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Abstract. – OBJECTIVE: We studied the asso-
ciation of single nucleotide polymorphisms
(SNPs) rs7903146, rs12255372 and rs4506565 in
type 2 diabetes mellitus (T2DM) susceptibility
gene, transcription factor 7 like 2 (TCF7L2) with
T2DM among the population of the Eastern
Province of Saudi Arabia.

PATIENTS AND METHODS: In a case-control
study, blood samples were collected from 359
T2DM patients and 351 age and sex-matched
normoglycemic controls. Genotyping was done
by allele specific PCR assay.

RESULTS: Our results revealed a strong associ-
ation between riskT alleles in variants rs12255372
(OR: G/T=1.4233; T/T=2.0395) and rs4506565 (OR:
A/T=1.6066; T/T=3.1301) and T2DM among the
Saudi population of the Eastern Province of Saudi
Arabia. This is the first time that this association
has been identified in a Saudi population. Howev-
er, a common variant, rs7903146, often found to
be associated with T2DM in other populations
failed to demonstrate any association to T2DM
with the present population. These data further
strengthens the hypothesis that Saudi popula-
tions might carry a distinct risk allele in T2DM
susceptibility geneTCF7L2.

CONCLUSIONS: The present results confirm
that rs12255372 and rs4506565 variants of
TCF7L2 show an association, but not
rs7903146, with T2DM for the Saudi population
of the Eastern Province of Saudi Arabia.

Key Words:
TCF7L2, T2DM, Saudi population, Association.

Introduction

Saudi Arabia has a high incidence of diabetes
mellitus with a prevalence of 24% as noted in the
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Diabetes Atlas, 2013 of International Diabetes
Federation (IDF)1. The most prevalent form of
this debilitating disease is Type 2 Diabetes Melli-
tus (T2DM), which is strongly influenced by in-
heritance and other factors such as age, obesity
and life style. The disease is believed to be poly-
genic involving association with polymorphism
in several genes encoding metabolic enzymes
and transcription factors. However, more than
any other factors, the genetic variants in the
TCF7L2 (transcription factor 7 like 2) gene have
been consistently associated with T2DM among
several populations of various ethnicity through-
out the world including France2, Scandinavia3,
Europe4, Japan5, India6, Latin America7, West
Africa8, United States of America9, United King-
dom10, Lebanon11 and Tunisia12.
TCF7L2 encodes a transcription factor in-

volved in Wnt/β-catenin signaling pathway that
regulates cell survival, cell migration, prolifera-
tion and differentiation. The overexpression of
the gene in pancreatic β cells results in impaired
insulin secretion. Several of both intronic and ex-
onic single nucleotide polymorphisms (SNPs) in
TCF7L2 gene have been studied extensively with
more emphasis on rs7903146 (C>T), rs12255372
(G>T) and rs4506565 (A>T). The association of
the TCF7L2 genetic variant particularly
rs7903146 with T2DM has consistently been
replicated in various ethnic populations, but with
contradicting results in case of Arab populations.
Further, the data on the SNPs in TCF7L2 gene
and its association with T2DM in Saudi Arabia is
limited except for the report of Alsmadi et al13

who recorded no association of rs7903146 vari-
ant with T2DM risk in the Saudi population of
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ly history of diabetes were also included in the
study. The study was approved by the Ethical
Committee of the University and written in-
formed consent was obtained from all subjects
involved.

Sample Collection and DNA Extraction
Five milliliters of peripheral blood was drawn

in heparinized blood collection tubes (Vacutainer,
BD Diagnostics, USA) from the study group and
control group, which was immediately transport-
ed to the laboratory in an ice box. DNA was ex-
tracted from the whole blood using “illustra
blood genomicPrep mini spin kit” (GE Health-
care, Buckinghamshire, United Kingdom) as per
the manufacturer’s protocol. DNA was quantified
and purity was measured using NanoDrop 2000
spectrophotometer (Thermo Fisher Scientific
Inc., Massachusetts, United States of America)
and stored at -80°C.

