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Abstract

Objective. Recent GWAS largely conducted in European populations have successfully identified multiple genetic risk
variants associated with Type 2 Diabetes Mellitus (T2DM). However, the effects conferred by these variants in the
Pakistani population have not yet been fully elucidated. The objective of this study was to examine European GWAS-
identified T2DM risk variants in the Pakistani Pashtun population to better understand the shared genetic basis of T2DM
in the European and Pakistani cohorts.

Methodology. A total of 100 T2DM patients and 100 healthy volunteers of Pashtun ethnicity were enrolled in this study.
Both groups were genotyped for 8 selected single nucleotide polymorphisms (SNPs) using the Sequenom MassARRAY®
platform. The association between selected SNPs and T2DM was determined by using appropriate statistical tests.

Results. Of the 8 studied SNPs, 5 SNPs, SLC30A8/ rs13266634 (p=0.031, OR=2.13), IGF2BP2/ rs4402960 (p=0.001,
OR=3.01), KCNJ11/ rs5219 (p=0.042, OR=1.78), PPARG/ rs1801282 (p=0.042, OR=2.81) and TCF7L2/ rs7903146
(p=0.00006, 3.41) had a significant association with T2DM. SNP GL/S3/ rs7041847 (p=0.051, OR=2.01) showed no
sufficient evidence of association. SNPs KCNQ1/ rs2237892 (p=0.140, OR=1.61) and HHEX/IDE/ s1111875 (p=0.112,
OR=1.31) showed opposite allelic effects and were not validated for T2DM risk in the study population. Among the studied
SNPs, TCF7L2/ rs7903146 showed the most significant association.

Conclusion. Our study finding indicates that selected genome-wide significant T2DM risk variants previously identified

in European descent also increase the risk of developing T2DM in the Pakistani Pashtun population.
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INTRODUCTION

Diabetes mellitus (DM) is a complex metabolic disorder
with hyperglycemia as a hallmark. DM is one of the serious
and common diseases of our time, causing disabling
and life-threatening complications.!? According to the
American Diabetes Association (ADA), DM is classified
into two broad forms: Type 1 Diabetes Mellitus (T1DM)
and Type 2 Diabetes Mellitus (T2DM). T2DM is the
most frequent subtype of DM accounting for 90% of all
diabetes cases.” It results from the combination of defective
insulin secretion and peripheral insulin resistance.*
However, these defects or alterations are not enough to
explain the complex pathophysiology of this multifaceted
metabolic disorder. Other factors like obesity,® physical
inactivity,® environmental,” and genetic factors® are
believed to have a key role in the development of T2DM.
Identification of T2DM-causing genetic and non-genetic
risk factors greatly helps in the assessment and prevention
of this fatal and costly disease.
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In recent decades, the global burden of diabetes has
significantly increased.’ Increased prevalence of diabetes
caused unprecedented health'® and economic challenges"
worldwide. According to the latest epidemiological data
from 10™ edition of the International Diabetes Federation
(IDF) Diabetes Atlas, approximately 537 million people
(ages 20-79 years) are living with diabetes. This number
is projected to soar to 643 million by 2030 and 784 million
by 2045." Around 81% of people with diabetes are living
in low and middle-income countries.”® The prevalence
of diabetes is not similar among different ethnicities.
South Asians (people living in China, India, Pakistan,
Bhutan, Nepal, Sri Lanka, and the Maldives) are at high
risk of developing diabetes compared to other ancestral
groups.'’ In terms of diabetes prevalence, Pakistan ranks
3 behind China and India.'? The factors for an increased
prevalence of diabetes in Pakistan include rapid transition
in lifestyle and a high degree of urbanization.'*”
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The risk of developing T2DM is strongly heritable.’ The
chances of diabetes escalate by 40% if one parent has diabetes
and by 70% if both parents have diabetes."” Genetic studies
hold great promise in predicting an individual’s disease
risk, exploring disease molecular pathways, and selecting
treatment therapy as per individual-specific biology.? To
date, genetic studies have provided plentiful information
on the pathogenesis of T2DM.? GWAS identified over
400 genetic signatures associated with T2DM.? However,
most of these large-scale genetic studies disproportionately
focused on individuals of European ancestry.” Currently
few genetic studies reporting T2DM-associated risk variants
are available in South Asians.** T2DM is a major public
health care issue in Pakistan.” Since genetic susceptibility
plays a key role in T2DM etiology, it is important to carry
out genetic studies to assess the genetic risk of T2DM in the
Pakistani population. Pakistan is a developing country with
limited resources for comprehensive genomic research.?
Despite limited resources, GWAS replication studies on
previously reported risk loci will help to enhance our
under-standing of the genetics of T2DM in the Pakistani
population. In this replication study, we attempted to inves-
tigate the 8 T2DM-associated SNPs previously identified
by European GWAS in the Pashtun ethnic population of
Pakistan to better understand the shared genetic basis of
T2DM between Pakistanis and Europeans. The Pakistani
Pashtun population was selected for this study because no
comprehensive genomic research in this study group has
been done. Secondly, this ethnic group has unique social
values, traditions, lifestyles, and strict religious beliefs.

METHODOLOGY
Subject recruitment

A total of 200 unrelated individuals (persons with diabetes
= 100 and without diabetes = 100) of Pashtun ethnicity
belonging from different districts (Peshawar, Charsadda,
Swat, Bannu, Kohat, Mardan, and Dir) of Khyber
Pakhtunkhwa, Pakistan were included in the study. Persons
with diabetes were recruited from endocrinology units of
Hayatabad Medical Complex (HMC) Peshawar, Mardan
Medical Complex (MMC) Mardan, and Khyber Teaching
Hospital (KTH) Peshawar. Healthy volunteers that served
as controls were recruited from free medical camps
organized by Rehman Medical Institute (RMI) Peshawar
and Khyber Medical College (KMC) Peshawar. Consent
forms were taken from all the participants. Thorough
demographic data, family history of diabetes, and clinical
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profile of all the participants were noted on a carefully
designed proforma. In the case of patients and volunteers
who were illiterate and/or did not understand the English
language, the consent forms were read and properly
explained in the local Pashtu language and then signed on
their behalf by their relatives. Inclusion and exclusion of
study participants were according to the previously defined
criteria used for Asian populations.”

