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Abstract

Introduction Type 2 diabetes mellitus (T2DM) is one of the leading preventable chronic diseases with high rates of morbid-
ity and mortality. It is multi-factorial, polygenic, and characterized by chronic hyperglycemia. Transcription factor 7-like 2
(TCF7L2), a key component of the canonical Wnt signaling pathway, is one of the most susceptible genes with the largest
effect on T2DM. Pakistan is populated with the rising trend of T2DM in the adult population, hence to advocate the previ-
ous though scarce findings, this case—control study was designed to see T2DM prevalence and its association with TCF7L2
intronic variant, rs12255372.

Methodology DNA extraction and genotyping through the tetra primer amplification refractory mutation system (T-ARMS-
PCR) were done on a total of 162 collected samples of the Pakistani cohort. Data was statistically analyzed by SPSS IBM
v20 and the Hardy—Weinberg equilibrium test was applied to see the stratification.

Results The variant genotyped was in Hardy—Weinberg equilibrium (p > 0.05). The SNP rs12255372 showed an association
with T2DM and remained significant after multiple adjustments for age and body mass index. The T allele showed a positive
association in study subjects.

Conclusion The study concluded, TCF7L2 SNP, rs12255372 are associated with T2DM. The risk allele T is more suscep-
tible to T2DM in the later age group (40-70 years) of females and the early age group (20—40 years) of males. This gender
effect is a unique finding, and further, more replicated studies need to be carried out to determine the effects of risk factors.

Keywords Type 2 diabetes mellitus - Transcription factors - Genome-wide association studies - Tetra primer amplification
refractory mutation system - SNP - Variant

Introduction

Diabetes is placed as the 7th disease that affects people and
causes death among various ethnicities, as per World Health
Organization (WHO). By the end of 2030, this level will
raise up to 522 million affecters [1]. Type 2 diabetes mel-
litus (T2DM), formerly considered as adult-onset, is one
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of the leading, however, preventable chronic disease with
high rates of morbidity and mortality. In the adult popula-
tion, the estimate of diabetes prevalence is to be 8.5 percent
globally and out of which approximately, 90% patients are
scourged with T2DM [2]. T2DM is characterized by chronic
hyperglycemia due to the mutual interplay of environmental
and genetic factors [3, 4]. There are some additional T2DM
correlated risk factors including unhealthy eating, lack of
exercise, overweight, and family history [35, 6].

Some candidate genes confirmed as T2DM associated
genes by genome wide association studies (GWAS) in sev-
eral studies. However, there are many genes that along with
other diseases are also related with T2DM [7]. Planning and
construction of genetic studies by using different approaches
have progressed over the last decade for the inquisition and
identification of complex human disease risk factors [8].
The recent data of polygenic T2DM show that more than
four hundred genetic risk variants at two hundred and forty
T2DM loci have been identified mainly through GWAS [9].
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Transcription factor 7-like 2 (TCF7L2) is one of the most
T2DM susceptible genes. It is located on the long arm of
chromosome 10 (10g25.3) and started from 114,710,009 bp
to 114,927,437 bp on the forward strand [10]. First, Grant
et al. in 2006 identified TCF7L2 and its consequence on
T2DM was replicated effectively in several populations [11,
12]. It was previously called as T-cell factor 4 (TCF4), not
to be confused with transcription factor 4, and its variants
are effectively involved in developing T2DM [13]. It is a key
component of the canonical Wnt signaling pathway, involved
in the development of a wide variety of cell lineages and
organs. This pathway is exposed to beta cell dysfunction in
T2DM [14].

The total population of Pakistan consists of 207.7 million
and comprised of an drea, 796095 km? [15]. The recent find-
ings in Pakistan reported a rise in T2DM prevalence among
adults [16]. To interrogate about the causal variant and the
risk allele of intronic SNPs within a gene is an integral proxy
of genomic diversity. In several replicated studies, the dif-
ferent associations between T2DM and TCF7L2 gene vari-
ants were reported; therefore, due to the scarcity of data in
South Asian countries and to compare the findings with the
previous evidences, this case—control study was conducted.
The specific objectives were to study the T2DM prevalence
and its association with the TCF7L2 variant. Moreover, to
estimate variables (age, BMI, gender) individually and as
clustered effects towards T2DM in the case—control subjects.

