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Abstract

Background: The purpose of this study was to investigate the effects of TCF7L2 on 
T2D in a Tunisian population, in a comparison with African Americans and Caucasians, 
studied before by Yan et al.

Methods: We investigated the association between the TCF7L2 rs7903146 
polymorphism and T2D in 464 Tunisian participants without diabetes who were 
inducted into the Atherosclerosis Risk and followed for 5 years.

Results: Compared with homozygous CC individuals, heterozygous CT and 
homozygous TT individuals had higher cumulative incidence of type 2 diabetes over 
5 years of follow-up: 8.68% (95% CI 7.46−9.59) vs. 10.60% (9.29−11.38) and 
12.49 (10.48−15.38) in Tunisians, respectively, and 11.3% (95% CI 10.2–12.4) vs. 
21.1% (20.8 –21.4) and 27.9% (19.3–36.5) in African Americans, respectively, and 
9.7% (8.8–10.6) vs. 11.3% (10.2–12.4) and 13.6% (11.1–16.1), respectively, in 
Caucasians. Individuals with the risk allele had the highest hazards of diabetes if they 
were obese and had low HDL cholesterol, followed by individuals with any one and 
none of the traits.

Conclusions: Our results describe the first significant evidence of association 
between the TCF7L2 rs7903146 polymorphism and type 2 diabetes risk in a Tunisian 
population, in a comparison with a comparative study between African Americans and 
Caucasians. We concluded that the diabetes risk carried by the rs7903146 risk allele 
is greatly increased in the context of some metabolic risk factors for type 2 diabetes. 
We also found that in that study, our findings on the Tunisian population are very close 
to the findings on the Caucasians. 

ABBREVIATIONS
CAD: Coronary Artery Disease; DNA: Deoxyribonucleic 

Acid; HbA1c: Glycosylated Hemoglobin A1c; HDL-C: HDL 
Cholesterol; LDL-C: LDL Cholesterol; HOMA-IR: Homeostasis 
Model Assessment of Insulin Resistance; PCR: Polymerase 
Chain Reaction; SNP: Single Nucleotide Polymorphism; TCF7L2: 
Transcription Factor 7-like 2; T2D: Type 2 Diabetes.

BACKGROUND 
Diabetes mellitus, the most frequent metabolic disorder, is 

characterized by chronic hyperglycemia due to defect in insulin 
secretion by beta cells of Langerhans islets or resistance against 
insulin action [1–3]. In 2013 it was reported that in Middle East 
region about 35 million people suffered from diabetes. The 
prevalence of diabetes has been estimated as 382 million people 
throughout the world while nearly 176 million of them seem to 
be still undiagnosed. It is predicted that this prevalence reaches 
to 592 million by 2035 [4]. 10 years ago, transcription factor 
7-like 2 (TCF7L2), located on chromosome 10q25.3, has been 
identified as a major T2D susceptibility gene [5]. Single nucleotide 
polymorphisms (SNPs) of TCF7L2 have been frequently 
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associated with T2D in populations of different ethnic descent, 
which makes TCF7L2 one of the most important locus known 
today to put a risk for T2D [6–8]. Among the most studied SNPs, 
variant rs7903146 was found to be most significantly associated 
with T2D risk [7,8]. The T-allele of this SNP has been described 
as either the causal risk variant or the closest correlate to an 
unidentified functional variant [9], possibly impairing glucagon-
like peptide-1–induced insulin secretion [10], but the exact 
mechanism still unclear. In addition, potential links between 
genetic variants of the TCF7L2 locus and CAD are uncertain. The 
purpose of our study was to investigate whether the rs7903146 
SNP of the TCF7L2 gene is associated with type 2 diabetes in 
a cohort of Tunisian middle-aged adults compared to African 
American and Caucasian participants of the Atherosclerosis Risk 
in Communities (ARIC) study [11]. Our second purpose was to 
evaluate whether the risk of type 2 diabetes was associated with 
the rs7903146 SNP in the context of metabolic impairments.