Allele Specific PCR Assay
Genotyping of the SNPs in the gene TCF7L2

was undertaken using techniques of allele specif-
ic PCR assay as described by Dutra et al15. The
protocol is based on the Amplification of Refrac-
tory Mutation System (ARMS) method in which
a set of primers has a mismatch in their 3’ end.
Each mismatch nucleotide is specific for one of
the two variants of the polymorphic loci. A pair
of wild or mutant allele specific forward primer
and a common reverse primer flanking down-
stream of the polymorphic region were designed
based on the previously established protocol15

(Table I). A second mismatch was also main-

the Central Province, which is contrary to studies
conducted on other populations2-12. Hence, with
the hypothesis that the Saudi Arab population
from Eastern Province with distinct ethnic origin
could harbor the same SNP as a predisposing
factor for development of hyperglycemia, we fur-
ther investigated two more commonly encoun-
tered SNPs of TCF7L2 in T2DM, which had not
been included in the previous study. Accordingly,
the present study was undertaken to assess the
SNPs in TCF7L2 variants rs7903146 (C>T),
rs12255372 (G>T) and rs4506565 (A>T) and its
association with T2DM in the population of the
Eastern Province of Saudi Arabia.

Patients and Methods

Study Patients
A case-control study was conducted on ran-

domly selected T2DM patients (n=359) who
were attending the Department of Endocrinology,
King Fahd Hospital of the University, University
of Dammam, Al-Khobar, Eastern Province,
Kingdom of Saudi Arabia during the years 2011
and 2012. As this hospital is the referral special-
ist health care center in the region, the population
under study represented the samples across the
Eastern Province. The study group was limited to
Saudi subjects, over the age of 30 years, residing
in the Eastern Province. Diabetes was diagnosed
as per the WHO, 2006 definitions set forth for
confirming the T2DM14. A similar number
(n=351) of age and sex matched control subjects
who showed no signs of diabetes or had no fami-

Target SNP Primers Sequence (5’-3’) Reference

rs7903146 (C>T) rs7903146-C (forward) GAACAATTAGAGAGCTAAGCACTTTTTAGAAAC 15
rs7903146-T (forward) GAACAATTAGAGAGCTAAGCACTTTTTAGAGAT
rs7903146 (common reverse) AGA TGAAAT GTA GCA GTGAAG TGC

rs12255372 (G>T) rs12255372 (common forward) TTT TGT TAA TGG CTT GCA GGT Present
study

rs12255372-G (forward) TGC CCA GGAATA TCCAGG CAA GAC TG
rs12255372-T (reverse) GGC CTGAGTAAT TAT CAGAATATGATA
rs12255372 (common reverse) GCG CAT GCTAAT TTC CTG TC

rs4506565 (A>T) rs4506565-A (forward) GATATG GCGACC GAA GTG CTA Present
study

rs4506565-T (forward) GATATG GCGACC GAA GTG CTT
rs4506565 (common reverse) TGA GAG TGCAAC CAT CTG GA

Table I. Primers used for genotyping of TCF7L2 SNPs of T2DM patients and control subjects

Mismatch bases are underlined
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tained at the third nucleotide from the 3’ end of
the forward primer, which hinders primer exten-
sion of doubly mismatched primer, thus, increas-
ing the specificity of the allele specific PCR reac-
tion (Table I). Standard PCR reaction mixture
was formulated and amplification was performed
on a MasterCycler (Eppendorf, Hamburg, Ger-
many) with initial denaturation for 5 min at 94ºC,
followed by 30 cycles of 1 min denaturation at
94ºC, 30 sec annealing at 47ºC and 1 min primer
extension at 72ºC and a final extension of 5 min
at 72ºC. The products were resolved on an ethidi-
um bromide stained 1.2% agarose gel and pho-
tographed on a gel documentation system (Syn-
gene, Cambridge, UK).

Statistical Analysis
Statistical analysis was performed using SPSS

for Windows, IBM SPSS Statistics 20.0 (IBM,
NewYork, NY, USA). The mean age of cases and
controls was compared by Students t test. Male
and female ratio goodness of fit was analyzed by
chi square (X2) test. Genotype frequencies were
tested using X2 analysis for Hardy-Weinberg
equilibrium. Subjects with CC homozygous al-
lele were used as reference for testing Odds Ra-
tio (OR) with 95% confidence intervals (CIs) af-
ter matching for age and sex to see the associa-
tion of genotype with T2DM. In all cases a p val-
ue of <0.05 was considered as statistically signif-
icant.