Material and method
Study subjects and anthropometric measurements

A total of 162 subjects were recruited from the Pakistani
Sindhi cohort based in Karachi according to inclusion and
exclusion criteria. The exclusion criteria included the sub-
jects with an age group equal or less than 18, controls with
a history of any chronic disease or ailment, and cases with
a history of any disease other than T2DM. All the healthy
controls were selected on the basis of age and gender match-
ing, without any history of medication, diabetes, or any other
disease symptoms. Anthropometric measurements including
weight in kilograms and height in square meters were noted
to calculate BMI [17].

Sample collection, biochemical tests, and DNA
extraction

A 10 ml blood sample from each subject was collected from
the antecubital vein in the sitting position. Samples were
grouped and a total of 84 of 162 samples were diabetic
patients (DP), and 78 of 162 samples were diabetic controls
(DC). Biochemical fasting blood sugar and lipid tests were
done through commercially available kits (Abcam, USA).
Purified genomic DNA from the blood of each participant
was extracted through the available genomic isolation kit
protocol (Promega, USA). Extracted DNA purity check was
done through quantification by using a Nanodrop-ND1000
(Thermo Fisher Scientific, Waltham, MA).

Genotyping for TCF7L2 rs12255372 variant

The intronic SNP 512255372 was chosen based on literature.
The genotyping was carried out by tetra-primer amplifica-
tion, refractory mutation system polymerase chain reaction.
(T-ARMS-PCR) in the presence of two pairs of specifically
designed primers (Table 1). Primers were verified by the
online bioinformatics primer design tool Primer3web, https://
primer3plus.com/primer3web/primer3web_input.htm. The
SNP possesses G, a reference allele, and T, a T2DM risk
allele. This SNP was visualized on a 1% agarose gel and
analyzed through a gel documentation system (Bio-rad).

Statistical analyses

Hardy—Weinberg equilibrium (HWE) was applied to find the
stratification of study participants. All continuous and binary
variables were calculated as mean + standard deviation (SD)
and numbers with percentages, respectively. The case—con-
trol groups were compared by an independent sample t-test.
The relationship of genotypes with cases and controls was
recognized by the chi-square test and obtained an odds ratio
by logistic regression for further authentication and to find
the association of variables with T2DM. In addition, a hier-
archical linear regression was employed by making different
models with risk factors. A cut-off p-value <0.05 was consid-
ered statistically significant. All the calculations were carried
out using SPSS version 20.

Table 1 List of primers used in

. List of primers Sequences 5'-3’ Tm Length (bp)
tetra-primer ARMS-PCR
Outer forward (OF) GG GCAATAGATACATTTT AAGA 53 22 bp
Outer reverse (OR) GA GATA GATG AT AGGCTGTT 48 20 bp
Inner forward (IF) GG AATATCCAGGCAAG AATG 57 20 bp
Inner reverse (IR) CCTGAGTAATTATC AGAATATGGTA 54 25 bp
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Results
Gender distribution

A total of 41 of 84 DP were males, and the remaining 43
of 84 DP were females; however, 49 of 78 were DC males,
and the remaining 29 were DC females (Fig. 1). The results
showed a high prevalence of T2DM in female adults which
is supporting a previous study. Tang et al. in 2019 reported
that T2DM prevalence in females occurs in low as well as
in high gross domestic per capita areas where they are at
multiple high risks of malnutrition, lack of physical activity,
or obesity [18].

Body mass index (BMI)

The BMI of subjects was recorded and analyzed (Table 2).
All pooled samples were listed as per WHO BMI Asian
criteria as normal (19-24.9), overweight (>25), and obese
(> 30), though the later two are abnormal categories. Out
of the total subjects, 31 (19.13%) had a normal BMI, 69
(41.97%) were overweight whereas 59 (36.4%) were obese.

