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Abstract

Objectives: To evaluate the relationship between transcription factor 7-like 2 (TCF7L2) gene polymorphism and
diabetic nephropathy (DN) risk, as well as the effect of gene-environment interactions on DN risk in Chinese Han
population.

Methods: The Hardy-Weinberg equilibrium (HWE) and the relationship between TCF7L2 gene single nucleotide
polymorphism (SNPs) and DN susceptibility were evaluated by SNPStats. The interaction among four SNPs and
environmental factors were tested by generalized multifactor dimensionality reduction (GMDR). The consistency of
cross validation, accuracy of test balance and sign test were calculated to evaluate the interaction of each selection.
The logistic regression was used to test the interaction between rs7903146 and current smoking by stratified
analysis.

Results: Logistic regression analysis indicated that the DN risk of rs7903146-T allele carriers were obviously higher
than that in CC genotype carriers (CT + TT versus CC), adjusted OR (95 %CI) = 1.64 (1.24–2.06). However, we also
discovered that people with rs12255372, rs11196205 and rs290487 minor allele had non-significant difference risk of
DN compared with people with major allele. The GMDR model found a significant two-locus model (p = 0.0100)
including rs7903146 and current smoking, suggesting a potential gene–environment interaction between
rs7903146 and current smoking. Compared with never smokers with rs7903146- CC genotype, current smokers with
rs7903146- CT or TT genotype had the highest DN risk. After covariate adjustment, OR (95 %CI) was 2.15 (1.58–2.78).

Conclusions: We found a significant relationship of rs7903146-T alleles, and the interaction between rs7903146-T
and current smoking with increased DN risk.
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Introduction
Diabetic nephropathy (DN) is one of the most common
chronic and progressive complications of diabetes. DN is
associated with higher cardiovascular incidence rate and
mortality and is the most common cause of end-stage

renal disease (ESRD) in the world [1, 2]. DN is also one
of the important risk factors for the occurrence and de-
velopment of chronic kidney disease and chronic cardio-
vascular disease [3], and one of the main causes of death
in the world [4]. The pathogenesis of DN is complex
and multifactorial, and the specific mechanism is still
unclear. However, previous studies [5, 6] have shown
that the risk factors of DN include genetic factors and
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environmental factors, such as hypertension, hypergly-
cemia and hyperlipidemia.
The transcription factor 7-like 2 (TCF7L2), is a highly

variable transcription factor, which plays an important
role in regulating insulin secretion and maintaining glu-
cose homeostasis in pancreatic β cells [7]. In addition,
TCF7L2 protein, which is encoded by the TCF7L2 gene, is
involved in regulation of endothelial cell growth and
smooth muscle cell proliferation, and then affects vascular
remodeling [8]. TCF7L2 gene is located on chromosome
10q25.3, which contains 215,863 bases, including 17
exons, encoding 596 amino acids. Previous epidemio-
logical studies have indicated that the TCF7L2 gene single
nucleotide polymorphisms (SNPs) were associated with
common diseases, including type 2 diabetes mellitus
(T2DM) [9] and DN [10–12]. The study on the relation-
ship between single nucleotide polymorphism of TCF7L2
gene and DN risk in Chinese Han populations is very lim-
ited. Additionally, DN development has been proved to be
the outcome of complicated interaction among genetic
and environmental factors, up to now, limited researches
focused on the association of interaction between TCF7L2
gene SNPs and environmental factors with DN risk.
Therefore, the purpose of this study is to evaluate the rela-
tionship between TCF7L2 gene polymorphism and DN
risk, as well as the effect of gene-environment interactions
on DN risk in Chinese Han population.

Participant selection and methods
Study population
Subjects were recruited continuously from our Hospital
between June 2013 and July 2019. A total of 1083 subjects
with an average age of 67.5 ± 13.9 years were selected, in-
cluding 358 T2DM with DN cases and 720 T2DM with-
out DN controls. All participants were selected from
T2DM patients, and those T2DM with DN patients were
included in case group, and those T2DM without DN pa-
tients were included in the control group. The diagnosis
of T2DM and DN was diagnosed by two pathologists in
our Hospital according to the World Health Organization
diagnostic criteria [13]. Those patients with poor glycemic
control, overt nephropathy, significant heart failure,
treated by chemotherapy or radiotherapy (to ensure the
accuracy of our information collection) or had any kinds
of cancers were removed. The control group was matched
to patients by sex, age and ethnic background, and those
participants with family history of DN or others kidney
disease were excluded. Current cigarette smoking was de-
fined as those who self-reported smoking cigarettes at
least once a day for 1 year or more.