Inclusion criteria were (i) T2DM diagnosed as per
Interna-tional Diabetes Federation-imposed etiologic
classification, (ii) age above 30 years, and (iii) study
subjects must be Pakistani & Pashtun ethnicity. Patients
with chronic disorders like cancer and recent infections
were excluded. Similarly, previously defined criteria were
followed for control participants.?® Controls were healthy
volunteers from the general population with fasting blood
sugars in the normal ranges. The ethical approval was
obtained from the Ethical Committee of the Department
of Pharmacy, University of Peshawar (Approval No. 907/
PHAR). All procedures and experiments were carried out
in conformity with the Helsinki declaration.

Blood sampling

Three milliliters (ml) of venous blood from the mean cubital
vein was collected from each study participant with the
help of a trained nurse. The blood was placed in a properly
labeled ethylenediaminetetraacetic acid (EDTA) tube and
was stored at -10°C.

DNA extraction

DNA was isolated from 200 ul whole blood samples using
an imported WizPrep DNA extraction kit (Product code
No. W54100) which gives trusted and reliable results.
Quantification of DNA was conducted with the help of the
Qubit™ dsDNA HS Assay kit (Catalog No. Q32851) using
Introgen Qubit™, and the final DNA concentration was
normalized to 10 ng/uL for genotyping.

SNPs selection

Eight T2DM-associated SNPs previously identified in diffe-
rent GWAS were selected to be investigated in the present
study population. GWAS Catalog®*® which contains a high-
quality curated collection of previously published large-
scale genomic studies was used in the selection of SNPs.
Table 1 shows detailed information on the selected SNPs

Table 1. Summary of selected T2DM risk variants curated from GWAS catalog

Variant Allelic change  Variant description = Chromosomal position Cytogenetic location Mapped gene Trait
rs13266634 CIT Exonic 8:117172544 8q24.11 SLC30A8 T2DM
rs4402960 GIT Intronic 3:185793899 3q27.2 IGF2BP2 T2DM
rs5219 CIT Exonic 11:17388025 11p15.1 KCNJ11 T2DM
rs1801282 C/IG Exonic 3:12351626 3p25.2 PPARG T2DM
rs7903146 CIT Intronic 10:112998590 10925.2 TCF7L2 T2DM
rs2237892 CIT Intronic 11:2818521 11p15.4 KCNQ1 T2DM
rs1111875 T/IC Intergenic 10:94452862 10923.33 HHEX/IDE T2DM
rs7041847 AIG Intronic 9:4287466 9p24.2 GLIS3 T2DM
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Table 2. Socio-demographic features of cases and controls
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Table 3. Prevalence rates of co-morbidities among study

Variables Case n(f) Control n(f)  p-value subjects
Gender 0.061 i Frequency
Male 65 (65.0%) 77 (77.0%) Disease Cases Controls _ PValue
Female 35 (35.0%) 23 (23.0%) Hypertension 34.00% 10.00% 0.003
Mean age (years) 58+12.40 56+13.43 0.951 Ischemic heart disease 14.00% 0.00% <0.001
Mean weight (kg) 62.6416.07 59.55+8.32 0.104 Renal failure 5.00% 0.00% <0.001
Occupation Retinopathy 61.00% 0.00% <0.001
Labourer 20 (20.0%) 14 (14.0%) Hypercholesterolemia 6.00% 3.01% 0.005
Government employee 13 (13.0%) 21(21.0%) 012 Hepatitis C virus 1.00% 0.00% <0.001
Businessman 16 (16.0%) 18 (18.0%) Hepatitis B virus 0.00% 0.00% <0.001

Farmer 7 (7.00%) 16 (16.0%)
Housewife 34 (34.0%) 23 (23.0%)
Driver 10 (10.0%) 8 (8.00%)

Geographical area (District) 0.145

Peshawar 53 (563.0%) 19 (19.0%)
Charsadda 13 (13.0%) 53 (53.0%)
Swat 8 (8.00%) 7 (7.00%)
Dir 5 (4.00%) 5 (5.00%)
Mardan 12 (12.0%) 10 (10.0%)
Kohat 6 (6.00%) 3 (3.00%)
Bannu 3 (3.00%) 3 (3.00%)

Family history of T2DM 0.012
Yes 94 (94.0%) 0 (0.0%)
No 6 (6.00%) 100 (100%)

Exercise 0.016
Non-exercising 85 (85.0%) 89 (89.0%)
Walking 14 (14.0%) 4 (4.00%)
Jogging 1(1.00%) 5 (5.00%)
Gym/Sports 0 (0.0%) 2 (2.00%)

Smoking status 0.178

Cigarette smoker
Snuff (smokeless tobacco)
Non-smoker

19 (19.0%)
21 (21.0%)

10 (10.0%)
26 (26.0%)

60 (60.0%) 64 (64.0%)

Diet control/compliance 0.031
Yes 50 (50.0%) 90 (90.0%)
No 50 (50.0%) 10 (10.0%)

kg: kilogram; T2DM: Type 2 Diabetes Mellitus; n(f): number (frequency)

retrieved from the GWAS Catalog. Selection of SNPs was
based on their subsequent association with T2DM in many
populations across the globe. For genotype distribution of
selected SNPs in the study population, the co-dominant
(additive) genetic model of inheritance was applied.

Genotyping

Sequenom MassARRAY® platform (Agena Bioscience, San
Diego, CA) available at the Centre of Genomics Rehman
Medical Institute, Peshawar was used for genotyping
carefully following the previously described protocols.®
SNP-Genotyping by Agena MassARRAY® platform is not
only cost-effective but also generates fast, sensitive, and

highly accurate results. SNPs with genotyping call rates
above 90% were considered for forward analysis.

Statistical analysis

IBM SPSS (Statistical Package for Social Sciences version
26) was used for statistical analysis. The difference in the
distribution of allelic and genotypic frequencies between
cases and controls was analyzed using Chi-square (x2)
test. Each SNP was tested for Hardy-Weinberg Equilibrium
(HWE) using x2 test. Odds radio (unadjusted) and 95%
confidence interval were determined using logistic
regression. The association analysis was performed using
the Armitage trend test.*> A p-value of <0.05 was considered
statistically significant.