Basic demographic characteristics and biochemical
tests

The data was analyzed and the results concluded that the
T2DM case group had high dyslipidemia, fasting blood
sugar, BMI, triglycerides (TG), and low levels of high-den-
sity lipoprotein cholesterol (HDL-C) (p < 0.05) (Table 2).
Results showed no difference in age and males among both
case—control groups, because the controls were individu-
ally matched on age and gender. These controls were not
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Fig.1 Prevalence of T2DM (n=162) among male and female case—
control adults in Pakistani cohort. *High prevalence of T2DM in
female case group adults

on medication and with no history of hypertension. Their
total cholesterol (TC) and low-density lipoprotein choles-
terol (LDL-C) levels are high as compared to diabetic cases
while their BMI is less, HDL-C level is high, and TG is low
than the diabetic subjects.

A subset of individuals despite having a high BMI or
high-fat deposition have been reported to have metabolically
healthy as characterized by high insulin sensitivity, no sign of
hypertension, low C-reactive protein, high HDL-C, and low
TG [19]. Although insulin sensitivity and C-reactive protein
are not tested in our study, in the light of the above reference,
our study indicated the same trend. The high level of elevated
BMI with a high level of TG and LDL-C and low levels of
HDL-C have reported to be associated with cardiovascular
diseases, diabetes, or metabolic syndrome; this situation is
found in most of our case samples.

Association of subjects, gender, BMI with genotypes

By applying the chi-square test, the association of genotypes
(GG, GT, and TT) with case—control subjects, male—female
gender, and normal-abnormal BMI of the pooled samples
was observed. Results showed a significant association
of male—female gender with genotypes (y>=7.806 and
p-value =0.02) (Table 3) in the selected cohort.

Genetic analysis by HWE

The genotype and allele frequencies for the SNP in healthy and
control individuals were tested by HWE through the Pearson

Table2 Demographic and biochemical characteristics of T2DM
cases and controls in the Pakistani subjects

Variables Controls Cases

n=178 n=84
Age in years® 37.1+6.56 40.18+5.52
Males* 49 (63%) 41 (49%)
Dyslipidemia 12 (10.08%) 79 (66.36%) **
FBS® 93+10.23 151 +41.82%*
BMI (Kg/m2) ¢ 24.8+4.44 27.24 +£4.95%%
TG 1.25+0.79 1.75£1.23%*
TC® 4.63+0.93 4.03+0.89
HDL-C* 1.35+0.42 1.29+0.38%*
LDL-C® 2.81+0.80 2.45+6.93

*Data is presented as percentages and in numbers
® continuous variables are presented as mean + SD

Groups were compared by independent sample t-test, ** significant
p-value < 0.05

Abbreviations: 72DM, type 2 diabetes mellitus; FBS, fasting blood
sugar; BMI, body mass index; TG, triglycerides; TC, total cholesterol;
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol
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test and are detailed in Table 4. The frequency of genotypes in
the DC group was 21.88% for GG, 60.3% for GT, and 17.9% for
TT; however, the frequency of reference allele (G) was 51.9%
and rare allele (T) was 48.1%. Results revealed observed and
expected values (y*>=3.34 and p-value =0.06) which are non-
significant and indicated that the population of controls is fall-
ing in concordance with HWE. The frequency of genotypes
in the DP group was 13.1% for GG, 71.4% for GT and 15.5%
for TT; however, the frequency of reference allele (G) was
48.8% and of rare allele (T) was 51.1%. Results by HWE indi-
cated observed and expected values providing y*=15.48 and
p-value=8.308E-05, which is significant. This indicates that
the population of cases is not falling in concordance with HWE
and is being stratified. This stratification may be due to the
presence of a lethal allele as our samples were of homogenous
ethnicity. The occurrence of the GT genotype was found higher
in both groups; however, the TT genotype was higher in DP and
the GG genotype was higher in controls. Exclusively controls
fall in concordance with the HWE. Deviations of HWE in cases
were expected due to the marked association of genotypes with
clinical phenotype certainly in homogenous populations.