Genotyping methods
The TCF7L2 gene polymorphism (rs7903146,
rs12255372, rs290487 and rs11196205) genotyping was

performed by polymerase chain reaction (PCR) and fol-
lowing restriction fragment length polymorphism
(RFLP). According to instructions of DNA Blood Mini
Kit (Qiagen, Hilden, Germany), 3 ml EDTA-processed
blood samples were extracted from all participants for
DNA extraction, and DNA was preserved at -20 °C be-
fore use. All primers applied in our research are shown
in Table 1.

Statistical analysis
In our study, the mean and standard deviations (SDs)
were calculated for continuous variables with normal
distribution, and the percentages were calculated for cat-
egorical variables. The χ2 test was used for comparison
for percentages and t test was used for comparison of
means and SDs. The Hardy-Weinberg equilibrium
(HWE) and the relationship between TCF7L2 gene SNPs
and DN susceptibility were evaluated by SNPStats
(https://www.snpstats.net/). The interaction among four
SNPs and environmental factors were tested by general-
ized multifactor dimensionality reduction (GMDR) [14].
The consistency of cross validation, accuracy of test bal-
ance and sign test were calculated to evaluate the inter-
action of each selection. The logistic regression was used
to test the interaction between rs7903146 and current
smoking by stratified analysis.

Results
A total of 1083 subjects with an average age of 67.5 ±
13.9 years were selected, including 358 T2DM with DN
cases and 720 T2DM without DN controls. The charac-
teristics of subjects stratified by case and control are
shown in Table 2. No statistically significant differences
were observed between cases and controls in terms of
age and proportion of males. The body mass index
(BMI), smoking and alcohol drinking, fasting plasma
glucose (FPG), duration of diabetes and hypertension
rate in cases were significantly higher than that in
controls.
HWE test was performed for controls, and we found

that all genotypes were distributed according to HWE
(all p values more than 0.05). The allele frequency of
rs7903146-T and in DN group was significantly higher
than that in control group (28.9 % vs19.7 %). Logistic re-
gression analysis indicated that the DN risk of
rs7903146-T allele carriers was obviously higher than
that in CC genotype carriers (CT + TT versus CC), ad-
justed OR (95 %CI) = 1.64 (1.24–2.06). However, we also
discovered that people with rs12255372, rs11196205 and
rs290487 minor allele had non-significant difference risk
of DN compared with people with major allele (Table 3).
The GMDR model was used to evaluate the effect of

SNP-SNP and gene- environmental factors interaction
between 4 SNPs on DN risk. Table 4 shows the GMDR
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analysis results of SNP-SNP interaction and gene-
current smoking interaction. We found a significant
two-locus model (p = 0.0100) including rs7903146 and
current smoking, suggesting a potential gene–environ-
ment interaction between rs7903146 and current smok-
ing. The cross-validation consistency of two-locus model
was 9 of 10, and the testing accuracy was 0.5985. Com-
pared with never smokers with rs7903146- CC genotype,
current smokers with rs7903146- CT or TT genotype
had the highest DN risk. After covariate adjustment, OR
(95 %CI) was 2.15 (1.58–2.78) (Table 5).

Discussion
In this study, we evaluated the effect SNPs of TCF7L2
on DN risk, and we found that the DN risk was obvi-
ously higher in rs7903146-T allele carriers than that in
CC genotype carriers, However, we also discovered that
people with rs12255372, rs11196205 and rs290487
minor allele had non-significant difference risk of DN
compared with people with major allele. Previous studies
have reported a statistically significant association be-
tween TCF7L2 gene polymorphism and DN and coron-
ary atherosclerosis [15, 16]. In recent years, the
association between TCF7L2 gene polymorphism and
DN has been reported in several studies [17–20]. How-
ever, there are few studies on the association between
TCF7L2 mutation and DN risk in Chinese population.