RESULTS

Subject description

The prevalence ratios of the study participants’
demographics, general characteristics, and co-morbidities
are described in Tables 2 and 3. A greater ratio of co-
morbid conditions like hypertension, renal failure, ischemic
heart disease, hypercholesterolemia, nephropathy and
retinopathy were observed in diabetic cases compared
to controls. The majority of patients were obese and
physically inactive. Most lived in the urban areas of Khyber

Pakhtunkhwa. Diet compliance was recorded poor in the
study subjects.

Allele/genotype frequencies of the selected SNPs
All the selected 8 SNPs were successfully genotyped (call

rate >90) and were found consistent with HWE (p>0.05)
(Table 4). Allelic and genotypic frequency distribution

Table 4. Genotype call rate and HWE p-value information of the selected T2DM risk variants

) ) HWE p-value
Variant Allelic change Mapped gene Cases Controls Call rate
rs13266634 C/T SLC30A8 1.00 0.24 98.2
rs4402960 G/T GF2BP2 0.50 0.2 98.5
rs5219 CIT KCNJ11 0.78 1.00 98.6
rs1801282 CIG PPARG 1.00 0.81 99.1
rs7903146 CIT TCF7L2 1.00 1.00 98.6
rs2237892 CIT KCNQ1 0.71 0.47 99.3
rs1111875 TIC HHEX/IDE 1.00 0.82 98.5
rs7041847 AIG GLIS3 1.00 0.66 98.5
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Table 5. Allele/genotype distribution and association results of eight selected SNPs in the Pakistani case-control sample

Gene/SNP Allele/Genotype T2DM patients

Healthy controls

Odds Ratio (95% ClI)

p-value

Armitage trend test

OR (p-value)
c 147(73.5%) 159(79.5%) 1.73(1.04-2.86) 0.052
T 53 (26.55) 41 (20.5%)
SLC30A8/rs13266634 ce 50 (50%) 66 (66%) Reference - 2.13 (0.031)
cT 38 (38%) 23 (23%) 2.04 (1.11- 4.21) 0.011
T 12 (12%) 11 (11%) 1.30 (0.09- 67.41) 0.771
G 95 (47.5%) 137 (68.5%) 1.92 (1.93-5.01) 0.010
T 105 (52.5%) 63 (31.5%)
IGF2BP2/ rs4402960 GG 17 (17%) 39 (39%) Reference _ 3.01(0.001)
GT 56 (56%) 41 (41%) 3.21 (2.64-12.89) 0.008
TT 27 (27%) 20 (20%) 2.23 (3.71-11.41) 0.042
C 140 (70%) 161 (80.5%) 1.08 (0.48-0.27) 0.054
T 60 (60%) 39 (19.5%)
KCNJ11/rs5219 ce 52 (52%) 63 (63%) Reference . 1.78 (0.042)
cT 34 (34%) 32 (32%) 1.43 (0.72-2.01) 0.320
T 41 (41%) 05(05%) 4.48 (1.26-16.7) 0.012
c 132 (66%) 158 (79%) 1.12 (1.02-1.71) 0.013
G 68 (34%) 42 (21%)
PPARG/rs1801282 ce 47 (47%) 58 (58%) Reference . 2.81( 0.002)
CG 53 (53%) 42 (42%) 1.61 (0.36-2.91) 0.022
GG 0.0 (0.0%) 0.0 (0.0%) 1.01(0.02-54.91) 0.991
c 88 (44%) 139 (69.5) 2.88 (1.92-4.45) 0.001
T 112 (56%) 61(30.5)
TCF7L2/rs7903146 cc 11 (11%) 50 (50%) Reference _ 3.41 (0.00006)
cT 66 (66%) 39 (39%) 8.01 (2.64-16.51) 0.00001
T 23 (23%) 11 (11%) 9.12 (3.71-26.61) 0.00002
c 147 (73.5%) 158 (79%) 1.32 (0.95-2.21) 0.192
KCNQ1/rs2237892 T 53 (26.5%) 42 (21%)
cc 48 (48%) 58 (58%) Reference — 1.61(0.140)
cT 52 (52%) 42 (42%) 1.52 (0.77-2.71) 0.141
T 0 (0.0%) 0 (0.0%) 1.24 (0.04-62.11) 0.980
T 139 (69.5%) 129 (64.5%) 1.41 (0.85-2.01) 0.294
c 61 (30.5%) 71 (35.5%)
HHEX/IDE/ s1111875 T 26 (26%) 29 (29%) Reference _ 1.31(0.112)
TC 41 (41%) 50 (50%) 0.72 (0.34-1.09) 0.313
cc 33 (33%) 21 (21%) 1.44 (1.05-3.11) 0.181
GLIS3/rs7041847 A 195 (97.5%) 188 (94%) 5.12 (1.12-23.1) 0.032
G 05 (2.5%) 12 (6%)
AA 96 (96%) 88 (88%) Reference — 2.01(0.051)
AG 04 (4%) 12 (12%) 0.19 (0.05-0.96) 0.014
GG 0(0.01% 0 (0.0%) 0.82 (0.02-47.21) 0.981
between diabetic cases and healthy controls, odds ratios DISCUSSION