The Pakistani population is a broadly diverse and genetic
admixture of European and Central or West Asian migrants
with the gene pools of indigenous South Asian. Pakistanis
are organized in different ethnicities grounded on linguistic,
cultural, and geographical origin [20]. Though, the genetic
data to differentiate various Pakistan ethnicities is scanty, a
few studies are done so far based on the microsatellites/short
tandem repeats and variants [21, 22]. This study population
genetically as well as geographically differs from the previous
study conducted by Hameed et al. in the Pashtun linguistic
group of Pakistan. The differences in the genotype and allele
percentages for the TCF7L2 SNP rs12255372 among Sindhi
and Pakhtun linguistic groups reveal no genetic resemblance
with the previous study of the Northern cohort [23].

The T-ARMS PCR results were visualized after horizon-
tal agarose gel electrophoresis of DC and DP samples. The

Table4 TCF7L2 SNP rs12255372 genotype and allele frequencies in
T2DM case-controls of the Pakistani cohort using HWE

Genotypes Controls Cases
n="78 n=284
GG % 21.88 13.1
GT % 60.3 71.4
TT % 17.9 15.5
Minor allele 51.9 51.1
T %
Major allele 48.1 48.8
G %
Minor/Major allele 1.08 1.05
HWE (2) 3.34 15.48
p-value 0.06 8.308E-05*

* significant p-value (p <0.05) reported for HWE; »2, chi-square test
reported for HWE. Abbreviations: 72DM, type 2 diabetes mellitus;
TCF7L2, transcription factor 7-like 2; SNP, single nucleotide poly-
morphism; 72DM, type 2 diabetes mellitus; HWE, Hardy—Weinberg
equilibrium

Fig. 2 is showing amplicons of various sizes with respect
to alleles.

Logistic regression analysis for association of risk
factors with diabetics and non-diabetics

A crude and adjusted odds ratio with a 95% confidence limit
was calculated in cases and controls by using binary logistic
regression analysis for estimation of relative risk association
(Table 5).

Genotype

In cases, 2.057 increased relative odds of genotype GT found
a strong association with diabetes and a less strong associa-
tion in controls by increased odds of 0.486 with a signifi-
cant p-value (p <0.05) showing that the reported effect is

Table 3 Association of T2DM

; Genotype X2 p-value (df)
case—control subjects, gender,
and BMI with TCF7L2 SNP GG GT TT Sum (n)
rs12255372 genotype using the
chi-square test in the Pakistani Subjects
cohort Controls 17 47 14 78 2.684 0.261 (2)
Cases 11 60 13 84
Gender
Males 22 56 12 90 7.806 0.020 (2)*
Females 6 51 15 72
BMI
Normal 7 19 5 31 2.96 0.08 (2)
Abnormal 21 87 20 128

*significant p-value

Abbreviations: T2DM, type 2 diabetes mellitus; TCF7L2, transcription factor 7-like 2; SNP, single nucleo-
tide polymorphism; BMI, body mass index
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solely due to chance, whereas in controls, although there is
a 1.77 increase of positive outcome of the genotype TT, this
increase is not statistically significant.

Gender

Similarly, the female gender is strongly associated with
DP with odds of 1.77 although it is statistically slightly
insignificant (p =0.074). The male gender showed a strong
association with DC. The age group from 20 to <40 years
showed a strong association with DP (odds ratio value 1.5);
however, the age group from 40 to 70 years showed an
association with cases through the same 1.5-fold increased
odds while this increase in both of these age groups proved
statistically insignificant (p =0.216). These results sug-
gested that DC and DP subjects are associated with risk
allele genotype GT with p value 0.044 (OR=0.486) and
0.044(OR =2.057), respectively.

BMI

South Asians are at increased risk of morbidity at the lower val-
ues of BMI in comparison to WHO defined cut off values. Obe-
sity and T2D are multifactorial diseases, and a combination of
genetic and environmental risk factors is believed to lead these
complex diseases [24]. BMI, including normal, overweight, and

45 6 7 8 910

Fig.2 TCF7L2 rs12255372 SNP genotyping of type 2 diabetes mel-
litus cases and controls by tetra-primer amplification refractory muta-
tion system polymerase chain reaction (T-ARMS PCR). Left: lane 1
contains a 100 bp ladder; lane 2 contains the negative control; lane 3
through 10 wells contain amplicons of diabetic control (DC) samples.
Right: lane 1 contains the 100 bp ladder; lane 2 through 10 wells con-

obese categories, possessed a statistically insignificant associa-
tion with 95% ClI in cases and controls (Table 5).