TCF7L2 is a transcription factor containing DNA bind-
ing domain. Its coding gene is widely expressed in many
organs of human body, mainly in adipose tissue and hu-
man pancreatic beta cells [21]. Previously, two studies
conducted by Buraczynska et al. [17, 22] has verified that
the rs7903146-T allele of TCF7L2 gene was significantly
associated with DN, especially in the early stage of dia-
betes. Zhuang et al. [18] carried out a case-control study
in Chinese population, and found that TCF7L2
rs7903146 polymorphism had a significant impact on
the susceptibility to DN in Chinese Han population, but
rs290487 had no statistical association with DN. This
was consistent with conclusions from Lewis et al. [23],
Hussain et al. [12] and Sale et al. [24], But Fu et al. [25]
concluded inconsistent results on relationship between
TCF7L2 rs7903146 polymorphism and DN risk, in this
study, just 248 DN patients were included in the ana-
lysis, so the limited sample size maybe the reason for in-
consistent results between this study and our study. A
case-control study conducted by Bodhini et al. [26]
showed that rs12255372 polymorphism in TCF7L2 gene
was associated with type 2 diabetes and DN, but its asso-
ciation with DN was affected by diabetes. However,
study suggested that minor allele of rs12255372 had
non-significant impact on risk of DN.
DN susceptibility was influenced by too many risk fac-

tors, involving genetic factors, environmental factors,
gene- gene and gene- environment interactions. In

Table 1 Description and primer sequences used for genotyping for 4 SNPs within TCF7L2 gene

SNP ID Chromosome Functional Consequence Nucleotide substitution Primer sequences

rs7903146 10:112,998,590 Intron variant C > T F: 5′- CAAATTCATGGGCTTTCT − 3′
R: 5′- CCTTCCCTGTAACTGTGG − 3′

rs11196205 10:113,047,288 Intron variant G > T F: 5′- GAAAGT TCTCAACATTTATAACTTCG-3′
R: 5′- TTTGCCCAATAATATGCCATGAAA-3′

rs290487 10:113,149,972 Intron variant C > T F: 5′- GCTGCCATATTGTTTACT − 3′
R: 5′- ATGATTTGTACTGGGTTG − 3′

rs12255372 10:113,049,143 Intron variant G > T F: 5′- CTTGAGGTGTACTGGAAACTAAGGC-3′
R: 5′- CTGTCTATTTGGCATTCAAATGGA-3′

Table 2 General characteristics of 1083 study participants in case and control group

Variables T2DM with DN patients
(n = 358)

T2DM without DN controls
(n = 720)

p-values

Age (year), means ± SD 68.3 ± 14.2 67.3 ± 13.6 0.263

Males, N (%) 213 (59.5) 419 (58.2) 0.682

BMI (kg/m2), means ± SD 25.4 ± 7.4 23.5 ± 6.9 0.000035

Smoking, N (%) 119 (33.2) 188 (26.1) 0.015

Alcohol drinking, N (%) 140 (39.1) 224 (31.1) 0.0089

FPG (mmol/l) 9.3 ± 2.9 8.6 ± 3.1 0.000378

Duration of diabetes 10.8 ± 6.4 9.6 ± 6.7 0.005034

Hypertension, N (%) 103 (28.8) 162 (22.5) 0.0243

BMI: body mass index; T2DM: type 2 diabetes mellitus; FPG: fasting plasma glucose
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Table 3 Genotype distribution and allele frequencies of four SNPs in case and control group

SNPs Genotypes
and alleles

Frequencies N (%) OR (95 %CI) * P-
valuesControl (n = 720) Case (n = 358)

rs12255372

GG 419 (58.2) 191 (53.4) Ref

GT 260 (36.1) 140 (39.1) 1.23 (0.90–1.66)

TT 41 (5.7) 27 (7.5) 1.38 (0.81–1.97)

G 1098 (76.02 522 (72.9) Ref

T 342 (23.8) 194 (27.1) 1.26 (0.88–1.69)