(OD), 95% confidence intervals (95%Cl), crude p-values,
and Armitage trend test p-values of the selected SNPs
are summarized in Table 5. Among the tested SNPs, five
SNPs namely SLC30A8/ rs13266634, IGF2BP2/ rs4402960,
KCNJ11/ rs5219, PPARG/ rs1801282 and TCF7L2/ rs7903146
met the significant threshold (trend’s test p-value <0.05)
and showed strong association with T2DM in the study
population. SNP GLIS3/ rs7041847 showed no sufficient
evidence of association with a p-value of 0.051. The
remaining two SNPs (KCNQ1/ rs2237892 and HHEX/
IDE/ s1111875) showed opposite allelic effects and were
not validated for T2DM risk in the study population. The
top three significant variants in our study were TCF7L2/
rs7903146 (p=0.00006, OR=3.01) followed by IGF2BP2/
rs4402960 (p=0.001, OR=3.01) and PPARG/ rs1801282
(p=0.002, OR=2.81). TCF7L2/ rs7903146 apart from our
study was reported as a significant risk factor for T2DM
by two previous replication studies in the Pakistani sub-
population.®3¢

www.asean-endocrinejournal.org

T2DM is a 21%-century epidemic.” It results from a
complex interaction of genetic and environmental factors.*
The genetic component of T2DM is well explored in
European compared to other ancestral populations.”
Despite significant progress in the genetics of T2DM
around the world, limited genetic studies have been
conducted in the Pakistani population where the incidence
of T2DM is rapidly increasing.** To fill the gap of
deficient genetic studies in Pakistan, this replication study
examined European-originated genome-wide significant
T2DM risk variants in the Pakistani Pashtun population
to shed some light on the shared genetic basis of T2DM
in European and Pakistani cohorts.

In this study, we tested the association of 8 previously
GWAS implicated T2DM risk variants in the Pakistani
Pashtun population and confirmed the association of 6
genetic risk variants with T2DM in the study population.
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SNPs SLC30A8/ rs13266634, GF2BP2/ rs4402960, KCNJ11/
rs5219, PPARG/ rs1801282 and TCF7L2/ rs7903146 showed
significant association (p<0.05) whereas the SNP, GLIS3/
rs7041847 showed no sufficient evidence of association
(p=0.051). The aforementioned SNPs (SLC30A8/ rs13266634,
IGF2BP2/ rs4402960, KCNJj11/ rs5219, PPARG/ rs1801282
and TCF7L2/ rs7903146) showed the same directional
effects as reported in the earlier GWAS studies.*** Two
SNPs, KCNQ1/ rs2237892 and HHEX/IDE/ s1111875,
showed opposite allelic effects and were not validated
(p>0.05) for T2DM in the present study despite their well-
documented role in the pathogenesis of T2DM in previous
studies.®* Conflicting results in our study population
reflect the possible genetic heterogeneity that exists among
different populations.

The TCF7L2/ rs7903146, a well-documented risk variant for
T2DM**, showed a significant association with T2DM in
the present Pashtun population. The same was reported by
two earlier studies in the Punjabi population of Pakistan.**
According to Lyssenko et al.,” the variant TCF7L2/
rs7903146 increases the risk for T2DM by enhancing
hepatic glucose production and impaired secretion of
insulin. TCF7L2 is a transcription factor and an important
component of the Wnt signaling pathway which has a
key role in blood glucose regulation involving a complex
mechanism. Genetic variations in TCF7L2 disrupt the Wnt
signaling pathway and impair glucose homeostasis leading
to T2DM.5*%® Of the studied variants, IGF2BP2/ rs4402960
also showed notable genetic association with T2DM in
our investigated population. Significant association of
IGF2BP2/ rs4402960 with T2DM has been reported in
other populations.>* According to the research finding
of Chistiakov and colleagues, the genetic variants in
IGF2BP2 contribute to insulin resistance in persons with
diabetes.®® Among the studied SNPs, PPARG/ rs1801282
was the top third hit SNP validated for T2DM association
in the present study population. Consistent with our study
finding, the significant association of this variant has
been documented in other populations.””* Cumulative
evidence suggests that variants in PPARG have an
important role in glucose and lipid metabolism.** Among
them, variant rs1801282 (also known as Pro12Ala) has been
extensively reviewed in different studies and repeatedly
documented for T2DM susceptibility.*"5

Likewise, the SLC30A8/ rs13266634 and KCNJ11/ rs5219
showed a strong association with T2DM in the present
Pakistani Pashtun population. Both SNPs were previously
reported in East Asian, South Asian, Caucasian, and
European populations.****® The SLC30A8 located on
chromosome 8q24.11 encodes Zinc transporter 8 (ZnT-8)
which is highly expressed in beta cells of the pancreas. ZnT-8
carries zinc from the cytoplasm to insulin secretory vesicles.
Non-synonymous variant SLC30A8/ rs13266634 disrupts
insulin secretion from the vesicles and increases T2DM
susceptibility.® The KCNJ11 gene encodes Kir6.2 protein
in the ATP-sensitive potassium (KATP) channel. The KATP
channels are expressed throughout the body including
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beta cells of the pancreas where they help in the release of
insulin in response to increased blood glucose levels. The
KCNJ11/ rs5219 polymorphism alters the normal function
of KATP channels and increases the risk of developing
T2DM.?7% Last but not least, variant GLIS3/ rs7041847
showed no sufficient evidence of association in our study
population. GLIS3/ rs7041847 was previously marked as a
risk factor for T2DM in the Chinese population.® Similar
to our finding, one recent study® also replicated variant
GLIS3/ rs7041847 in the Pakistani population.

CONCLUSION

In conclusion, we investigated 8 selected T2DM-associated
SNPs previously identified by European GWAS in the
Pakistani Pashtun population. Of the selected variants, 6
genetic variants were replicated in the study population.
Among the 6 replicated variants, 5 variants showed
statistically significant association (p<0.05), 1 variant
showed no sufficient evidence of association (p=0.051),
while the remaining 2 variants showed no association
with T2DM.

The strength of the present study is that it was conducted in
an understudied and genetically unique Pakistani Pashtun
population. The weakness of this study is the relatively
small sample size. Future large-scale genomic studies are
strongly suggested in Pakistani sub-populations to unmask
the genetic architecture of T2DM and develop better
management strategies for the control of this fatal and
costly disease.

Acknowledgments

The authors would like to thank all the control subjects (volunteers)
and patients with diabetes for agreeing to participate in this study.
They also thank the following: Dr. Muhammad Hussain Afridi,
consultant endocrinologist of Hayatabad Teaching Hospital
Peshawar, Dr. Shaukat Hayat, endocrinologist of AIMS Diabetes
Hospital and Research Centre, Dr. Johar Ali, head of the Centre
of Genomic Rehman Medical Institute Hayatabad for their kind
collaboration in patient demographic and blood samples collection
and Syed Adnan Ali Haider for his kind efforts in the analysis
of data at the Centre of Genomics Rehman Medical Institute.

