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ABSTRACT

The response to metformin, the most commonly used drug for the treatment of type 2 diabetes (T2D), is highly variable. The common variant
157903146 C>T within the transcription factor 7-like 2 gene (TCFE7Lz2) is the strongest genetic risk factor associated with T2D to date. In this
study, we explored the effects of the TCF7L2 rs7903146 genotype on metformin response in T2D. The study included 86 newly diagnosed
patients with T2D, incident users of metformin. Levels of fasting glucose, insulin, HbA , total cholesterol, HDL-cholesterol, LDL-cholesterol,
triglycerides, and anthropometric parameters were measured prior to metformin therapy, and 6 and 12 months after the treatment. Genotyping
of the TCF7L2 157903146 was performed by the Sequenom MassARRAY® iPLEX® platform. At baseline, the diabetes risk allele (T) showed an
association with lower triglyceride levels (p = 0.037). After 12 months of metformin treatment, the T allele was associated with 25.9% lower fast-
ing insulin levels (95% CI 10.9-38.3%, p = 0.002) and 29.1% lower HOMA-IR index (95% CI 10.1—44.1%, p = 0.005), after adjustment for baseline
values. Moreover, the T allele was associated with 6.7% lower fasting glucose levels (95% CI 1.1-12.0%, p = 0.021), adjusted for baseline glucose
and baseline HOMA-%B levels, after 6 months of metformin treatment. This effect was more pronounced in the TT carriers who had 16.8%
lower fasting glucose levels (95% CI 7.0—25.6%, p = 0.002) compared to the patients with CC genotype. Our results suggest that the 7CF7L2
1s7903146 variant affects markers of insulin resistance and glycemic response to metformin in newly diagnosed patients with T2D within the

first year of metformin treatment.
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INTRODUCTION

Metformin is the most commonly used drug in the
treatment of type 2 diabetes (T2D). It is recommended as the
first-line therapy for T2D based on its efficacy, safety, low cost,
and extensive use [1]. However, there is a considerable interin-
dividual variability in the therapeutic response to metformin.
It has been shown that common genetic variants affect met-
formin glycemic response, explaining up to 34% variation in
hemoglobin Aic (HbA ) reduction with this drug [2]. In can-
didate gene studies, the pharmacokinetic gene variants have

not shown a consistent and significant effect on metformin
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glycemic response in patients with T2D [3]. Furthermore,
only two genome-wide signals associated with metformin
clinical response have been discovered to date [4,5]. Thus,
genetic factors influencing metformin response are yet to be
revealed.

In a recent study on the acute response to metformin
and glipizide (Study to Understand the Genetics of the
Acute Response to Metformin and Glipizide in Humans
[SUGAR-MGHY]), the rs7903146 C>T variant in the tran-
scription factor 7-like 2 (TCF7L2) gene was associated with
a greater decline in fasting glucose levels after metformin
administration in individuals without diabetes [6]. This sin-
gle nucleotide polymorphism (SNP) is the strongest genetic
risk factor associated with T2D till date [7], although the
underlying mechanism is not clear. TCF7L2 is a part of
the canonical (B-catenin-dependent) Wnt signaling path-

way, which regulates organogenesis. Without [-catenin,

368



Tanja Dujic, et al.: TCF7L2 and metformin response

TCF7L2 binds to Wnt-target genes and represses their
transcription, whereas the complex formed between p-cat-
enin and TCF7L2 enhances the gene expression. TCF7L2
is expressed in many cells and tissues, including p-cells,
adipose tissue, the liver, gut, and brain. Different mecha-
nisms have been proposed for the increased risk of T2D
associated with the rs7903146 T allele. Most of the stud-
ies suggest that TCF7L2 plays a key role in -cell function
and that progressive loss of insulin secretion might be the
main mechanism by which carriers of the risk T allele are
predisposed to develop T2D, although the exact molecular
mechanisms are still unknown [7].

The pharmacogenetic effect of the TCF7L2 variant on
a therapeutic response to hypoglycemic agents has been
explored in only a few studies. The T allele was associated
with an increased risk of sulfonylurea treatment failure [8,9],
whereas it showed no effect on the therapeutic response in
metformin-treated patients [8]. However, a recent study sug-
gested that 7CF7L2 could be implicated in both, sulfonylurea
and metformin response [6].

In this study, we aimed to explore the effects of the TCF7L2
1s7903146 genotype on the metformin response in patients
with newly diagnosed T2D.

