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Abstract

Aim: The term “prediabetes” (pre-DM) is used to define individuals with 
Impaired Fasting Glucose (IFG) and/or Intolerance Glucose Test (IGT). In 
this study, we analyzed the association between rs12255372 and rs7903146 
variants of the TCF7L2 gene and metabolic phenotypes in pre-DM subjects.

Methods: We included 247 unrelated subjects between 25 to 60 years 
old, 114 were apparently healthy subjects with glucose levels <100 mg/dl (5.5 
mmol/l), and 133 subjects with IFG (fasting glucose >100 mg/dl to <125 mg/dl). 
Metabolic and anthropometric variables were measured, polymorphisms were 
genotyped by PCR. Homeostasis model assessment was used to estimate 
insulin resistance and β-cell function (HOMA-IR, HOMA β-cell function).

Results: The subjects with CT/TT rs7903146 genotypes showed a decrease 
in weight, BMI, triglycerides, and β-cell function. The pre-DM subjects with these 
genotypes showed weight and BMI significantly lower than CC genotype. The 
pre-diabetic subjects with GT and TT rs12255372 genotypes, showed insulin 
levels, HOMA-IR, and β-cell function significantly decreased (24%, 22%, 31% 
respectively). BMI (OR=1.26 95% 1.18-1.34, p<0.00001), the age (OR=1.05 
95% 1.02-1.08, p=0.0008), and rs7903146 polymorphism (OR=3.11, 95% 1.58-
6.1, p=0.0009) are associated with the development of pre-DM. An interaction 
of rs7903146 was observed when omitting to BMI (OR=1.83, 95% 1.05-3.19, 
p=0.03). The rs1225372 shows no association with the development of pre-DM 

Conclusion: Weight and BMI were lower in pre-DM subjects with CT or 
TT rs7903146 genotypes. Insulin, HOMA-IR levels, and β-cell function were 
significantly decreased in pre-diabetic subjects with GT or TT rs12255372 
genotypes. BMI, age, and rs7903146 are predictors for development of Pre-DM. 

Keywords: Prediabetes; rs7903146; rs12255372; BMI; Metabolic 
phenotypes

Introduction
Hyperglycemia that does not reach the diagnostic criteria for 

Diabetes Mellitus (DM) is known as “prediabetes” (pre-DM), and is 
the term used to include individuals with Impaired Fasting Glucose 
(IFG) and/or Impaired Glucose Tolerance (IGT), and/or A1C 5.7-
6.4% [1]. Prediabetes should not be viewed as a clinical entity but 
as an increased risk for diabetes and cardiovascular disease [1]. In 
addition to IFG and IGT, there are other risk factors as first-degree 
family history, abdominal obesity, dyslipidemia, ethnic group, among 
others [1,2]. Reports indicate that age-adjusted prevalence of IFG 
(49.5% and 50.5%), IGT (49.1% and 50.9%), and IFG+IGT (57.3% 
and 42.7%) are similar in Mexican men and women [3]. 

Since 2006, specific Single Nucleotide Polymorphisms (SNPs) 
within the TCF7L2 gene are known to be associated with increased 
risk of Type 2 Diabetes (T2DM) [4]. There is evidence in many ethnic 
groups, that rs12255372 and rs7903146 in TCF2L7 gene are more 
strongly associated with T2DM [5]. The analysis of these markers 
in a sample of controls and patients with T2DM from Mexico City 
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indicates that the rs12255372T allele is associated with diabetes risk 
[6]. A more recent analysis has shown that eight SNPs and rs7903146 
are associated with early-onset T2DM [7]. In Caucasian people, the 
rs7903146T allele risk was independently associated with increased 
fasting glucose [8,9]. For the TCF7L2 and WFS1 diabetes risk genes, 
which are associated with impaired incretin signaling, the level of 
glycemia determines SNP effects on insulin secretion, it indicates the 
importance of these SNPs during the progression of prediabetes stages 
toward clinically overt type 2 diabetes [10]. The TCF7L2 variants 
rs7903146 and rs12255372 have an effect on the risk of T2DM, at 
least in part, by modifying the effect of incretins on insulin secretion 
[11,12]. Other Reports show that the rs7903146 variant increases the 
risk of IGT/T2DM in obese adolescents and middle-aged subjects 
by impairing β-cell function [13,14]. Both TCF7L2 rs7903146 and 
rs12255372 variants increase the risk of diabetes among subjects with 
impaired glucose tolerance also acting on the β-cell function [15]. 
In individuals with IGT, the variant rs12255372 was significantly 
associated with decreased insulin secretion and with incident T2DM 
[16].
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In Mexico, the prevalence of T2DM varies from 8.9% to 25.3 
(ENSANUT 2012), in low-income people and for prediabetes 
18.9% (13.8-24.0) [17]. However, there are not enough data on 
factors associated with the development of prediabetes, neither of 
the metabolic characteristics associated with these polymorphisms. 
Therefore, the aim of this study was to analyze the association 
between rs12255372 and rs7903146 variants of the TCF7L2 gene and 
metabolic phenotypes in pre-DM subjects.