Results

The present study analyzed the possible rela-
tionship between T2DM and SNPs at rs7903146
(C>T), rs12255372 (G>T) and rs4506565 (A>T)
in TCF7L2 gene in T2DM patients and the nor-
moglycemic control group. The distribution of
males was 162 (45.12%; n=359) in the T2DM
group and 168 (47.86%; n=351) in the control
group with no significant difference between the
male and female ratio by chi square (χ2) test (p,

0.6120/0.6811) (Table II). The mean age was
50.94 ± 9.82 and 51.29 ± 8.03 for the T2DM
group and control group, respectively (p, 0.9011;
Table II).
Allele and genotype frequency for minor “T”

allele for the SNP rs7903146 is presented in
Table III. The heterozygous (CT) genotype fre-
quency of the cases was 0.3816 and that of con-
trols was 0.4074. Odds ratio (OR), with CC
genotype taken as the reference, showed 0.9654
(95% CI of 0.6894 to 1.3517; p, 0.8374) indicat-
ing no significant difference between the patient
and control groups (Table III). The homozygous
(TT) risk genotype frequency of the patient
group was 0.2535, which was slightly higher
than that of the control group (0.2165). However,
though this genotype showed an OR of 1.2065,
higher than the heterozygous (CT) genotype, sta-
tistically it was not found to be significant (95%
CI of 0.8178 to 1.7799; p, 0.3440) (Table III).
Similarly, the allele frequency for minor “T”

allele for another SNP, rs12255372, was 0.4554
and 0.3830 for the patient and control groups, re-
spectively (Table III) showed no statistically sig-
nificant difference (OR, 1.3472; 95% CI of
0.0454 to 1.7362; p, 0.0213). The heterozygous
(GT) genotype frequencies were 0.4067 and
0.3761 for the patient and control groups respec-
tively with an OR of 1.4233 (95% CI of 1.0241
to 1.9781; p, 0.0356). However, homozygous
(TT) risk allele frequencies were significantly
higher in the patient group (0.2340) than in the
control group (0.1510) with a substantially high-
er OR of 2.0395 (95% CI of 1.3485 to 3.0845; p,
0.0007) (Table III).
The SNP, rs4506565 (A>T) of TCF7L2, re-

vealed a significantly higher risk allele and geno-
type (both heterozygous and homozygous) fre-
quency and OR for T2DM patients than control
individuals (Table III). The patient group showed
a risk allele frequency of 0.4909 compared to the
control group, which showed a frequency of
0.4094 (OR, 1.3909; 95% CI of 1.0934 to
1.7694; p, 0.0072). ORs for heterozygous (AT)

Parameter T2DM Subjects (n=359) Control Subjects (n=351) p – value*

Male (%) 162 (45.12) 168 (47.86) 0.6120
Female (%) 197 (54.88) 183 (52.14) 0.6811
Mean Age (years) 50.94 ± 9.82 51.29 ± 8.03 0.9011
Age range (years) 30-83 30-86 -

Table II. Description of T2DM patients and control subjects participated in the study

*p value <0.05 was considered significant
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rs12255372 and rs4506565 do contribute at a
greater extent to the risk of development of
T2DM among the Saudi population of the East-
ern Province of Saudi Arabia. However, a com-
mon variant, rs7903146, failed to demonstrate
any correlation for the same population group.
The minor T allele frequency for the SNP

rs7903146 among the Saudi population of the
Eastern Province of Saudi Arabia was recorded
in this study at 0.4597 for cases and 0.4433 for
controls, respectively, with no statistically signif-
icant difference (OR of 1.0683; 95% CI of
0.8317 to 1.3722; p, 0.6051). The results are sim-
ilar with earlier reports published for Saudi popu-
lations in the Central Province of the Kingdom13,
which showed no significant difference among
the distribution of allele frequency for this partic-
ular SNP among the two regions. Furthermore,
the results of our study are consistent with the
earlier reports for the central regions of the King-
dom; rs7903146 variant in TCF7L2 showed no
association to T2DM with a statistically insignifi-
cant OR of 0.9654 (95% CI of 0.6894 to 1.3517;
p, 0.8374) for heterozygous (CT) risk allele and
an OR of 1.2065 (95% CI of 0.8178 to 1.7799, p,
0.3440) for homozygous risk (TT) allele respec-
tively (Table III). Among all the SNPs in
TCF7L2, rs7903146 is the most studied and
shows the strongest association in various ethnic
groups viz., Europeans7,9,18,19,23,28, Asians5,6,23,26,
Africans8,23, but failed to prove its association
among Saudi13, present study and Emirati21 popu-
lations indicating the possible presence of a dif-

and homozygous (TT) risk allele frequencies
were 1.6066 (95% CI of 1.1472 to 2.2498; p,
0.0058) and 3.1301 (95% CI of 1.9550 to 5.0116;
p, <0.0001) respectively and revealed a statisti-
cally significant association between rs4506565
and T2DM (Table III).