Comparison between effects of genetic variant
and clustering of risk factors on cases and controls

We employed hierarchical linear regression to study the
association of the TCF7L2 SNPs with T2DM under three
genetic models showing weak and protective effects due to
reference of T2DM-associated TCF7L2 SNP [25]. In pri-
mary concern of this study, linear regression analysis was
conducted to estimate the pooled effects of various variables
and to see the significant increase risk of T2DM among
recruited cases and controls. This statistical test was ana-
lyzed by making models unadjusted for cases and controls
and analyzed after adjustment with risk factors including
genotype, age, gender, and BMI (Tables 6 and 7). These
models provided us the effect size of genetic factors alone
and the effect size with clustering of the covariates risk
factors.

Gender

The results showed that in controls of both age groups (20 to
40 years; 40 to 70 years), the male showed a statistically signif-
icant weak and moderate effect in association with risk allele
genotypes, GT and TT. However, females are also significantly

456 7 8 910

760bp

494bp

310bp

tain amplicons of diabetic patient (DP) samples. The gel was made up
of 1.5% agarose assembled on horizontal gel electrophoresis (Sigma)
with a comb of 10 wells. Later, bands for nonspecific (760 bp),
G-allele specific (494 bp), and T-allele (310bp) specific were visual-
ized under UV light via the Bio-Rad gel documentation system.
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Table 5 Association of
TCF7L2 SNP rs12255372 and
environmental risk factors with
T2DM cases-controls in the
Pakistani cohort using Logistic
regression analysis

Variables Controls Cases
p-value (df) OR 95%Cl p-value (df) OR 95%Cl1

Lower  Upper Lower  Upper
Male 0.074 (1) 1.772  0.946 3.319 0.074 (1) 0.564  0.301 1.057
Female 0.074 (1) 0.564 0.301 1.057 0.074 (1) 1.772  0.946 3.319
Age 0.216 (1) 1.517 0.784 2.934 0.216 (1) 0.659 0.341 1.275
(20-<40 years)
Age 0.216 (1) 0.659 0.341 1.275 0.216 (1) 1.517 0.784 2.934
(40-70 years)
BMI 0.603 (1) 0.791 0.327 1.915 0.859 (1) 1.264  0.522 3.061
(obese)
BMI 0.659(1) 1.152 0.614 2.161 0.659 (1) 0.868 0.463 1.629
(over Wt)
BMI 0.921 (1) 0966 0.482 1.936 0.921 (1) 1.036  0.517 2.076
(normal)
GT * 0.044* (1) 0.486 0.241 0.982 0.044* (1) 2.057 1.019 4.156
TT 0.21 (1) 1.77 0.727 4.344 0.207 (1) 0.563  0.230 1.376

*significant p-value < 0.05

Abbreviations: T2DM, type 2 diabetes mellitus; TCF7L2, transcription factor 7-like 2; SNP, single nucleo-
tide polymorphism; BMI, body mass index; OR: odds ratio; CI, confidence interval

associated with both risk allele genotypes but showed a pro-
tective effect (Table 6). In cases, males and females of the
age group (21 to <40 years) conclude a significant protective

Table 6 Interaction effect of
TCF7L2 variant rs12255372
with age, gender, and BMI
on T2DM risk in controls of
Pakistani cohort

@ Springer

and lethal effect on T2DM, respectively. On the contrary, in
cases of an age group > 40 years, males showed a significant
weak lethal effect with the GT genotype and a protective effect

Controls

T2D risk allele with GT genotype

T2D risk allele with TT genotype

Variables with adjustment  Beta p-value % increase Beta p-value % increase ES**
Model 1A —-0.124  0.135 -12.4 0.022 0.675 2.2 (W)
GT

Model 2A 0.109 0.179 —5.3(Wh) 0.155 0.160 19.4 (W)
age (20-40)