Statement of Authorship
All authors certified fulfillment of ICMJE authorship criteria.

Author Contributions

AJ conceived the study, designed the methodology, analyzed
the data and interpreted the results. Z wrote helped in designing
the methodology, programmed and developed the software and
supervised the research activity planning and execution. FK
conducted the investigation process, provided the resources and
administered the research. RA curated the data, wrote the initial
draft, finalized results, did wet lab work and prepared the data
presentation.

Author Disclosure
The authors declared no conflict of interest.

Funding
None.

www.asean-endocrinejournal.org



60

Asif Jan, et al

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Colagiuri S. Definition and Classification of Diabetes and Prediabetes
and Emerging Data on Phenotypes. Endocrinol Metab Clin North
Am. 2021;50(3):319-36. PMID: 34399948. https://doi.org/10.1016/j.
ecl.2021.06.004.

Sun H, Saeedi P, Karuranga S, et al. IDF Diabetes Atlas: Global,
regional and country-level diabetes prevalence estimates for 2021
and projections for 2045. Diabetes Res Clin Pract. 2021:109119. PMID:
34879977. https://doi.org/10.1016/j.diabres.2021.109119.

Association AD. 3. Prevention or delay of type 2 diabetes: Standards of
Medical Care in Diabetes—2021. Diabetes Care. 2021;44(Supplement
1): S34-59. PMID: 33298414. https://doi.org/10.2337/dc21-5003.
Himanshu D, Ali W, Wamique M. Type 2 diabetes mellitus:
Pathogenesis and genetic diagnosis. ] Diabetes Metab Disord. 2020:1-8.
PMID: 33520871. PMCID: PMC7843813. https://doi.org/10.1007/s40200-
020-00641-x.

Lingvay I, Sumithran P, Cohen RV, le Roux CW. Obesity management
as a primary treatment goal for type 2 diabetes: time to reframe the
conversation. Lancet. 2021. PMID: 34600604. https://doi.org/10.1016/
50140-6736(21)01919-X.

Li X, Zhou T, Ma H, Liang Z, Fonseca VA, Qi L. Replacement of
sedentary behavior by various daily-life physical activities and
structured exercises: Genetic risk and incident type 2 diabetes. Diabetes
Care. 2021;44(10):2403-10. PMID: 34183430. PMCID: PM(C8929188.
https://doi.org/10.2337/dc21-0455.

Beulens JW, Pinho MG, Abreu TC, et al. Environmental risk factors
of type 2 diabetes—An exposome approach. Diabetologia. 2021:1-12.
PMID: 34792619. https://doi.org/10.1007/s00125-021-05618-w.
Mambiya M, Shang M, Wang Y, et al. The play of genes and
non-genetic factors on type 2 diabetes. Front. Public Health.
2019;7:349. PMID: 31803711. PMCID: PMC6877736. https://doi.org/
10.3389%2Ffpubh.2019.00349.

Lin X, Xu Y, Pan X, et al. Global, regional, and national burden and
trend of diabetes in 195 countries and territories: An analysis from
1990 to 2025. Sci Rep. 2020;10(1):1-11. PMID: 32901098. PMCID:
PMC7478957. https://doi.org/10.1038/s41598-020-71908-9.

Cuschieri S. Type 2 diabetes—An unresolved disease across
centuries contributing to a public health emergency. Diabetes Metab
Syndr. 2019;13(1):450-3. PMID: 30641742. https://doi.org/10.1016/;.
dsx.2018.11.010.

Bommer C, Sagalova V, Heesemann E, et al. Global economic burden
of diabetes in adults: Projections from 2015 to 2030. Diabetes Care.
2018;41(5):963-70. PMID: 29475843. https://doi.org/10.2337/dc17-1962.
International Diabetes Federation. IDF Diabetes Atlas, 10th edn.
Brussels, Belgium: 2021. Available at https://www.diabetesatlas.org.
Flood D, Seiglie JA, Dunn M, et al. The state of diabetes treatment
coverage in 55 low-income and middle-income countries: A cross-
sectional study of nationally representative, individual-level data in
680 102 adults. Lancet Healthy Longev. 2021;2(6):e340-e51. PMID:
35211689. PMCID: PMC8865379. https://doi.org/10.1016/52666-
7568(21)00089-1.

Banerjee AT, Shah B. One Size Does Not Fit All: Diabetes Prevalence
Among Immigrants of the South Asian Diaspora. ] Immigr Minor
Health. 2020:1-6. PMID: 32990901. https://doi.org/10.1007/s10903-020-
01093-4.

Narayan KV, Kondal D, Daya N, et al. Incidence and pathophysiology
of diabetes in South Asian adults living in India and Pakistan
compared with US blacks and whites. BMJ Open Diabetes Res Care.
2021;9(1):e001927. PMID: 33771764. PMCID: PMC8006839. https://doi.
org/10.1136/bmjdrc-2020-001927.

Akhtar S, Nasir JA, Abbas T, Sarwar A. Diabetes in Pakistan: A
systematic review and meta-analysis. Pak ] Med Sci. 2019;35(4):1173.
PMID: 31372163. PMCID: PMC6659044. https://doi.org/10.12669/
pjms.35.4.194.

Basit A, Fawwad A, Qureshi H, Shera A. Prevalence of diabetes, pre-
diabetes and associated risk factors: Second National Diabetes Survey
of Pakistan (NDSP), 2016-2017. BM] Open. 2018;8(8):e020961. PMID:
30082350. PMCID: PMC6078264. https://doi.org/10.1136/bmjopen-
2017-020961corrl.

Almgren P, Lehtovirta M, Isomaa B, et al. Heritability and familiality
of type 2 diabetes and related quantitative traits in the Botnia Study.
Diabetologia. 2011;54(11):2811-9. PMID: 21826484. https://doi.org/
10.1007/s00125-011-2267-5.