Discussion

Identification of TCF7L2 as one of the T2DM
target genes in genome wide association studies
(GWAS) and case-control studies16-20 has lead re-
searchers to study the gene extensively for vari-
ous SNPs correlating to the manifestation of hy-
perglycemia. As a result, SNPs in various loci of
TCF7L2 have been shown to be associated with
T2DM among many populations of various eth-
nicity and geographical locations11,12,15,20,21. How-
ever, there has been a contrasting report showing
weak or lack of association between TCF7L2
common variants rs7903146 and rs12255372 and
T2DM among Saudi Arabs of the Central
Province of the Kingdom13. Hence, replication
studies on the association of TCF7L2 variants to
T2DM for the Eastern Province, which is ethni-
cally and geographically different from the other
provinces of Saudi Arabia, would help in gener-
alizing the pattern of TCF7L2 SNPs. This is the
first study on a Saudi Arabian population to be
conducted to elucidate on the three major com-
mon variants of TCF7L2 and its association to
T2DM. Our results suggest that TCF7L2 variants

SNP variants of TCF7L2 Genotype T2DM Subjects Control Subjects
(n = 359) (n = 351) O.R (95% CI)* p-value**

rs7903146 (C>T) C allele (%) 268 (54.03) 275 (55.67) - -
T allele (%) 228 (45.97) 219 (44.33) 1.0683 (0.8317 to 1.3722) 0.6051
CC (%) 131 (36.49) 132 (37.61) - -
CT (%) 137 (38.16) 143 (40.74) 0.9654 (0.6894 to 1.3517) 0.8374
TT (%) 91 (25.35) 76 (21.65) 1.2065 (0.8178 to 1.7799) 0.3440

rs12255372 (G>T) G allele (%) 275 (54.46) 298 (61.70) - -
T allele (%) 230 (45.54) 185 (38.30) 1.3472 (1.0454 to 1.7362) 0.0213
GG (%) 129 (35.93) 166 (47.29) - -
GT (%) 146 (40.67) 132 (37.61) 1.4233 (1.0241 to 1.9781) 0.0356
TT (%) 84 (23.40) 53 (15.10) 2.0395 (1.3485 to 3.0845) 0.0007

rs4506565 (A>T) A allele (%) 280 (50.91) 313 (59.06) - -
T allele (%) 270 (49.09) 217 (40.94) 1.3909 (1.0934 to 1.7694) 0.0072
AA (%) 89 (24.79) 134 (38.18) - -
AT (%) 191 (53.20) 179 (50.99) 1.6066 (1.1472 to 2.2498) 0.0058
TT (%) 79 (22.01) 38 (10.83) 3.1301 (1.9550 to 5.0116) <0.0001

Table III. Genotype analysis relating to TCF7L2 variants and risk of T2DM.

*Age and sex matched Odds ratio
**p value <0.05 was considered significant
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ferent risk allele among these populations.
Many studies have also implicated rs12255372

and rs4506565 or various other combinations re-
ported to be associated with T2DM11,12,15,20,21. We
also investigated the association of rs12255372
(G>T) polymorphism with T2DM among the
Saudi population of the Eastern Province and
recorded a significantly high OR of 2.0395 (95%
CI of 1.3485 to 3.0845; p, 0.0007) for homozy-
gous TT genotype (Table III) indicating a high
risk of development of T2DM among the carriers
of this minor allele. The results are in contrast to
previous data published for the same SNP for the
Saudi population of the Central Province13, sug-
gesting that the population of the Eastern
province carries a different risk allele for T2DM
than their counterparts in the Central Province.
However, the results of the present study are in
line with the observations made for an Emirati
population21 in which SNP rs12255372 is associ-
ated with T2DM with similar magnitude, but not
rs7903146. In addition, an Iranian population al-
so shares the same SNP rs12255372, minor T al-
lele, which is a risk allele in TCF7L2 gene for
the development of T2DM20. This variant of
TCF7L2 had earlier been shown to be associated
with T2DM for Caucasian22, North Europeans8,9,
Africans23,24, East Asians25,26 and Indians6,27, sug-
gesting that rs12255372 affects populations of
various ethnic groups.
In addition, the present study also revealed for