METHODS 

Patients

A total of 464 Tunisian participants aged 45–64 years, 
without diabetes who were inducted into the Atherosclerosis risk 
in Fattouma Bourguiba Hospital in 2011–2015 and followed for 
5 years, were diagnosed by angiography. Subjects were defined 
with cardiovascular disease when presenting a stenosis >50% 
in at least one major coronary artery. Subjects were defined 
without coronary artery disease when presenting a stenosis 
<50 in at least one major coronary artery. Hypertension was 
diagnosed as a blood pressure of higher than 140/90 mmHg, 
which was measured according to guidelines [12] and/or the 
current use of anti-hypertensive drugs. Diabetic subjects were 
defined by a fasting plasma glucose >7.0 mmol/L, or by the use 
of anti-diabetic drugs [13]. Obese subjects were defined by a BMI 
>30.0 Kg/m2. Elevated waist circumference was defined as waist 
circumference Š102 cm in men or Š88 cm in women [14]. Data 
on age, sex, smoking, and smoking history were collected from 
the participants’ medical records or by direct interviews. Plasma 
total cholesterol levels, HDL cholesterol, and triglyceride levels 
were measured by enzymatic methods, and LDL cholesterol 
was calculated [15]. Low HDL was defined as <40 mg/dl in men 
and <50 mg/dl in women. High LDL was defined as >160 mg/
dl, and high triglyceride levels were defined as >200 mg/dl 
[16]. Insulin was measured by radioimmunoassay (125 Insulin 
Kit; Cambridge Medical Diagnostics, Billerica, MA). Physical 
activity was quantified using a slightly modified version of 
the Baecke physical activity questionnaire [17] that classified 
work, sport, and leisure activities into categories ranging from 
one (low) to five (high). Impaired fasting glucose was defined 
by a fasting glucose level between 100 and 125 mg/dl [18]. 
Homeostasis model assessment of insulin resistance (HOMA-IR) 
was calculated using the following formula: fasting serum insulin 
(µU/ml) × fasting glucose (mmol/l)/22.5 [19]. Predicted diabetes 
risk was defined as the probability of developing diabetes over 
the 5-year follow-up period, which is predicted by a model that 
includes age at baseline, race, and parental history of diabetes, 
fasting glucose, systolic blood pressure, waist circumference, 
height, HDL cholesterol, and triglycerides [20]. This study was 
approved by our hospital ethical committee chaired by Pr Fekri 

Abroug, the reported investigations have been carried out in 
accordance with the principles of the Declaration of Helsinki as 
revised in 2008. All participants were of Tunisian origin and gave 
their informed consent for this study.

SNP genotyping

TCF7L2 polymorphism rs7903146 was genotyped using 
Taqman assays (Applied Biosystems, Foster City, CA). Laboratory-
designed probes were obtained from Applied Biosystems and 
primers from Integrated DNA Technologies (Coralville, IA). All 
PCR reactions took place in optical 384-well reaction plates 
(Applied Biosystems). 

Statistical analysis

All analyses were stratified by race to crudely account for 
population stratification as previously described by Yan et al 
[11]. 

RESULTS 
Selected baseline characteristics of are presented by race 

and genotype status in Table 1. A total of 393 (15.30%), 485 
(17.8%) and 923 (9.9%) incident type 2 diabetes cases were 
identified among Tunisian, African American and Caucasian ARIC 
participants, respectively (Table 2). The rs7903146 T-allele was 
observed with similar frequency in Tunisian, African American 
and Caucasian individuals but was more common among incident 
type 2 diabetes cases than non-cases in the three races (Table 
2). The risk of type 2 diabetes was highest among TT individuals, 
followed by CT individuals, and lowest among CC individuals in 
all studied races (Table 2). The risk of type 2 diabetes was higher 
in African Americans than in Tunisians and Caucasians with the 
same genotype.

We identified obesity and low HDL as important effect-
measure modifiers, although 95% CIs of some individual ICRs 
were wide (Table 3). Individuals with one or two T-alleles had the 
highest HRs of developing type 2 diabetes if they were obese and 
had low HDL, followed by individuals with any one of these two 
risk factors and lowest among those with none of the traits (Table 
4). Homozygous individuals (TT) with two metabolic risk factors 
had the highest HR of type 2 diabetes 10.01 [95% CI 9.26−13.03] 
in Tunisians, (6.04 [95% CI 3.70 –9.87] in African Americans and 
9.35 [6.72–13.00] in Caucasians) compared with CC individuals 
with none of these three races. A similar trend was observed for 
risk differences and risks of type 2 diabetes. 