Meigs JB, Cupples LA, Wilson P. Parental transmission of type 2
diabetes: The Framingham Offspring Study. Diabetes. 2000;49(12):
2201-7. PMID: 11118026. https://doi.org/10.2337/diabetes.49.12.2201.
Jackson M, Marks L, May GH, Wilson JB. The genetic basis of
disease. Essays Biochem. 2018;62(5):643-723. PMID:30509934. PMCID:
PMC6279436. https://doi.org/10.1042%2FEBC20170053.

Fuchsberger C, Flannick J, Teslovich TM, et al. The genetic architecture
of type 2 diabetes. Nature. 2016;536(7614):41-7. PMID: 27398621.
PMCID: PMC5034897. https://doi.org/10.1038/nature18642.

Krentz NA, Gloyn AL. Insights into pancreatic islet cell dysfunction
from type 2 diabetes mellitus genetics. Nat Rev Endocrinol. 2020; 16(4):
202-12. PMID: 32099086. https://doi.org/10.1038/s41574-020-0325-0.

www.asean-endocrinejournal.org

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

European GWAS-identified T2DM risk variants in the Pakistani Pashtun population

Martin AR, Kanai M, Kamatani Y, Okada Y, Neale BM, Daly M]J.
Clinical use of current polygenic risk scores may exacerbate health
disparities. Nat Genet. 2019;51(4):584-91. PMID: 30926966. https://doi.
org/10.1038/s41588-019-0379-x.

Batool H, Mushtaq N, Batool S, et al. Identification of the potential
type 2 diabetes susceptibility genetic elements in South Asian
populations. Meta Gene. 2020 1; 26:100771. https://doi.org/10.1016/j.
mgene.2020.100771.

Akhtar S, Khan Z, Rafiq M, Khan A. Prevalence of type II
diabetes in District Dir Lower in Pakistan. Pak ] Med Sci. 2016;
32(3):622. PMID: 27375702. PMCID: PMC4928411. https://doi.org/
10.12669%2Fpjms.323.9795.

Riaz M, Tiller J, Ajmal M, Azam M, Qamar R, Lacaze P. Implementation
of public health genomics in Pakistan. European Journal of Human
Genetics. 2019; 27(10):1485-92. PMID: 31101884. PMCID: PMC6777461.
https://doi.org/10.1038/s41431-019-0428-z

Shabana SU, Li KW, Acharya ], Cooper JA, Hasnain S, Humphries SE.
Effect of six type II diabetes susceptibility loci and an FTO variant on
obesity in Pakistani subjects. Eur ] Hum Genet. 2016; 24(6):903. PMID:
26395551. PMCID: PMC4867451. https://doi.org/10.1038/ejhg.2015.212.
Butt H, Hasnain S. The CI1431T polymorphism of peroxisome
proliferator-activated receptor y (PPARY) is associated with low risk
of diabetes in a Pakistani cohort. Diabetol Metab Syndr. 2016 Dec;8(1):
1-6. PMID: 27625707. PMCID: PMC5020519. https://doi.org/10.1186/
513098-016-0183-z.

Welter D, MacArthur J, Morales J, et al. The NHGRI GWAS Catalog,
a curated resource of SNP-trait associations. Nucleic Acids Res. 2014
1;42(D1):D1001-6. PMID: 24316577. PMCID: PMC3965119. https://doi.
org/10.1093/nar/gkt1229.

MacArthur J, Bowler E, Cerezo M, et al. The new NHGRI-EBI Catalog
of published genome-wide association studies (GWAS Catalog).
Nucleic Acids Res. 2017 4;45(D1):D896-901. PMID: 27899670. PMCID:
PMC5210590. https://doi.org/10.1093/nar/gkw1133.

Gabriel S, Ziaugra L, Tabbaa D. SNP genotyping using the Sequenom
MassARRAY iPLEX platform. Curr Protoc Hum Genet. 2009; 60(1):2-
12. PMID: 19170031. https://doi.org/10.1002/0471142905.hg0212s60.
Lee WC. Optimal trend tests for genetic association studies of
heterogeneous diseases. Sci Rep. 2016; 6(1):1-7. PMID: 27278756.
PMCID: PMC4899796. https://doi.org/10.1038/srep27821.

Jan A, Saeed M, Afridi MH, et al. Association of HLA-B Gene
Polymorphisms with Type 2 Diabetes in Pashtun Ethnic Population
of Khyber Pakhtunkhwa, Pakistan. J Diabetes Res. 2021; 16: 2021.
PMID: 34258292. PMCID: PM(C8254654. https://doi.org/10.1155/2021/
6669731.

Zia A, Wang X, Bhatti A, et al. A replication study of 49 Type 2 diabetes
risk variants in a Punjabi Pakistani population. Diabet Med. 2016;
33(8):1112-7. PMID: 26499911. https://doi.org/10.1111/dme.13012.

Rees SD, Hydrie MZ, Shera AS, et al. Replication of 13 genome-
wide association (GWA)-validated risk variants for type 2 diabetes
in Pakistani populations. Diabetologia. 2011; 54(6):1368-74. PMID:
21350842. https://doi.org/10.1007/s00125-011-2063-2.

Sabiha B, Bhatti A, Fan KH, et al. Assessment of genetic risk of type
2 diabetes among Pakistanis based on GWAS-implicated loci. Gene.
2021; 30;783:145563. PMID: 33705809. https://doi.org/10.1016/j.
gene.2021.145563.

Jaacks LM, Siegel KR, Gujral UP, Narayan KV. Type 2 diabetes: A 21st
century epidemic. Best Pract Res Clin Endocrinol Metab. 2016; 30(3):331-
43. PMID: 27432069. https://doi.org/10.1016/j.beem.2016.05.003.

Kido Y. Gene—environment interaction in type 2 diabetes. Diabetol Int.
2017; 8(1):7-13. PMID: 30603301. PMCID: PMC6224936. https://doi.
0rg/10.1007/513340-016-0299-2.

Peterson RE, Kuchenbaecker K, Walters RK, et al. Genome-wide
association studies in ancestrally diverse populations: Opportunities,
methods, pitfalls, and recommendations. Cell. 2019; 179(3):589-603.
PMID: 31607513. PMCID: PMC6939869. https://doi.org/10.1016/;.
cell.2019.08.051.