the first time, for any Saudi population, a moder-
ate association of heterozygous (AT) genotype
(OR, 1.6066; 95% CI of 1.1472 to 2.2498; p,
0.0058) and a remarkably stronger association of
homozygous (TT) genotype (OR, 3.1301; 95% CI
of 1.9550 to 5.0116; p < 0.0001) in the SNP
rs4506565 of TCF7L2 to T2DM (Table III).
TCF7L2 SNP rs4506565 had earlier been docu-

mented to be associated with T2DM with a vary-
ing degree among Lebanese11 and Tunisian
Arabs12 (Table IV) but no data was available on
the Saudi population. Non-Arab populations, such
as India6 and Sweden29, also documented a signifi-
cant association of this SNP to T2DM with an OR
of 1.48 (1.24–1.77; p < 0.0001) and 1.588 (1.251-
2.015; p < 0.0001), respectively. The present re-
port documents that SNP rs4506565 is strongly
associated with T2DM among the Saudi popula-
tion of the Eastern Province of Saudi Arabia.
Variants of T2DM susceptibility gene,

TCF7L2 show varying degree of association to
T2DM among various populations. In spite of the
inconsistency in replication of the results for sev-
eral of the variants, common variant rs4506546
has been found to be associated in most of the
populations studied, but not among Saudi and
Emirati populations. Hence, the previous data,
besides the results of present study, further sup-
port the hypothesis that Saudi population show
strong association with less common variants,
such as rs12255372 and rs4506565, than the
more common variant rs7903146. However, oth-
er than the functional variants of alternative
splicing, the precise role of these intronic SNPs
in the development of T2DM is yet to be charac-
terized, nevertheless, the TCF7L2 still remains a
T2DM susceptibility gene for Saudi populations
in Saudi Arabia and ethnically different popula-
tion groups worldwide.

Conclusions

The present study demonstrates that the less
common TCF7L2 variants, rs12255372 and
rs4506565, have the strongest association to
T2DM in the population of the Eastern Province

Population Association with T2DM expressed as O.R*

rs7903146 rs12255372 rs4506565 References

Iran - Yes - 21
Tunisia Yes Yes Yes 12
Lebanon Yes Yes Yes 11
United Arab Emirates No Yes - 22
Saudi Arabia (Central Province) No No/Weak - 13
Saudi Arabia (Eastern Province) No Yes Yes Present study

Table IV. Comparative analysis of SNPs in TCF7L2 gene for Arab populations

*Odds ratio



of Saudi Arabia rather than the common variant,
rs7903146. The present results, contrary to other
studies conducted on populations in the other
provinces of the Kingdom, indicate that TCF7L2
is a T2DM susceptibility gene for the population
of the Eastern Province of Saudi Arabia. Further
association studies are warranted to determine
whether other SNPs reported for this gene have a
significant association with T2DM in the Eastern
Province.

––––––––––––––––––––
Acknowledgements
The work was funded (No. 2012189) by Deanship of Scien-
tific Research, University of Dammam, Dammam, Kingdom
of Saudi Arabia.

–––––––––––––––––-––––
Conflict of Interest
The Authors declare that they have no conflict of interests.

References

1) DIABETES ATLAS 2013. International Diabetes Feder-
ation. Brussels, Belgium: edn: International Dia-
betes Federation, 2013: 6th ed. pp. 153.

2) SLADEK R, ROCHELEAU G, RUNG J, DINA C, SHEN L,
SERRE D, BOUTIN P, VINCENT D, BELISLE A, HADJADJ S,
BALKAU B, HEUDE B, CHARPENTIER G, HUDSON TJ,
MONTPETIT A, PSHEZHETSKY AV, PRENTKI M, POSNER BI,
BALDING DJ, MEYRE D, POLYCHRONAKOS C, FROGUEL P.
A genome-wide association study identifies novel
risk loci for type 2 diabetes. Nature 2007; 445:
881-885.

3) LYSSENKO V, LUPI R, MARCHETTI P, DEL GUERRA S, ORHO-
MELANDER M, ALMGREN P, SJÖGREN M, LING C, ERIKS-
SON KF, LETHAGEN AL, MANCARELLA R, BERGLUND G,
TUOMI T, NILSSON P, DEL PRATO S, GROOP L. Mecha-
nisms by which common variants in the TCF7L2
gene increase risk of type 2 diabetes. J Clin In-
vest 2007; 117: 2155-2163.

