significant interethnic 

differences in the risk allele frequency at several 

loci. For example, risk allele frequencies of 

TCF7L2 SNPs showing the strongest effect on 

T2DM in European populations are very few in 

the Japanese (~5%) compared to populations of 

European descent (~40%). As a result, TCF7L2 

variants have a little effect on susceptibility to 

T2DM in the Japanese.[47] In addition, the 

associations between T2DM and some loci are 

not consistent in other Asian populations. 

Therefore, to explain T2DM heritability in 

populations of Asian descent, it may be necessary 

to identify ethnic group-specific T2DM 

susceptibility loci, those were not captured in the 

European study.   

 

Various epidemiological studies reported very 

high prevalence rates of diabetes among 

Indians,[51-53] probably due to genetic 

predisposition. Indians are diagnosed with 

diabetes a decade earlier and at a lower BMI than 

Europeans, which may be partly explained by 

their excess truncal obesity[54,55]  and might be 

the reason for their tendency to insulin 

resistance, referred to as “Asian Indian 

phenotype”.[56,57] A report from the Indian 

Genome Variation Consortium also suggested 

that most of the populations in the Indian 

subcontinent are distinct from HapMap 

populations.[58] Hence, genes known to be  

associated with T2DM in other populations need 

to be assessed for their role in the Indian 

population.  

 

Among all the loci for polygenic T2DM, TCF7L2 so 

far has shown the strongest association with the 

largest effect size in Indians.[59-61] This gene 

encodes a high mobility group box- containing 

transcription factor that plays a key role in Wnt 

signaling pathway and  the gene product has 

been implicated in blood glucose homeostasis[62], 

and the variant rs7903146 is reported to be 

associated with measures of glucose metabolism. 

Studies evaluating the association of the 

Pro12Ala variant of the PPARγ gene with type 2 

diabetes in Indians have reported contradictory 

results. This variant has been shown to confer 

protection against type 2 diabetes by many 

studies[60,61], similar to their western 

counterparts. Whereas, in some other studies it 

has been found to predict susceptibility for type 2 

diabetes[63,64] despite the fact that frequency of 

the Ala allele at the PPARγ-Pro12Ala locus is the 

same as in Caucasians. 

 

Variant E23K (rs5219) in KCNJ11 , variants of the 

CDKAL1, variant rs10811661, rs4402960 in 

IGF2BP2 which lies near the CDKN2A gene, as 

well as polymorphisms in SLC30A8 and HHEX 

(identified by GWA studies) have been 

significantly associated with type 2 diabetes in 

Indians with an increased effect size compared 

with Europeans.[61,65] In Indians, the D1057D 

genotype of insulin receptor substrate 2 (IRS-2) 

gene is susceptible to diabetes by interacting 

with obesity[66], so as the genetic polymorphisms 

(Thr394Thr, Gly482Ser and +A2962G) of 

peroxisome proliferator activated receptor-co-

activator-1 alpha (PGC-1) gene.[67] A strong 

association of apolipoprotein E (APOE) (Hha1), 

angiotensin-1 converting enzyme (ACE) I/D, 

APOA1-CIII-AIV gene cluster with lipid levels in 

T2DM has been reported in  North western 

Indian Punjabi populations.[68,69] A meta-analysis 

of one of the polymorphisms in IRS-1 gene 

(Gly972 Arg) in four populations comprising a 

small south Indian population showed a 

significant association of this polymorphism with 

type 2 diabetes.[70] Studies in North Indians show 

genetic association of interleukin-1 beta (-

511C/T) and interleukin-1 receptor antagonist 

(86bp repeat) polymorphism with T2DM.[71] A 

study on 10 candidate genes: the glucagon 

receptor, insulin receptor substrate 1, insulin 

receptor, human beta 3 adrenergic receptor, fatty 
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acid binding protein 2, mitochondrial tRNA [Leu 

(UUR)], sulphonylurea receptor, human 

uncoupling protein and the glycogen-associated 

regulatory subunit of protein phosphatase-1 

genes suggested that none of them were 

associated with type 2 diabetes in south 

Indians.[72] 

 

Among monogenic forms of T2DM, the most 

common is the maturity onset diabetes of the 

young (MODY), a genetically heterogeneous 

disease caused by mutations in the genes 

encoding hepatocyte nuclear factor-4a (MODY 1), 

glucokinase (MODY 2), hepatocyte nuclear factor-

1a (MODY 3), insulin promoter factor-1 (MODY 

4), hepatocyte nuclear factor-1b (MODY 5) and 

neuro D (MODY 6). A study showed high 

prevalence of MODY(4.8%)  in south Indian 

population.[64] Another study reported that 

MODY 3 mutations in south Indians may be 

different from that observed in Western 

populations. [73] 

 

Considering the fact that incidence and 

prevalence of T2DM continue to rise in Indian 

populations an extensive consortium based 

approach is required to identify the susceptibility 

locus and genes responsible for common form of 

familial diabetes in India. By defining the genetic 

susceptibility loci, such studies will eventually 

facilitate a direct, systematic exploration of the 

interactions of environmental factors, obesity, 

insulin resistance, and genetic predisposition in 

the pathogenesis of T2DM and prediabetic traits 

and also will open new pathways of exploration 

and therapy. Substantive facilitation of 

international collaboration in research and 

support of cross-disciplinary research will 

facilitate this process. 

  

CONCLUSION 
 

In a short span of five years, GWAS investigating 

the links between genetics and complex traits 

have transformed our knowledge. The 

identification of susceptibility loci for both 

monogenic and typical diabetes has introduced 

novel genes, pathways and mechanisms of 

diabetes pathogenesis and may open new vistas 

for elucidating the underlying pathophysiology of 

this complex disease. Understanding the complex 

interactions among genetic profiles, individual 

lifestyles, and environmental factors lies at the 

core of effective diabetes treatment. Although our 

knowledge of genetic basis of type 2 diabetes is 

increasing exponentially, the known variants 

represent approximately only 10 %  of the 

heritability, suggesting the existence of a large 

portion of “missing heritability”. Major work is 

still required to identify the causal variants, test 

their role in disease prediction and ascertain 

their therapeutic implications. More importantly, 

considering the incidence and prevalence of 

T2DM in India, time has come for Indian research 

policy makers to switch gear and give new 

direction towards diabetic research. 
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