Basit A, Fawwad A, Siddiqui SA, Baga K. Current management
strategies to target the increasing incidence of diabetes within Pakistan.
Diabetes Metab Syndr Obes. 2019; 12:85. PMID: 30643443. PMCID:
PMC6314051. https://doi.org/10.2147/DMSO.S141356.

Vujkovic M, Keaton JM, Lynch JA, et al. Discovery of 318 new risk
loci for type 2 diabetes and related vascular outcomes among 1.4
million participants in a multi-ancestry meta-analysis. Nat Genet.
2020; 52(7):680-91. PMID: 32541925. PMCID: PMC7343592. https://doi.
org/10.1038/s41588-020-0637-y.

Mahajan A, Go MJ, Zhang W, et al. Genome-wide trans-ancestry
meta-analysis provides insight into the genetic architecture of type 2
diabetes susceptibility. Nat Genet. 2014; 46(3):234-44. PMID: 24509480.
PMCID: PMC3969612. https://doi.org/10.1038/ng.2897.

ScottRA, Scott L], Mégi R, et al. An expanded genome-wide association
study of type 2 diabetes in Europeans. Diabetes. 2017; 66(11):2888-902.
PMID: 28566273. PMCID: PMC5652602. https://doi.org/10.2337/db16-
1253.

Scott L], Mohlke KL, Bonnycastle LL, et al. A genome-wide association
study of type 2 diabetes in Finns detects multiple susceptibility

Vol. 38 No. 1 Molecular and Cellular Endocrinology Special Issue



European GWAS-identified T2DM risk variants in the Pakistani Pashtun population

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

variants. Science. 2007; 316(5829):1341-5. PMID: 17463248. PMCID:
PMC3214617. https://doi.org/10.1126/science.1142382.

Yasuda K, Miyake K, Horikawa Y, et al. Variants in KCNQI are
associated with susceptibility to type 2 diabetes mellitus. Nat Genet.
2008; 40(9):1092-7. PMID: 18711367. https://doi.org/10.1038/ng.207.

Li YY, Wang XM, Lu XZ. KCNQ 1 152237892 C— T gene polymorphism
and type 2 diabetes mellitus in the Asian population: A metaanalysis
of 15,736 patients. ] Cell Mol Med. 2014; 18(2):274-82. PMID: 24373634.
PMCID: PMC3930414. https://doi.org/10.1111/jcmm.12185.

Cai Y, Yi ], Ma Y, Fu D. Meta-analysis of the effect of HHEX gene
polymorphism on the risk of type 2 diabetes. Mutagenesis. 2011;
26(2):309-14. PMID: 21059810. https://doi.org/10.1093/mutage/geq095.
Li C, Shen K, Yang M, et al. Association between single nucleotide
polymorphisms in CDKAL1 and HHEX and type 2 diabetes in
Chinese population. Diabetes Metab Syndr Obes. 2020; 13:5113. PMID:
33447064. PMCID: PMC7801916. https://doi.org/10.2147/DMSO.
5288587.

Plengvidhya N, Chanprasert C, Chongjaroen N, Yenchitsomanus
PT, Homsanit M, Tangjittipokin W. Impact of KCNQ1, CDKN2A/2B,
CDKALI1, HHEX, MTNR1B, SLC30A8, TCF7L2, and UBE2E2 on risk
of developing type 2 diabetes in Thai population. BMC Med Genet.
2018; 19(1):1-9. PMID: 29871606. PMCID: PMC5989367. https://doi.
org/10.1186/s12881-018-0614-9.

Ding W, Xu L, Zhang L, et al. Meta-analysis of association between
TCF7L2 polymorphism rs7903146 and type 2 diabetes mellitus. BMC
Med Genet. 2018; 19(1):1-2. PMID: 29514658. PMCID: PMC5842570.
https://doi.org/10.1186/s12881-018-0553-5.

Lyssenko V, Lupi R, Marchetti P, et al. Mechanisms by which common
variants in the TCF7L2 gene increase risk of type 2 diabetes. J Clin
Invest. 2007; 117(8):2155-63. PMID: 17671651. PMCID: PMC1934596.
https://doi.org/10.1172/jci30706.

Jan A, Jan H, Ullah Z. Transcription factor 7-like 2 (TCF7L2): A culprit
gene in Type 2 Diabetes Mellitus. Diabetes mellitus. 2021; 24(4):371-6.
https://doi.org/10.14341/DM12313.

Ip W, Chiang YT, Jin T. The involvement of the wnt signaling pathway
and TCF7L2 in diabetes mellitus: The current understanding, dispute,
and perspective. Cell Biosci. 2012; 2(1):1-2. PMID: 22892353. PMCID:
PMC3468386. https://doi.org/10.1186/2045-3701-2-28.

Takeuchi F, Serizawa M, Yamamoto K, et al. Confirmation of multiple
risk Loci and genetic impacts by a genome-wide association study
of type 2 diabetes in the Japanese population. Diabetes. 2009; 58(7):
1690-9. PMID: 19401414. PMCID: PMC2699880. https://doi.org/10.2337/
db08-1494.

Rao P, Wang H, Fang H, et al. Association between IGF2BP2
polymorphisms and type 2 diabetes mellitus: A case-control
study and meta-analysis. Int ] Environ Res Public Health. 2016;
13(6):574. PMID: 27294943. PMCID: PMC4924031. https://doi.org/
10.3390%2Fijerph13060574.