4) ZEGGINI E, MCCARTHY MI. TCF7L2: the biggest story
in diabetes genetics since HLA? Diabetologia
2007; 50: 1-4.

5) HAYASHI T, IWAMOTO Y, KAKU K, HIROSE H, MAEDA S.
Replication study for the association of TCF7L2
with susceptibility to type 2 diabetes in a Japan-
ese population. Diabetologia 2007; 50: 980-984.

6) CHANDAK GR, JANIPALLI CS, BHASKAR S, KULKARNI SR, MO-
HANKRISHNA P, HATTERSLEY AT, FRAYLING TM, YAJNIK CS.
Common variants in the TCF7L2 gene are strongly
associated with type 2 diabetes mellitus in the Indi-
an population. Diabetologia 2007; 50: 63-67.

7) LEHMAN DM, HUNT KJ, LEACH RJ, HAMLINGTON J, ARYA

R, ABBOUD HE, DUGGIRALA R, BLANGERO J, GÖRING

HH, STERN MP. Haplotypes of transcription factor
7-like 2 (TCF7L2) gene and its upstream region

3105

TCF7L2 variants and T2DM risk among Saudi population

are associated with type 2 diabetes and age of
onset in Mexican Americans. Diabetes 2007; 56:
389-393.

8) HELGASON A, PÁLSSON S, THORLEIFSSON G, GRANT SF,
EMILSSON V, GUNNARSDOTTIR S, ADEYEMO A, CHEN Y,
CHEN G, REYNISDOTTIR I, BENEDIKTSSON R, HINNEY A,
HANSEN T, ANDERSEN G, BORCH-JOHNSEN K, JORGENSEN

T, SCHÄFER H, FARUQUE M, DOUMATEY A, ZHOU J,
WILENSKY RL, REILLY MP, RADER DJ, BAGGER Y, CHRIS-
TIANSEN C, SIGURDSSON G, HEBEBRAND J, PEDERSEN O,
THORSTEINSDOTTIR U, GULCHER JR, KONG A, ROTIMI C,
STEFÁNSSON K. Refining the impact of TCF7L2 gene
variants on type 2 diabetes and adaptive evolu-
tion. Nat Genet 2007; 39: 218-225.

9) GRANT SF, THORLEIFSSON G, REYNISDOTTIR I, BENEDIKTS-
SON R, MANOLESCU A, SAINZ J, HELGASON A, STEFANS-
SON H, EMILSSON V, HELGADOTTIR A, STYRKARSDOTTIR U,
MAGNUSSON KP, WALTERS GB, PALSDOTTIR E, JONSDOT-
TIR T, GUDMUNDSDOTTIR T, GYLFASON A, SAEMUNDSDOT-
TIR J, WILENSKY RL, REILLY MP, RADER DJ, BAGGER Y,
CHRIST IANSEN C, GUDNASON V, SIGURDSSON G,
THORSTEINSDOTTIR U, GULCHER JR, KONG A, STEFANS-
SON K. Variant of transcription factor 7-like 2
(TCF7L2) gene confers risk of type 2 diabetes.
Nat Genet 2006; 38: 320-323.

10) GROVES CJ, ZEGGINI E, MINTON J, FRAYLING TM, WEE-
DON MN, RAYNER NW, HITMAN GA, WALKER M, WILT-
SHIRE S, HATTERSLEY AT, MCCARTHY MI. Association
analysis of 6,736 U.K. subjects provides replica-
tion and confirms TCF7L2 as a type 2 diabetes
susceptibility gene with a substantial effect on in-
dividual risk. Diabetes 2006; 55: 2640-2644.

11) NEMR R, ALMAWI AW, ECHTAY A, SATER MS, DAHER HS,
ALMAWI WY. Replication study of common variants
in CDKAL1 and CDKN2A/2B genes associated
with type 2 diabetes in Lebanese Arab population.
Diabetes Res Clin Pract 2012; 95: 37-40.

12) TURKI A, AL-ZABEN GS, MTIRAOUI N, MARMMUOCH H,
MAHJOUB T, ALMAWI WY. Transcription factor-7-like 2
gene variants are strongly associated with type 2
diabetes in Tunisian Arab subjects. Gene 2013;
513: 244-248.

13) ALSMADI O, AL-RUBEAAN K, MOHAMED G, ALKAYAL F,
AL-SAUD H, AL-SAUD NA, AL-DAGHRI N, MOHAMMAD S,
MEYER BF. Weak or no association of TCF7L2 vari-
ants with Type 2 diabetes risk in an Arab popula-
tion. BMC Med Genet 2008; 26: 72.