Model 3A 0.172 0.035* 11.7 (W) 0.189 0.022* 34.5 M)
males-age <40

Model 4A —0.003  0.906 4.9 (W) —-0.006 0.837 32.1 M)
BMI-males-age <40

Model 2B —-0.055 0.179 10.7(W) —0.058 0.160 —-1.9(WP)
age(40-70)

Model 3B —-0.172  0.035* —22.7(WP)  —0.189  0.022% —3.3(WPH)
females- age <40

Model 4B —0.003  0.906 —247(WP)  —0.006 0.837 —1.9(WP)
BMI-females-age <40

Model 3¢ 0.172 0.035* —2.9(WPh) 0.189 0.022* 19.1(W)
males —age > 40

Model 4¢ —0.003  0.906 —6.7 (WPH) —-0.006 0.837 18.9(W)
BMI-males-age > 40

Model 3d -0.172  0.035%*  —373(WH) —0.189 0.022* —18.7(WPH)
females-age > 40

Model 4d —0.003  0.906 -363(WH)  —0.006 0.837 —14.9(WP)

BMI-females-age > 40

*significant p-value <0.05; age in years; obese with BMI>25 kg/m?; **effect size values are based on
Cohen’s rule; abbreviations: TCF7L2, transcription factor 7-like 2; SNP, single nucleotide polymorphism;
T2DM, type 2 diabetes mellitus; HWE, Hardy—Weinberg equilibrium; BMI, body mass index; ES, effect
size; W, weak; M, moderate; L, large effects; WP, weak protective effect; MP, moderate protective effect
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with the TT genotype, whereas females showed a significantly
largest lethal effect size with the GT genotype and a moderate
lethal effect with the TT genotype (Table 7).

BMI

BMI of the obese category was not associated with cases
and controls by separate binary logistic regression analysis;
however, the significant association was found only when it
was evaluated together with other covariates. The significant
moderate effect size of BMI (> 25 kg/m?) with genotype TT
in the age group of >40 years (p =0.045) had been observed
in female T2DM cases (Table 7).

Genotype

In both cases and controls, genotypes GT and TT showed a
lethal effect in males and females of both age groups from
20 to 70 years, (Tables 6 and 7) whereas in cases, the TT
genotype showed a lethal effect with BMI in females only
of age groups 40 to 70 years (Table 7). Our results are rep-
resented in concordance to Cohen’s rule that shows the clus-
tering effect is increased from weak to moderate and strong
with the addition of risk factors. In controls and cases with

the age group of 40 to 70 years, the only significant and
problematic factor left was raised BMI. It was found that
the effect size of genetic factors produced less elevation in
T2DM cases, but it was significantly more due to other fac-
tors particularly by gender and BMI. The significant effect
size for risk allele genotype in both case and control subjects
came from gender only.

Discussion

Our result provides chief confirmation that variants of the
TCF7L2 gene are strongly associated with type 2 diabetes in a
selected ethnicity. We found that the minor allele-T of TCF7L2
rs12255372 significantly increases T2D risk. Our data support
the multiplicative model of inheritance for the TCF7L2 SNPs
proposed by Grant et al., (2006). Results of T-ARMS PCR
genotyping found that rare allele-T was higher among cases
than controls suggested another evidence of TCF7L2 suscepti-
bility. The association of females and males found significantly
associated with genotypes, and the rare allele-T was higher in
females (91.7%) as compared to males (75.6%) with odds of
1.77 which are in contrary to the results confirmed in US pop-
ulation [26]. The previous study showed a high percentage of

Table 7 Interaction effect of
TCF7L2 variant rs12255372

Controls

T2D risk allele with GT genotype

T2D risk allele with TT genotype

with age, gender, and BMI on
T2DM risk in cases of Pakistani
cohort

Model 1A

GT

Model 2A
age(20-40)

Model 3A
males-age <40
Model 4A
BMI-males-age <40
Model 2B

age (40-70)

Model 3B
females-age <40
Model 4B
BMI-females-age <40
Model 3c

males-age > 40
Model 4¢
BMI-males-age > 40
Model 3d
females-age > 40
Model 4d
BMI-females-age > 40