Chistiakov DA, Nikitin AG, Smetanina SA, et al. The rs11705701 G>
A polymorphism of IGF2BP2 is associated with IGF2BP2 mRNA
and protein levels in the visceral adipose tissue-a link to type 2
diabetes susceptibility. Rev Diabet Stud. RDS. 2012; 9(2-3):112. PMID:
23403707. PMCID: PMC3700024. https://doi.org/10.1900/rds.2012.9.112.
Regine I, Husain RS, Aswathi RP, Reddy DR, Ahmed SS, Ramakrishnan
V. Association between PPARY rs1801282 polymorphism with diabetic
nephropathy and type-2 diabetes mellitus susceptibility in south
India and a meta-analysis. Nefrologia (English Edition). 2020; 40(3):
287-98. PMID: 32417009. https://doi.org/10.1016/j.nefro.2020.01.005.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Asif Jan, et al

61

Bakhashab S, Filimban N, Altall RM, et al. The effect sizes of PPARy
rs1801282, FTO rs9939609, and MC4R 152229616 variants on type 2
diabetes mellitus risk among the western Saudi population: A cross-
sectional prospective study. Genes. 2020; 11(1):98. PMID: 31947684.
PMCID: PMC7017045. https://doi.org/10.3390/genes11010098.

Yen CJ, Beamer BA, Negri C, et al. Molecular scanning of the human
peroxisome proliferator-activated receptor y (hPPARy) gene in
diabetic Caucasians: Identification of a Pro12Ala PPARy2 missense
mutation. Biochem Biophys Res Commun. 1997; 241(2):270-4. PMID:
9425261. https://doi.org/10.1006/bbrc.1997.7798.

Radha V, Mohan V. Genetic predisposition to type 2 diabetes among
Asian Indians. Indian ] Med Res. 2007; 125(3):259-74. PMID: 17496355.
Majid M, Masood A, Kadla SA, Hameed I, Ganai BA. Association
of Prol2Ala polymorphism of peroxisome proliferator-activated
receptor gamma 2 (PPARY2) gene with type 2 diabetes mellitus in
ethnic Kashmiri population. Biochem Genet. 2017; 55(1):10-21. PMID:
27567620. https://doi.org/10.1007/s10528-016-9765-6.

Vergotine Z, Yako YY, Kengne AP, Erasmus RT, Matsha TE. Proliferator-
activated receptor gamma Prol2Ala interacts with the insulin receptor
substrate 1 Gly972Arg and increases the risk of insulin resistance
and diabetes in the mixed ancestry population from South Africa.
BMC Genet. 2014; 15(1):1-8. PMID: 24447396. PMCID: PMC3900266.
https://doi.org/10.1186/1471-2156-15-10.

Imamura M, Takahashi A, Yamauchi T, et al. Genome-wide association
studies in the Japanese population identify seven novel loci for type
2 diabetes. Nat Commun. 2016; 7(1):1-2. PMID: 26818947. PMCID:
PMC4738362. https://doi.org/10.1038/ncomms10531.

Wang DD, Chen X, Yang Y, Liu CX. Association of Kiré. 2 gene rs5219
variation with type 2 diabetes: A meta-analysis of 21,464 individuals.
Prim Care Diabetes. 2018; 12(4):345-53. PMID: 29685723. https://doi.
org/10.1016/j.pcd.2018.03.004.

Salem SD, Saif-Ali R, Ismail IS, Al-Hamodi Z, Muniandy S.
Contribution of SLC30A8 variants to the risk of type 2 diabetes in a
multi-ethnic population: A case-control study. BMC Endocr Disord.
2014; 14(1):1-7. PMID: 24393180. PMCID: PMC3893602. https://doi.
org/10.1186/1472-6823-14-2.

Dong F, Zhang BH, Zheng SL, et al. Association between SLC30A8
1513266634 polymorphism and risk of T2DM and IGR in Chinese
population: A systematic review and meta-analysis. Front Endocrinol
(Lausanne). 2018; 9:564. PMID: 30319545. PMCID: PMC6167413.
https://doi.org/10.3389%2Ffendo.2018.00564.

Haghvirdizadeh P, Mohamed Z, Abdullah NA, Haghvirdizadeh P,
Haerian MS, Haerian BS. KCNJ11: Genetic polymorphisms and risk
of diabetes mellitus. ] Diabetes Res. 2015; 2015.1-10. PMID: 26448950.
PMCID: PMC4584059. https://doi.org/10.1155/2015/908152.

Riedel MJ, Steckley DC, Light PE. Current status of the E23K Kir6. 2
polymorphism: Implications for type-2 diabetes. Hum Genet. 2005;
116(3):133-45. PMID: 15565284. https://doi.org/10.1007/s00439-004-
1216-5.

LiuC,LiH, Qi L, Loos R], Qi Q, Lu L, Gan W, Lin X. Variants in GLIS3
and CRY2 are associated with type 2 diabetes and impaired fasting
glucose in Chinese Hans. PLoS One. 2011; 6(6):21464. PMID: 21747906.
PMCID: PMC3126830. https://doi.org/10.1371/journal.pone.0021464.

Authors are required to accomplish, sign and submit scanned copies of the JAFES Author Form consisting of: (1) Authorship Certification, that authors contributed
substantially to the work, that the manuscript has been read and approved by all authors, and that the requirements for authorship have been met by each author; (2)
the Author Declaration, that the article represents original material that is not being considered for publication or has not been published or accepted for publication
elsewhere, that the article does not infringe or violate any copyrights or intellectual property rights, and that no references have been made to predatory/suspected
predatory journals; (3) the Author Contribution Disclosure, which lists the specific contributions of authors; (4) the Author Publishing Agreement which retains
author copyright, grants publishing and distribution rights to JAFES, and allows JAFLES to apply and enforc
user license; and (5) the Conversion to Visual Abstracts (*optional for original articles only) to improve dissemination to practitioners and lay readers Authors are
also required to accomplish, sign, and submit the signed ICMJE form for Disclosure of Potential Conflicts of Interest. For original articles, authors are required to
submit a scanned copy of the Ethics Review Approval of their research as well as registration in trial registries as appropriate. For manuscripts reporting data from
studies involving animals, authors are required to submit a scanned copy of the Institutional Animal Care and Use Committee approval. For Case Reports or Series,
and Images in Endocrinology, consent forms, are required for the publication of information about patients; otherwise, appropriate ethical clearance has been
obtained from the institutional review board. Articles and any other material published in the JAFES represent the work of the author(s) and should not be construed

to reflect the opinions of the Editors or the Publisher.

an Attribution-Non-Commercial Creative Commons

Vol. 38 No. 1 Molecular and Cellular Endocrinology Special Issue

www.asean-endocrinejournal.org