Subjects
We studied a total of 247 unrelated subjects that were within 25 to 

60 years old, in two groups, 114 apparently healthy with glucose levels 
<100 mg/dl (5.5 mmol/l), and 133 with pre-DM diagnosed according 
to ADA criteria (fasting glucose levels >100 mg/dl to <126 mg/dl in 
two subsequent days) [1]. None of the subjects had clinical evidence 
of heart, liver, renal or other endocrine disease. The subjects were 
recruited from the city of León in the central region of Mexico by 
means of home visits and public announcements. Informed consent 
was obtained from all individual participants included in the study. 
The study was conducted in accordance with the ethical standards laid 
down in the Declaration of Helsinki in 1983 and in agreement with 
the Good Clinical Practice guidelines. The study was approved by the 
Institutional Ethics Committee of the University of Guanajuato. 

Material and Methods
Anthropometric and metabolic measurements

All participants were interviewed to obtain clinical data and 
T2DM family history. Weight, height, waist and hip circumferences 
were obtained with indoor clothing and without shoes. BMI (weight 
(kg)/height (M2)) and Waist/Hip Ratio (WHR) were calculated. 
Blood samples were drawn after 12 h fasting in order to measure 
serum glucose, and lipids profile using enzymatic methods with 
a chemistry analyzer (Auto KEM II, Kontrollab, Italy). Insulin 
serum concentrations were measured by radioimmunoassay with 
a commercial kit (MILLIPORE Research Charles, Missouri USA). 
Insulin Resistance (IR) and β-cell function were assessed with the 
Homeostatic Model Assessment (HOMA) [18]. 

Genotyping of rs7903146 and rs12255372 variants
Genomic DNA was obtained from peripheral blood leukocytes 

using standard methods and stored at -20ºC until batch genotyping. 
The rs7903146 polymorphism was genotyped using the PCR-RFLP 
method. The region was amplified with the following primers 
5’-TTAGAGAGCTAAGCACTTTTTAGGTA-‘3 (forward) and 
5’-ACTAAGTTACTTGCCTTCCCTG-‘3 (reverse), and for 
genotyping of rs12255372 polymorphism, we used the following 
primers 5’-CCCAGGAATATCCAGGCAAGGAT-’3 (forward) and 
5’-CAAATGGAGGCTG- AATCTGGCA-‘3 (reverse). The PCR 
reaction was carried out using 50 ng DNA, 2.0 mM MgCl2, 0.5 mM 
dNTPs (Invitrogen), 10 μMol primers and 2 U Taq polymerase 
(Platinum Invitrogen) for both polymorphisms. The amplification 
program consisted in: one cycle of 94ºC for 3 min, 35 cycles of 94ºC 
for 30 sec, 60ºC for rs12255372 in a Thermal cycler Gene Amp PCR 
System 2700 (Applied Biosystems, Life Technologies Corporation, 
Singapore). The PCR products for the genotyping of rs7903146 
were digested with RsaI restriction enzyme (New England Biolabs 
Ipswich, MA, USA) that generated two fragments 91 and 22 bp for C 

allele and one fragment 113 pb for T allele [6]. The Fok I restriction 
enzyme (New England Biolabs Ipswich, MA, USA) that was used to 
typing rs12255372 variants generated two fragments 94 and 24 pb 
for G allele and one fragment 118 pb for T allele [6]. We carried out 
genotype replications in 25% of the DNA samples obtaining a 99% 
rate of a coincidence for both SNPs.