14) WHO REPORT 2006. Definition and diagnosis of
diabetes mell i tus and intermediate hyper-
glycemia. Editor.WHO/IDF, 2006; pp. 50.

15) DUTRA LA, COSTA PG, VELASCO LF, AMATO AA, BARRA

GB. Allele-specific PCR assay to genotype SNP
rs7903146 in TCF7L2 gene for rapid screening of
diabetes susceptibility. Arq Bras Endocrinol
Metabol 2008; 52: 1362-1366.

16) MCCARTHY MI, ZEGGINI E. Genome-wide associa-
tion studies in type 2 diabetes. Curr Diab Rep
2009; 9: 164-171.

17) DIABETES GENETICS INITIATIVE OF BROAD INSTITUTE OF

HARVARD AND MIT, LUND UNIVERSITY, AND NOVARTIS IN-
STITUTES OF BIOMEDICAL RESEARCH, SAXENA R, VOIGHT

BF, LYSSENKO V, BURTT NP, DE BAKKER PI, CHEN H, ROIX



3106

S. Acharya, A. Al-Elq, A. Al-Nafaie, M. Muzaheed, A. Al-Ali

JJ, KATHIRESAN S, HIRSCHHORN JN, DALY MJ, HUGHES

TE, GROOP L, ALTSHULER D, ALMGREN P, FLOREZ JC,
MEYER J, ARDLIE K, BENGTSSON BOSTRÖM K, ISOMAA B,
LETTRE G, LINDBLAD U, LYON HN, MELANDER O, NEW-
TON-CHEH C, NILSSON P, ORHO-MELANDER M, RÅSTAM L,
SPELIOTES EK, TASKINEN MR, TUOMI T, GUIDUCCI C,
BERGLUND A, CARLSON J, GIANNINY L, HACKETT R, HALL

L, HOLMKVIST J, LAURILA E, SJÖGREN M, STERNER M,
SURTI A, SVENSSON M, SVENSSON M, TEWHEY R, BLU-
MENSTIEL B, PARKIN M, DEFELICE M, BARRY R, BRODEUR

W, CAMARATA J, CHIA N, FAVA M, GIBBONS J, HANDSAK-
ER B, HEALY C, NGUYEN K, GATES C, SOUGNEZ C, GAGE

D, NIZZARI M, GABRIEL SB, CHIRN GW, MA Q, PARIKH
H, RICHARDSON D, RICKE D, PURCELL S. Genome-wide
association analysis identifies loci for type 2 dia-
betes and triglyceride levels. Science 2007; 316:
1331-1336.

18) ZEGGINI E, SCOTT LJ, SAXENA R, VOIGHT BF, MARCHINI

JL, HU T, DE BAKKER PI, ABECASIS GR, ALMGREN P, AN-
DERSEN G, ARDLIE K, BOSTRÖM KB, BERGMAN RN, BON-
NYCASTLE LL, BORCH-JOHNSEN K, BURTT NP, CHEN H,
CHINES PS, DALY MJ, DEODHAR P, DING CJ, DONEY AS,
DUREN WL, ELLIOTT KS, ERDOS MR, FRAYLING TM,
FREATHY RM, GIANNINY L, GRALLERT H, GRARUP N,
GROVES CJ, GUIDUCCI C, HANSEN T, HERDER C, HITMAN

GA, HUGHES TE, ISOMAA B, JACKSON AU, JØRGENSEN T,
KONG A, KUBALANZA K, KURUVILLA FG, KUUSISTO J,
LANGENBERG C, LANGO H, LAURITZEN T, LI Y, LINDGREN

CM, LYSSENKO V, MARVELLE AF, MEISINGER C, MIDTHJELL

K, MOHLKE KL, MORKEN MA, MORRIS AD, NARISU N,
NILSSON P, OWEN KR, PALMER CN, PAYNE F, PERRY JR,
PETTERSEN E, PLATOU C, PROKOPENKO I, QI L, QIN L,
RAYNER NW, REES M, ROIX JJ, SANDBAEK A, SHIELDS B,
SJÖGREN M, STEINTHORSDOTTIR V, STRINGHAM HM, SWIFT

AJ, THORLEIFSSON G, THORSTEINSDOTTIR U, TIMPSON NJ,
TUOMI T, TUOMILEHTO J, WALKER M, WATANABE RM,
WEEDON MN, WILLER CJ; Wellcome Trust Case
Control Consortium, Illig T, Hveem K, Hu FB,
Laakso M, Stefansson K, Pedersen O, Wareham
NJ, Barroso I, Hattersley AT, Collins FS, Groop L,
McCarthy MI, Boehnke M, Altshuler D. Meta-
analysis of genome-wide association data and
large-scale replication identifies additional sus-
ceptibility loci for type 2 diabetes. Nat Genet
2008; 40: 638-645.