MATERIALS AND METHODS

Study population

The study population included newly diagnosed patients
with T2D from the Clinic for Endocrinology and Diabetes,
University Clinical Centre of Sarajevo, who were prescribed
metformin as their first anti-hyperglycemic therapy. All
research was done in accordance with the ethical principles
of the Declaration of Helsinki. The study was approved by the
International University of Sarajevo Ethics Committee (ethi-
cal approval number 3-29-2013), and written informed con-
sent was obtained from each participant.

Eighty-six patients who were diagnosed with T2D after
35 years of age were enrolled in the study. We excluded indi-
viduals with chronic gastrointestinal diseases, including
chronic liver disease, gastroduodenal ulcer, chronic pancreati-
tis, cholelithiasis, and inflammatory bowel disease, as well as
individuals with chronic kidney disease, infection, endocrine
disorders, and hormonal therapy.

Anthropometric and biochemical parameters were mea-
sured prior to metformin initiation. After 6 and 12 months of
metformin treatment, measurements were repeated, and any
changes in T2D therapy, use of other medications, or pres-
ence of side effects were recorded. Patients who discontinued
metformin or were prescribed another anti-hyperglycemic
agent, within the first 6 months of metformin initiation, were
excluded.

Biochemical measurements

The fasting glucose, insulin, HbA , total cholesterol,
(HDL)-cholesterol, low-density

lipoprotein (LDL)-cholesterol, triglycerides, and creatinine

high-density lipoprotein

levels were measured prior to metformin therapy, and 6 and
12 months after the treatment. All analyses were conducted at
the Department for Clinical Chemistry and Biochemistry of
the University Clinical Centre of Sarajevo, according to stan-
dard International Federation of Clinical Chemistry (IFCC)
protocols, with internal and external quality control.

The Cockeroft-Gault formula was used to estimate cre-
atinine clearance. The homeostasis model assessment insu-
lin resistance (HOMA-IR) index was calculated as: fasting
insulin (pmol/l) x fasting glucose (mmol/l)/156.26 [10].
The homeostasis model assessment of P-beta cell func-
tion (HOMA-%B) was estimated as: (2.88 x fasting insulin
(pmol/1))/(fasting glucose (mmol/l) - 3.5) [10].

Genetic analysis

Genomic DNA was isolated from the whole blood using
Miller’s protocol [11] and QIAamp DNA Blood Midi Kit
(Qiagen, Hilden, Germany). The TCF7L2 rs7903146 C>T vari-
ant was genotyped using Sequenom MassARRAY® iPLEX®
platform (Agena Bioscience, Inc., San Diego, California, USA)
at the Lund University Diabetes Centre, Lund University,
Malmo, Sweden. Genotyping included internal positive and
negative control samples. The minor T allele frequency was
0.38. The genotype distribution was in accordance with the
Hardy-Weinberg equilibrium (p > 0.05).

Statistical analysis

The differences in clinical and biochemical variables before
and after metformin treatment were tested using a paired ¢-test
for normally distributed parameters and Wilcoxon signed-
rank test for non-normally distributed data. Comparison of
quantitative variables before treatment between different
genotype groups was performed by ANOVA test for trend
for normally distributed variables and by Jonckheere’s trend
test for skewed data, whereas the comparison of categorical
variables was performed with the Cochran-Armitage trend
test. The association of the variant with clinical and biochem-
ical parameters after metformin treatment was tested under
an additive genetic model using a linear regression analysis,
adjusted for baseline parameter value, average creatinine
clearance, treatment duration, average metformin daily dose,
and change in body weight during treatment period (except
for weight and body mass index [BMI] analysis). For lipid lev-
els, analyses were also adjusted for lipid-lowering treatment

(ves or no). Non-normally distributed variables assessed as
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outcomes in the linear regression models were logarithmically
transformed before analysis. Statistical analyses were per-
formed using SAS 9.3 program (SAS Institute Inc., Cary, NC).
The threshold for statistical significance was p < 0.05.

RESULTS

From the total of 86 patients included in the study, 4 patients
discontinued metformin within the first 6 months of treatment
dueto severe gastrointestinal side effects. From 82 patients who
completed 6 months of metformin treatment, 68 individuals
were followed up for additional 6 months (12 months in total).

The clinical and biochemical parameters before metformin
initiation, and 6 and 12 months after the treatment are shown
in Table 1. There was a significant decrease in weight, BMI,
fasting glucose, fasting insulin, HOMA-IR, and HbA _levels
after both treatment periods, whereas total cholesterol and
HDL-cholesterol concentrations were higher after 6 months
of metformin treatment (Table 1).