When each effect measure modifier was studied separately, 
a larger ICR for obesity (P=0.01; P= 0.02) in Tunisians and 
Caucasians respectively, and a larger ICR for low HDL cholesterol 
(P = 0.004) in African Americans were observed (Table 3), but 
testing by bootstrapping [21] did not support significant racial 
differences.

DISCUSSION
In the current study, we investigate whether the rs7903146 

SNP of the TCF7L2 gene is associated with type 2 diabetes in 
a cohort of Tunisian middle-aged adults compared to African 
American and Caucasian participants of the Atherosclerosis Risk 
in Communities (ARIC) study [20]. We also evaluated whether 
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Table 2: Genotypic frequency of TCF7L2 rs7903146 presented by race and incident type 2 diabetes status, cumulative incidence of type 2 diabetes by 
race and genotype over 9 years of follow-up, and estimated HRs of rs7903146 on type 2 diabetes by race: the ARIC study*:
Geno-
type

African American: ref. Yan et al, 
2009 [11]

Caucasian: ref. Yan et al, 2009 [11] Tunisian popoulation

Controls/
cases

Cumu-
lative 

incidence 
(%)

(95% CI)

HR 
(95% 
CI)†

P‡ Controls/
cases

Cumu-
lative 

incidence 
(%)

(95% CI)

HR 
(95% 
CI)†

P‡ Controls/
cases

Cumulative inci-
dence (%)

(95% CI)

HR (95% CI)† P‡

N

CC

CT

TT

T-allele 
(%)

2,242/485

1,156 
(52)/225 

(46)

921 
(41)/212 

(44) 

165 (7)/48 
(10)

28/32

20.6 
(18.7–
22.5)

11.3 
(10.2–
12.4)

21.1 
(20.8–
21.4)

27.9 
(19.3–
36.5)

1.00

1.17 
(1.02–
1.34)

1.36 
(1.03–
1.79)

0.03

8379/923

4,295 
(51)/430 (47)

693 
(8)/101(11)

3,391 
(40)/392 (42)

29/32

10.7 
(10.0–
11.4)

9.7 (8.8–
10.6)

11.3 
(10.2–
12.4)

13.6 
(11.1–
16.1)

1.00

1.18 
(1.07–
1.30)

1.38 
(1.14–
1.68)

<0.01

393/71

192 (49)/32 
(42)

 39 (10)/11 
(13)

162 (36)/28 
(36)

25/30

9.98(9.37−10.35)

8.68(7.46−9.59)

10.60(9.29−11.38)

12.49(10.48−15.38)

1.00

1.18(1.11−1.28)

1.39(1.15−1.71)

<0.01

*The Genotypic distributions were in agreement with Hardy-Weinberg equilibrium in African Americans, Caucasians and Tunisians. †Adjusted for 
age at baseline, study center, and sex. ‡P value for HR from additive models.

Table 3: Association of TCF7L2 rs7903146 with type 2 diabetes modified by obesity and low HDL cholesterol over 9 years of follow-up in ARIC*

Characteristics HR (95% CI) †

CC genotype CT genotype TT genotype         ICR (95% CI) P‡

African-American: ref. Yan et al, 
2009 [11] Obesity

No
Yes

1
2.91 (2.25–3.76)

1.32 (1.08–1.61)
3.18 (2.49–4.07)

1.74 (1.16–2.61)
3.48 (2.44–4.95)

—0.05 (—0.66 to 0.57) 0.88

Low HDL

No
Yes

1
1.45 (1.12–1.88)

   1.05 (0.87–1.26)
2.07 (1.66–2.58)

1.10 (0.77–1.58)
2.96 (2.08–4.20)

0.57 (0.18–0.96) 0.004

Caucasian: ref. Yan et al, 2009 [11] 
Obesity
No
Yes

1
3.55 (2.96–4.25)

1.21 (1.06–1.37)
4.44 (3.76–5.25)

1.45 (1.12–1.88)
5.56 (4.30–7.19)

0.69 (0.10–1.27) 0.02

Low HDL

No
Yes

1
2.67 (2.21–3.21)

1.20 (1.03–1.40)
3.14 (2.64–3.74)

1.44 (1.06–1.96)
3.69 (2.91–4.69)

0.27 (—0.11 to 0.66) 0.16

Tunisian Population
Obesity
No
Yes

1
3.26 (2.57−4.28)

1.18 (1.01−1.37)
4.53 (3.27−6.01)