Statistical analysis
Data for anthropometric and metabolic characteristics of the 

volunteers were expressed as the mean ± SD or median (25-75 
quartiles). Differences between groups were examined using the 
t-test for independent samples, Mann & Whitney U test, ANOVA or 

Healthy 
subjects 
N=114

Pre-diabetes 
subjects
 N=133

t ó Z p

Age (years) 38 ± 10 45 ± 11 -4.87 <0.0002

Gender M/F 40/74 26/107

Family history of DM 40% 56% 3.84 0.05

Weight (Kg) 66.7 ± 16 80 ± 16 -6.44 <0.00001

BMI (Kg/mt2) 25.8 ± 5 32.5 ± 5.6 -9.69 <0.00001

Waist/Hip ratio 0.91 ± 0.079 0.93 ± 0.078 -1.01 NS

Glucose (mg/dl) 85 ±  8 109 ± 6 -25.8 <0.00001

T cholesterol (mg/dl) 178(152-196) 184(162-204) -1.34 NS

Triglycerides (mg/dl) 115(91-54) 141(104-214) -3.44 0.0005

HDL-c (mg/dl) 55(46-62) 47(38-53) 4.91 0.000001

LDL-c (mg/dl) 92(77-115) 103(/86-122) -1.64 NS
Systolic Blood Pressure 
(mmHg) 112 ± 10 119 ± 9 -5.63 <0.00001

Diastolic Blood Pressure 
(mmHg) 75 ± 8 85 ± 10 -8.6 <0.00001

Insulin μUI/ml 13.6(4.7-23) 18(12-25) -3.97 0.00006

HOMA-RI 2.7(0.95-4.9) 4.8( 3-6.9) -6.0 <0.00001

Β-cell Function 210(87-379) 141 (88-198) 3.0 0.002

Table 1: Metabolic characteristic of the two groups.

BMI: Body Mass Index; HDL-c: High Density Lipoprotein Cholesterol; LDL-c: Low 
Density Lipoprotein Cholesterol; HOMA-IR and Β-cell Function, Homeostasis 
model assessment (HOMA). Mean ± SD, median (25-75 quartiles); t test for 
independent samples value; Z Mann & Whitney U test value; NS = No Significant.

SNP Genotype

Healthy 
subjects 
n = 114

Prediabetes 
subjects
n = 133 X2

y P

TCF7L2
rs7903146

C/T

CC 77 (0.675) 75 (0.565)

4.84 0.08CT 35 (0.307) 50 (0.375)

TT 2(0.0175) 8 (0.06)

Allele C 0.829 0.75
1.48 NS

Allele T 0.171 0.25

TCF7L2
rs12255372

G/T

GG 78 (0.684) 86 (0.647)

6.17 0.05GT 36 (0.316) 40 (0.30)

TT 0 7 (0.053)

Allele G 0.842 0.80
0.30 NS

Allele T 0.158 0.20

Table 2: Genotype and allelic frequencies of rs7903146 and 12255372 in two 
groups.

Frequency (percent); X2
y= Yates corrected X2
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Kruskal-Wallis test. Risk factors associated with pre-Diabetes were 
analyzed with the logistic regression analysis. The Analyses were 
conducted using a statistical package (Statistica 7.0, Statsoft Inc., 
Tulsa, OK, USA).

Results 
The total group included 66 men and 181 women with an average 

age of 42 ± 11 years, 114 healthy subjects, and 133 pre-diabetic 
subjects. The weight, BMI, age, blood pressure, triglycerides, insulin, 
and HOMA-IR were significantly higher, but HDL-c and β-cell 
function lower in pre-DM subjects than in healthy subjects (Table 
1). There are no differences in the allelic and genotypic frequencies of 
rs7903146 between healthy and pre-DM groups (Table 2). A marginal 
difference in genotypic frequencies of rs12255372 TCF7L2 between 
healthy and pre-DM subjects was observed (p=0.05) (Table 2). The 
distribution of genotype frequencies of both polymorphisms is in the 
agreement of the Hardy-Weinberg distribution.