The baseline clinical and biochemical characteristics of
patients according to the TCF7L2 rs7903146 genotypes are
shown in Table 2. There was a significant difference in tri-
glyceride levels between the genotype groups. The risk T allele
was associated with lower concentrations of triglycerides,

TABLE 1. Clinical and biochemical parameters of newly diagnosed T2D patients before and 6 and 12 months after metformin treatment

Parameter Before After 6 months of After 12 months of sl "
treatment (n=86) treatment (n=82) treatment (n=68)
Age (years) 58.0+9.1 58.1£9.1 58.4+9.2 - -
Females/males (females %) 49/37 (57.0%) 45/37 (54.9%) 36/32 (52.9%) - -
Weight (kg) 89.9+15.8 86.0+16.1 84.9+15.7 <0.001 <0.001
BMI (kg/m?) 31.1+4.2 29.7+4.3 29.2+3.7 <0.001 <0.001
Fasting glucose (mmol/l) 8.1(7.5-9.2) 7.0 (6.2-7.8) 7.2 (6.3-7.8) <0.001 <0.001
Fasting insulin (pmol/l) 100.0(60.0-166.0) 79.0 (483-118.5)" 75.0 (47.8-117.0)* 0.001 <0.001
HOMA-IR 54 (3.0-85) 34 (1.9-5.7)* 3.6 (2.0-5.6) <0.001 <0.001
HOMA-%B 594 (34.9-99.7) 69.6 (39.0-110.6)* 63.8 (40.4-91.8)* 0.621 0.798
HbAk (%) 7.3(6.9-8.1) 6.7 (64-7.0) 6.6 (6.2-7.2) <0.001 <0.001
Total cholesterol (mmol/l) 53+1.3 56+14 55+1.5 0.023 0.106
HDL-cholesterol (mmol/1) 1.10+0.25 1.17+0.32 1.15+0.31 0.009 0.326
LDL-cholesterol (mmol/I) 3.18+1.19 3.38+1.12 3.33+1.13 0.111 0.078
Triglycerides (mmol/l) 2.11 (1.47-3.17) 2.00 (1.45-2.73) 1.91 (1.36-2.62) 0.866 0.069
Creatinine (Umol/l) 783+17.8 76.2+16.7 73.6+17.6 - -
Creatinine clearance (ml/min) 109.4+31.2 109.7+30.6 109.4+30.8 - -

Average metformin daily dose (mg)

1000 (834-1500)

1000 (1000—1700)

p1 and p2 values refer to the significance of paired t-test for data presented as mean=+SD, and Wilcoxon signed-rank test for data presented as

median (interquartile range). p1 - significance of the difference in variables before treatment and 6 months after the treatment. p2 - significance of
the difference in variables before treatment and 12 months after the treatment. *Fasting insulin, HOMA-IR, and HOMA-%8 levels were available for
56 patients after 6 months of treatment, and for 61 patients after 12 months of treatment. HDL: High-density lipoprotein; LDL: Low-density lipoprotein;
BMI: Body mass index; HOMA-IR: Homeostasis model assessment insulin resistance; HOMA-%B: Homeostasis model assessment of 3-beta cell function;

HbA, : Hemoglobin Alc

TABLE 2. Baseline characteristics of the study participants according to the TCF7L2rs7903146 genotypes

Parameter CC (n=37) CT (n=33) TT (n=16) P

Age (years) 58.7+8.8 56.9+9.6 58.6+8.8 0.967
Females/males (females %) 22/15 (59.5%) 17/16 (51.5%) 10/6 (62.5%) 0.992
Weight (kg) 90.2+15.8 924+14.9 83.9+16.7 0.185
BMI (kg/m?) 31.1+4.4 31.7+4.2 30.0+3.9 0.371
Fasting glucose (mmol/l) 8.0 (7.5-9.0) 82(7.6-97) 84 (6.7-9.0) 0.734
Fasting insulin (pmol/l) 122.0 (72.2-186.0) 74.0 (53.4—140.5) 81.7 (57.0-127.0) 0.140
HOMA-IR 6.5(3.9-89) 4.2 (2.7-8.1) 44 (2.7-6.1) 0.179
HOMA-%B 74.8 (43.2-1124) 489 (33.7-80.8) 43.9 (35.7-59.2) 0.063
HbAk (%) 7.5(7.0-8.6) 7.3(69-7.8) 7.3(7.2-9.0) 0.616
Total cholesterol (mmol/l) 53+1.3 54+1.3 4.9+1.3 0.278
HDL-cholesterol (mmol/1) 1.09+0.27 1.10+0.21 1.14+0.29 0.534
LDL-cholesterol (mmol/l) 3.14+1.25 341+1.19 2.85+1.04 0430
Triglycerides (mmol/l) 2.24-(1.61-3.26) 2.16 (1.59-2.72) 1.53 (1.04-2.08) 0.037
Creatinine (umol/l) 77.5+19.9 78.7+14.2 79.1+20.5 0.773
Creatinine clearance (ml/min) 109.7+36.0 113.3+26.8 100.8+27.7 0.342