Variables with adjustment  Beta

0.249
-0.219
—0.344
0.007
~0.194
0.344
0.007
—0.344
0.007
0.344

0.296

p-value  Variables with Beta p-value  Vari-
adjustment ables with
adjustment
0.135 249 (W) —-0.044  0.675 —4.4 (WP
0.179 10.4 (W) -0.231  0.160 31.0 (W)
0.035* —23.4 (WP -0.379  0.022* —47.9 (MP)
0.906 -9.7 (WP 0.012 0.837 -36.2 (MP)
0.227 432 (M) -0.206 0.205 3.6 (WP)
0.035* 454 (M) 0.379 0.022%* 6.7 (W)
0.906 -9.7 (WP 0.012 0.837 4.0 (W)
0.035* 5.7 (W) -0.379  0.022%* -382 MP)
0.906 13.5 (W) 0.012 0.837 -37.6 MP)
0.035% 74.5 (L) 0.379 0.022* 37.6 (M)
0.077 72.7 (L) 0.338 0.045%* 30.0 M)

*significant p-value <0.05; age in years; obese with BMI>25 kg/m?; **effect size values are based on
Cohen’s rule; abbreviations: TCF7L2, transcription factor 7-like 2; SNP, single nucleotide polymorphism;
T2DM, type 2 diabetes mellitus; HWE, Hardy—Weinberg equilibrium; BMI, body mass index; ES, effect
size; W, weak; M, moderate; L, large effects; WP, weak protective effect; MP, moderate protective effect
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rare allele-T in men as compared to women. However, another
study suggested a high mortality rate of females due to uncer-
tain diabetes as compared to males [27].

This chromosome locus has a significance to be con-
sidered as an inheritable risk factor for diabetes. Logistic
regression analysis of SNP rs712255372 showed odds of
2.057 (95% CI) for GT genotypes with significant p-value
and TT genotype showed odds of 0.56 which is statistically
insignificant. This outcome is unlikely to the study previ-
ously reported by Bodhini et al., 2007 [28]. It is due to the
potential limitation of a relatively small number of cases
and control subjects. This limitation may resolve by fur-
ther increasing the study power with the addition of study
samples. The present study also highlights the importance
of clustering of risk factors with genotypes. Results found
that TCF7L2 variant rs12255372 in the later age group of
T2DM cases has a more moderate effect to its predisposition
which is in contrary to the previous study, which reported
that TCF7L2 variants are associated with an early age onset
of T2DM [29].

TCF7L2 was associated with T2DM and decreased BMI
[30], but some studies showed that it is associated with
increased BMI. There was a need to further investigate its
relevance in Pakistani cohorts. Hence, our results provide
that in addition to later age, higher BMI along with risk
allele-T of rs12255372 variant has a more pronounced effect
on the T2DM. These results are in concordance with the
study of Cauchi et al., 2008 who suggested that TCF7L2
SNP is not a risk factor for obesity in European populations,
but its effect on T2DM risk is modulated by obesity [31].
The present study also determined a novel effect of gender
on T2DM in association with the risk allele. The study con-
cluded that along with other risk factors, females with risk
allele genotype (GT or TT) are more susceptible to T2DM
in the later age of 40 to 70 years, whereas males are more
susceptible to T2DM in the early age from 20 to 40 years
in association with risk allele genotypes. This is a unique
finding and further more studies are required to support this
outcome.

Conclusion

The study concluded, TCF7L2 variant rs12255372 has
associated with T2DM and when combined with various
phenotypic risk factors, it enhances the predisposition of
individuals to develop T2DM. Moreover, the study also con-
cluded a novel effect of gender that females with risk allele
genotypes are more susceptible to T2DM in the later age of
40 to 70 years, whereas males are more susceptible to T2DM
in the early age from 20 to 40 years in association with risk
allele genotypes. This is a unique finding and more stud-
ies are required to determine the environmental risk factors

@ Springer

effect in relation to genes implicated in the predisposition
of T2DM. Apart from TCF7L2 variants, additional genetic
studies can explore T2DM risk for other genes interplaying
a role in the pathogenesis of T2DM in different Pakistani
cohorts.
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