HWE test for controls 0.936

rs7903146

CC 469 (65.1) 185 (51.7) Ref

CT 218 (30.3) 139 (38.8) 1.59 (1.21–1.99)

TT 33 (4.6) 34 (9.5) 1.82 (1.27–2.43)

C 1156 (80.3) 509 (71.1) Ref

T 284 (19.7) 207 (28.9) 1.64 (1.24–2.06)

HWE test for controls 0.240

rs11196205

GG 427 (59.3) 191 (53.4) Ref

GT 256 (35.6) 139 (38.8) 1.28 (0.83–1.76)

TT 37 (5.1) 28 (7.8) 1.42 (0.78–2.09)

G 1110 (77.1) 521 (72.8) Ref

T 330 (22.9) 195 (27.2) 1.30 (0.81–1.87)

HWE test for controls 0.864

rs290487

TT 473 (65.7) 215 (60.1) Ref

TC 219 (30.4) 123 (34.4) 1.30 (0.96–1.67)

CC 28 (3.9) 20 (5.6) 1.46 (0.90–2.05)

T 1165 (80.9) 553 (77.2) Ref

C 275 (19.1) 163 (22.8) 1.33 (0.94–1.72)

HWE test for controls 0.674

*Adjusted for gender, age, BMI, smoking, alcohol drinking, FPG, duration of diabetes and hypertension

Table 4 GMDR analysis on the best SNP–SNP and gene- current smoking interaction models

Locus no. Best combination Cross-validation consistency Testing balanced accuracy p-values*

SNP- SNP interactions *

2 (1, 3) 8/10 0.5451 0.3770

3 (1, 3, 2) 6/10 0.5577 0.3240

4 (1, 3, 2, 4) 7/10 0.4960 0.6241

Gene- current smoking interactions **

2 (1, 5) 9/10 0.5985 0.0107

3 (1, 5, 3) 7/10 0.5622 0.3770

4 (1, 5, 3, 2) 6/10 0.5577 0.1719

5 (1, 5, 3, 2, 4) 7/10 0.5212 0.4258

*Adjusted for gender, age, BMI, smoking, alcohol drinking, FPG, duration of diabetes and hypertension
**Adjusted for gender, age, BMI, alcohol drinking, FPG, duration of diabetes and hypertension
rs7903146, rs12255372, rs290487, rs11196205 and current smoking were symbolized as 1–5, respectively
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current study, just one gene was investigated, therefore
we could not estimate the gene-gene interaction on DN
risk, just the SNP-SNP interaction was investigated. As
we all known that smoking was a risk factor for DN risk
[27, 28], previous study has reported a significant gene-
environment interaction between MTHFR C677T poly-
morphism (rs1801133) and smoking on susceptibility to
DN in Chinese men with T2DM. But to date, no study
focused in the impact of interaction between TCF7L2
gene and smoking on DN risk. In this study, the current
smoking rate was higher than that of control group,
which means that the current smoking was a risk factor
for DN susceptibility. Therefore, we also conducted
TCF7L2 gene-environment interaction between fours
SNPs and current smoking using GMDR model. We
found a significant two-locus model including rs7903146
and current smoking. Compared with never smokers
with rs7903146- CC genotype, current smokers with
rs7903146- CT or TT genotype had the highest DN risk.
The exact interaction mechanism for this gene- environ-
ment interaction is still unclear, but we believe that
TCF7L2 gene and current smoking are related to DN
risk factors, which might be the basis of gene- environ-
ment interaction.
This research has some limitations. Firstly, just four

SNPs of the TCF7L2 gene were selected for genotyping,
and more SNPs within TCF7L2 gene should be included
in future studies. Secondly, more environmental factors
should be included in the GMDR model to investigate
the gene-environment interaction. Lastly, the partici-
pants included in this study were all Chinese Han popu-
lation, and the results obtained in our study should be
verified in different ethnicities in China or different
countries.

Conclusions
In summary, our research shows that rs7903146- T al-
lele, interaction between rs7903146 and current smoking
are all associated with increased susceptibility to DN. Al-
though, previous studies have reported the relationship
between rs7903146- T allele and DN risk, but these
studies did not performed gene- smoking interaction

analysis, and which was the new or additional finding on
DN genetic association investigation.
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