p values refer to the significance of ANOVA trend test, Jonckheere’s trend test, and Cochran-Armitage trend test, for data presented as mean+SD,

median (interquartile range), or numbers (percentages), respectively. LDL: Low-density lipoprotein; BMI: Body mass index; HOMA-IR: Homeostasis model
assessment insulin resistance; HOMA-%B: Homeostasis model assessment of B-beta cell function; HbA, : Hemoglobin A1c; HDL: High-density lipopro-

tein; TCF7/L2: Transcription factor 7-like 2
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before metformin initiation (p = 0.037). There was also a trend
of T allele association with lower HOMA-%B, although this
did not reach statistical significance (p = 0.063).

Next, we explored the association of the rs7903146
T allele with anthropometric and biochemical variables
after 6 and 12 months of metformin therapy, using the lin-
ear regression analysis (Table 3). There were no significant
differences in changes in anthropometric and glycemic
parameters, HOMA-%B, or lipid levels. However, the risk T
allele showed an association with lower fasting insulin lev-
els (B = -0.130, SE = 0.040, p = 0.002) and lower HOMA-IR

index (B = -0.149, SE = 0.051, p = 0.005), after 12 months of

metformin treatment (Table 3). Each copy of T allele was asso-
ciated with 25.9% (95% confidence interval [CI] 10.9-38.3%)
lower insulin levels (Figure 1), and 29.1% (95% CI 10.1—44.1%)
lower HOMA-IR values (Figure 2).

As differences in metformin response may be more pro-
nounced between the CC and TT homozygous carriers, we fur-
ther compared these two genotype groups using the same linear
regression models. In line with the results of the additive genetic
model, the TT carriers had lower fasting insulin levels ( = -0.274,
SE = 0.086, p = 0.003) and lower HOMA-IR index (p = -0.314,

TABLE 3. Association of the TCF7L2 rs7903146 T allele with
metabolic parameters after 6 and 12 months of metformin
treatment, adjusted for the baseline parameter value

Parameter Beta SE P

Weight after 6 months (kg) 0.314 0518 0546
Weight after 12 months (kg) 1.040 0.651 0.115
BMI after 6 months (kg/m?) 0.043 0.183 0.816
BMI after 12 months (kg/m?) 0.259 0.226 0.256
Fasting glucose after 6 months (mmol/l)* -0.023 0012 0.064
Fasting glucose after 12 months (mmol/1)* -0.018 0.017 0284
Fasting insulin after 6 months (pmol/l)* -0.064 0.055 0.245
Fasting insulin after 12 months (pmol/])* -0.130 0.040 0.002
HOMA-IR after 6 months* -0.094 0.063 0.140
HOMA-IR after 12 months* -0.149 0.051 0.005
HOMA-%B after 6 months* -0.009 0.056 0.880
HOMA-%B after 12 months* -0.066 0.040 0.102
HbA  after 6 months (%) -0.003 0.006 0.595
HbAk after 12 months (%)* -0.009 0.009 0.350
Total cholesterol after 6 months (mmol/l) -0.021 0.178 0.905
Total cholesterol after 12 months (mmol/I) -0.377 0.208 0.076
HDL-cholesterol after 6 months (mmol/l) -0.037 0.040 0.352
HDL-cholesterol after 12 months (mmol/1) 0.011 0.044 0.803
LDL-cholesterol after 6 months (mmol/l) 0.047 0.133 0.726
LDL-cholesterol after 12 months (mmol/I) -0.146 0.162 0.373
Triglycerides after 6 months (mmol/I)* -0.044 0.027 0.109
Triglycerides after 12 months (mmol/l)* -0.055 0.029 0068