1.41 (1.09−1.86)
3.74 (3.01−4.59)

0.71 (0.12−1.32) 0.01

Low HDL

No
Yes

1
2.54 (2.21−3.48)

1.19 (1.12−1.39)
3.27 (2.17−3.89)

1.39 (1.14−1.93)
3.79 (2.98−4.78)

0.28 (—0.13 to 0.71) 0.09

†Adjusted for age at baseline, study center, and sex. ‡P value for ICR.
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Table 4: Association of TCF7L2 rs7903146 with type 2 diabetes* modifted by the number of metabolic risk factors (obesity and low HDL cholesterol):

No. of 
abnormal

metabolic 
traits†

African American: ref. Yan et al, 2009 
[11] Caucasian: ref. Yan et al, 2009 [11] Tunisian population

CC 
genotype

CT 
genotype

TT 
genotype

CC 
genotype

CT 
genotype

TT 
genotype CC genotype CT 

genotype
TT 

genotype

None 1 1.14 (0.88–
1.48)

1.30 (0.77–
2.20) 1 1.19 (0.98–

1.44)
1.42 (0.97–

2.09) 1 1.20 
(0.97−1.45)

1.41 
(0.89−2.11)

One 2.31 (1.71–
3.12)

2.70 (2.04–
3.58)

3.16 (2.15–
4.65)

2.46 (1.96–
3.08)

3.09 (2.50–
3.82)

3.88 (2.93–
5.16)

3.13 
(2.01−3.12)

4.10 
(3.04−5.23)

4.78 
(3.87−5.84)

Two 3.49 (2.46–
4.95)

4.59 (3.33–
6.33)

6.04 (3.70–
9.87)

6.77 (5.33–
8.62)

7.96 (6.34–
9.98)

9.35 (6.72–
13.00)

7.16 
(6.35−8.45)

8.35 
(7.28−9.47)

10.01 
(9.26−13.03)

Data are HR (95% CI). *Adjusted for age at baseline, study center, and sex. †Abnormal metabolic traits included obesity, low HDL cholesterol.

the risk of type 2 diabetes was associated with the rs7903146 
SNP in the context of metabolic impairments. We found that 
the rs7903146 polymorphism was significantly associated with 
type 2 diabetes risk in our Tunisian Population, as is the case for 
African Americans and Caucasians according to Yan et al [11]. 
Our findings are in agreement with a recent study of Muendlein 
et al, they investigate three SNPs (rs7903146, rs12255372, and 
rs11196205) of TCF7L2 and conclude that the three variants are 
significantly associated with angiographically diagnosed CAD and 
that this association is significantly modulated by the presence of 
T2DM [21]. The rs7903146 polymorphism was studied by other 
teams on African-ancestry, they found a significant association of 
this variant with type 2 diabetes [22-24], but none of these two 
studies were population based.

The larger part of actual literature proposes that TCF7L2 is 
associated with impaired insulin secretion but not with increased 
insulin resistance [25,26]. We found, for our Tunisian population, 
a slightly lower fasting insulin and HOMA-IR concentration 
among individuals with the T-(risk) allele, suggestive of impaired 
insulin secretion. It’s the same for the African Americans and 
the Caucasians [11]. Interestingly, precedent studies have found 
that frequencies of the T allele are lowest in North-America and 
Europe (with a gradient of increasing frequency from North to 
South), moderate in Asia, and highest in Africa [24,27,28].

Our findings illustrated in Table (2) tell that the risk of type 
2 diabetes was greatly increased among rs7903146 T-allele 
carriers with obesity and low HDL cholesterol in comparison 
with those CC individuals with HDL in the normal range who 
were lean. There is powerful proof that abnormal metabolic 
traits including obesity and dyslipidemia aggregate in T2D and 
their relatives (29,30).

CONCLUSIONS
Our results describe the first significant evidence of 

association between the TCF7L2 rs7903146 polymorphism and 
type 2 diabetes risks in a Tunisian population, in a comparison 
with a comparative study between African Americans and 
Caucasians. We concluded that the diabetes risk carried by the 
rs7903146 risk allele is greatly increased in the context of some 
metabolic risk factors for type 2 diabetes. We also found that 
in that study, our findings on the Tunisian population are very 
close to the findings on the Caucasians. Furthermore, our study 

findings need to be reproduced in other large, population-based 
studies.
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