19) CAUCHI S, EL ACHHAB Y, CHOQUET H, DINA C, KREM-
PLER F, WEITGASSER R, NEJJARI C, PATSCH W, CHIKRI M,
MEYRE D, FROGUEL P. TCF7L2 is reproducibly asso-
ciated with type 2 diabetes in various ethnic
groups: a global meta-analysis. J Mol Med 2007;
85: 777-782.

20) ALAMI FM, AHMADI M, BAZRAFSHAN H, TABARRAEI A,
KHOSRAVI A, TABATABAIEFAR MA, SAMAEI NM. Associa-
tion of the TCF7L2 rs12255372 (G/T) variant with

type 2 diabetes mellitus in an Iranian population.
Genet Mol Biol 2012; 35: 413-417.

21) SAADI H, NAGELKERKE N, CARRUTHERS SG, BENEDICT S,
ABDULKHALEK S, REED R, LUKIC M, NICHOLLS MG. As-
sociation of TCF7L2 polymorphism with diabetes
mellitus, metabolic syndrome, and markers of be-
ta cell function and insulin resistance in a popula-
tion-based sample of Emirati subjects. Diabetes
Res Clin Pract 2008; 80: 392-398.

22) NG MC, TAM CH, LAM VK, SO WY, MA RC, CHAN JC.
Replication and identification of novel variants at
TCF7L2 associated with type 2 diabetes in Hong
Kong Chinese. J Clin Endocrinol Metab 2007; 92:
3733-3737.

23) HUMPHRIES SE, GABLE D, COOPER JA, IRELAND H,
STEPHENS JW, HUREL SJ, LI KW, PALMEN J, MILLER MA,
CAPPUCCIO FP, ELKELES R, GODSLAND I, MILLER GJ, TAL-
MUD PJ. Common variants in the TCF7L2 gene
and predisposition to type 2 diabetes in UK Euro-
pean Whites, Indian Asians and Afro-Caribbean
men and women. J Mol Med (Berl) 2006; 84:
1005-1014.

24) PARRA EJ, CAMERON E, SIMMONDS L, VALLADARES A,
MCKEIGUE P, SHRIVER M, WACHER N, KUMATE J, KITTLES
R, CRUZ M. Association of TCF7L2 polymorphisms
with type 2 diabetes in Mexico City. Clin Genet
2007; 71: 359-366.

25) HAYASHI T, IWAMOTO Y, KAKU K, HIROSE H, MAEDA S.
Replication study for the association of TCF7L2
with susceptibility to type 2 diabetes in a Japan-
ese population. Diabetologia 2007; 50: 980-984.

26) HORIKOSHI M, HARA K, ITO C, NAGAI R, FROGUEL P,
KADOWAKI T. A genetic variation of the transcription
factor 7-like 2 gene is associated with risk of type
2 diabetes in the Japanese population. Diabetolo-
gia 2007; 50: 747-751.

27) BODHINI D, RADHA V, DHAR M, NARAYANI N, MOHAN V.
The rs12255372(G/T) and rs7903146(C/T) poly-
morphisms of the TCF7L2 gene are associated
with type 2 diabetes mellitus in Asian Indians. Me-
tabolism 2007; 56: 1174-1178.

28) FLOREZ JC, JABLONSKI KA, BAYLEY N, POLLIN TI, DE

BAKKER PI, SHULDINER AR, KNOWLER WC, NATHAN DM,
ALTSHULER D; Diabetes Prevention Program Re-
search Group. TCF7L2 polymorphisms and pro-
gression to diabetes in the Diabetes Prevention
Program. N Engl J Med 2006; 355: 241-250.

29) NORDMAN S, OSTENSON CG, EFENDIC S, GU HF. Loci
of TCF7L2, HHEX and IDE on chromosome 10q
and the susceptibility of their genetic polymor-
phisms to type 2 diabetes. Exp Clin Endocrinol
Diabetes 2009; 117: 186-190.