*Data were log-transformed before the analysis. Linear regression
analysis included 82 patients for variables after 6 months of treatment
and 68 patients for variables after 12 months of treatment. Analyses of
fasting insulin, HOMA-IR, and HOMA-%B levels included 56 patients after
6 months of treatment and 61 patients after 12 months of treatment.
LDL: Low-density lipoprotein; HDL: High-density lipoprotein; BMI: Body
mass index; HOMA-IR: Homeostasis model assessment insulin resistance;
HOMA-9%B: Homeostasis model assessment of B-beta cell function;
HbA, : Hemoglobin Alc; TCF7L2: Transcription factor 7-like 2

SE = 0.110, p = 0.008) after 12 months of metformin therapy,
compared to patients with the CC genotype. Furthermore, the
TT carriers showed 11.5% (95% CI 0.6—21.2%) lower fasting glu-
cose concentrations after 6 months of treatment compared to
the CC homozygotes (3 = -0.053, SE = 0.025, p = 0.040).
Considering that the rs7903146 T allele showed a trend of
association with lower HOMA-%B levels before metformin
initiation, we performed additional exploratory analyses of
the effect of the T allele on glucose and HbA _levels after met-
formin treatment, in regression models adjusted for baseline
HOMA-%B. Inthe additive genetic model, the T allele was asso-
ciated with 6.7% (95% CI 1.1—12.0%) lower fasting glucose levels
after 6 months of metformin treatment [p = -0.030, SE = 0.013,

p = 0.021] (Figure 3). This effect was more pronounced in the
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FIGURE 1. Association between the TCF/L2 rs7903146 variant
and fasting insulin levels after 12 months of metformin treat-
ment. Data are presented as model-adjusted means and 95% Cls
(back-transformed to original scale). 7CF7L2 Transcription factor
7-like 2.
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FIGURE 2. Association between the TCF/L2 rs7903146 variant
and HOMA-IR index after 12 months of metformin treatment. Data
are presented as model-adjusted means and 95% Cls (back-trans-
formed to original scale). TCF7L2: Transcription factor 7-like 2;
HOMA-IR: Homeostasis model assessment insulin resistance.
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FIGURE 3. Association between the TCF7L2 rs7903146 variant
and fasting glucose levels after 6 months of metformin treatment,
adjusted for baseline HOMA-%B values. Data are presented as
model-adjusted means and 95% Cls (back-transformed to original
scale). TCF7L 2 Transcription factor 7-like 2; HOMA-%B: Homeostasis
model assessment of 3-beta cell function.

TT carriers who had 16.8% (95% Cl 7.0-25.6%) lower glucose
levels compared to the patients with the CC genotype, after
6-month therapy (B = -0.080, SE = 0.024, p = 0.002). Still, the
effect of the 7CF7L2 variant on HbA levels was not signifi-

cant (data not shown).
DISCUSSION

The common TCF7L2 rs7903146 variant is the strongest
genetic risk factor associated with T2D to date. Different
underlying mechanisms of this association have been pro-
posed, including the effect on P-cell proliferation, insulin
synthesis, processing, and secretion, and impaired incretin
response [7]. Most of the studies suggest that the rs7903146
variant affects B-cells and insulin secretion. As metformin
acts primarily by improving insulin action, the pharmaco-
genetic effect of this variant on metformin response in T2D
was explored in only one study and with negative results [8].
The results of our study, however, suggest that the TCF7L2
1s7903146 variant influences response to metformin in
patients with T2D.

Before metformin initiation, the risk T allele showed a
trend of association with a lower HOMA-%B index. This
finding is in line with most of the previous studies, which
found an association between the T allele and decreased
B-cell function [12,13]. The T allele was also associated with
lower baseline triglyceride levels in our study, which is again
in accordance with the earlier studies [14]. Despite its known
association with T2D, the T allele showed a protective effect
against elevated fasting triglycerides in a large meta-analysis
which included over 50,000 patients with T2D [14]. Although

the mechanism for this is unknown, it is possible that TCF7L2
expression has opposite effects on plasma glucose and lipid
levels. In animal models, impaired Wnt signaling was associ-
ated with decreased TCF7L2 expression and elevated de novo
lipogenesis in the liver, resulting in high plasma triglyceride
levels [15]. In addition, a number of studies demonstrated an
association of the T allele with lower BMI [16]. In our study,
the TT carriers had lower body weight and lower BMI; how-
ever, this was not statistically significant.

After 12 months of metformin treatment, the T allele was
associated with lower fasting insulin and lower HOMA-IR
levels. As all the analyses were adjusted for baseline values, the
T allele was associated with a greater decline in fasting insulin
and HOMA-IR. The beneficial effect of the rs7903146 variant
on markers of insulin resistance after metformin treatment
has not been reported before. Furthermore, when the two
homozygous genotype groups were compared, the TT car-
riers had lower fasting glucose levels after 6 months of treat-
ment, compared with the CC homozygotes. This indicates
that, in addition to lower insulin resistance, the TT carriers
also have a better glycemic response to metformin, compared
with the patients with CC genotype. These findings are in
line with the recent SUGAR-MGH study [6], which showed
an association between the T allele and a greater decline in
fasting glucose levels after administration of four doses of
500 mg metformin in individuals without diabetes. Although
the effect on HbA _reduction in our study was not significant,
the T'T carriers had a better glycemic response to metformin
after 6 months of treatment. This is in contrast with the large
Genetics of Diabetes Audit and Research in Tayside Scotland
(GoDARTS) study, where an effect on therapeutic response
to metformin was not observed [8]. It has been suggested that
the discrepancies between the SUGAR-MGH and GoDART'S
studies reflect different study designs and participants: the
SUGAR-MGH explored physiological response in individu-
als without diabetes after acute metformin dosing, while the
GoDARTS study investigated therapeutic response in patients
with established T2D chronically treated with metformin [17].
However, the results of our study, which also included met-
formin-treated patients with T2D, indicate that these differ-
ences might not be the reason for contradictory results. For
example, it has been proposed that metformin is more effica-
cious in carriers of the risk allele in the early course of T2D,
when B-cell mass is still preserved, but that it becomes less efhi-
cacious with disease progression [6]. Thus, the T allele could
have a different effect depending on the level of B-cell mass
and function. Taking into account this hypothesis, as well as
the observed trend of association between the T allele and
lower HOMA-%B before metformin treatment, we conducted
additional exploratory analyses. Changes in the parameters of
glycemic response to metformin were analyzed in the model
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adjusted for baseline HOMA-%B levels. Although the effect on
HbA  levels was still not observed, under the additive genetic
model, the T allele was associated with lower fasting glucose
levels after 6 months of metformin treatment, and the differ-
ence between the TT and CC carriers was more pronounced.
Thus, the differences between our and the GoDARTS results
could potentially be explained by differences in p-cell func-
tion between patients, in line with the proposed hypothesis.
Namely, our study included newly diagnosed patients who
were in the early stage of the disease, while GODARTS patients
had been diagnosed with T2D over 2 years on average before
starting metformin therapy.

The potential mechanism underlying the effect of the
TCF7L2 157903146 on metformin response is unknown.
Considering that molecular mechanisms by which TCF7L2
increases T2D risk and the mechanisms of metformin action
are not yet fully understood, the explanation for the observed
effects can only be speculated. Metformin inhibits mito-
chondrial complex I in hepatocytes, resulting in decreased
adenosine triphosphate (ATP) and increased adenosine
monophosphate (AMP) levels, which leads to the inhibition
of gluconeogenesis via multiple proposed mechanisms [18].
Changes in the AMP/ATP ratio also activate 5" AMP-activated
protein kinase (AMPK), leading to reduced lipid synthesis and
enhanced insulin sensitivity [18]. Thus, it is possible that differ-
ent mechanisms are responsible for metformin-induced inhi-
bition of gluconeogenesis and its effect on lipid metabolism
and insulin sensitivity. The TCF7L2 rs7903146 variant also
has pleiotropic effects [7]. Although the T allele is associated
with decreased -cell function and increased T2D risk, pos-
sibly through increased resistance to incretin effect, it is also
associated with lower BMI [16] and lower triglyceride levels in
patients with T2D [14]. Thus, it is possible that the T allele car-
riers have a better response to metformin in the early course
of the disease, due to a greater decrease in insulin resistance.
However, the T allele may have the opposite effect in the later
stage as the disease progresses, due to the progressive loss of
[-cell function. Larger pharmacogenetic studies are required
to explore this hypothesis.

The main limitation of our study is the small sample size.
Still, the observed interaction between the TCE7L2 r$7903146
variant and metformin response confirms findings of the
recent research in individuals without diabetes and warrants
further investigations.

CONCLUSION

This is the first study that demonstrated the effect of the
TCF7L2 rs7903146 variant on the response to metformin in
patients with T2D. Our results suggest that the diabetes risk
T allele is associated with lower insulin resistance and better

glycemic response in newly diagnosed patients within the first
year of metformin treatment. Further studies are needed to
confirm our findings and to elucidate potential mechanisms
by which the TCF7L2 variant can modulate therapeutic
response to metformin.
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