In the analysis of metabolic characteristics by rs7903146 
genotypes in the whole group, we found weight, BMI, triglycerides 
levels, and β-cell function, decreased (16.6%), but increased serum 
glucose in subjects with CT and TT genotypes (Table 3). When 
comparing the healthy vs pre-DM subjects by rs7903146 genotypes, 
weight and BMI were significantly lower in pre-DM subjects with 
CT/TT genotypes. In the insulin levels and β-cell function, there are 
decreases no significant (22% and 16.6% respectively). In the analysis 
of rs12255372 genotypes, all subjects with GT and TT genotypes 
showed insulin levels, HOMA-IR and β-cell function significant 
lower than GG wild type (23.6%, 25%, 26.9% respectively) (Table 4). 
In addition, comparing healthy and pre-DM subjects by rs12255372 
genotypes, serum insulin levels, HOMA-IR, and β-cell function were 
significantly decreased in pre-DM subjects with GT and TT genotypes 
(26%, 22%, and 31% respectively).

In the logistic regression analysis using BMI, the age, and 
rs7903146 polymorphism (under dominant model) as regressors 
observed association of BMI (OR=1.26 95% 1.18-1.34, p<0.00001), 
age (OR=1.05 95% 1.02-1.08, p=0.0008), and rs7903146 (OR=3.11, 
95% 1.58-6.1, p=0.0009) with the development of pre-DM. When 
BMI is omitted of the model logistic regression, a decrease of the 
risk conferred for rs7903146 (OR=1.83, 95% 1.05-3.19, p=0.03) 
was observed, however, the risk confers no change on the age. The 
rs1225372 shows no association with the development of pre-DM 
using the same logistic regression. In another model including only 
the age (OR=1.11 95% 1.06-1.16, p=0.0000004), and positive family 
history of DM (OR=2.19 95% 1.09-4.36, p=0.024) also showed to be a 
predisposing factor of pre-DM. 

Discussion 
In this work, we analyzed the association between rs12255372 

and rs7903146 variants of the TCF7L2 gene with the development 
of pre-DM and its metabolic phenotypes in healthy and pre-diabetic 
subjects. Pre-DM is an obvious risk factor for both T2DM and 
cardiovascular disease [1]. However, there are no specific symptoms 
of pre-DM, and its clinical course is variable. Also, because there is not 
a worldwide consensus on diagnostic criteria, there are inadequacies 
in defining it as a single disease. Nevertheless, it has been considered 
that the prevalence of pre-DM is higher than that for T2DM, and 

there are many epidemiological characteristics involved in different 
regions and races [19]. We replicated the association of age, obesity, 
high triglycerides, and low HDL-cholesterol, but not of hypertension 
[20,21]. Although none of the pre-DM subjects had hypertension, 
they had a higher systolic and diastolic blood pressure than healthy 
subjects. We found the β-cell function decreased and insulin resistance 
increased in the pre-DM subjects, as previously described [22]. Other 
investigators propose that subjects with IGT and IFG/IGT have a 
significantly greater reduction in insulin secretion than subjects with 
IFG [23], and that the pathogenesis of IFG is more closely associated 
with insulin resistance, and the pathogenesis of IGT is more closely 
associated with impaired insulin secretion [24]. 

In our work the subjects with CT/TT rs7903146 genotypes 

N=152
 CC

N=95
CT /TT t ó Z p

Weight (Kg) 75.8 ± 19 71± 14 2.08 0.038

BMI (Kg/mt2) 30 ± 6.6 28.4 ± 5.6 1.95 0.052

Glucose (mg/dl) 97 ± 13 100 ± 13 -1.98 0.048

T cholesterol (mg/dl) 180 ± 33 181 ± 34 -0.0814 NS

Triglycerides (mg/dl) 136 (103-192) 115(92-153) 2.28 0.02

HDL-c (mg/dl) 52 ± 34 51 ± 9 0.251 NS

LDL-c  (mg/dl) 102 ± 31 101 ± 32 0.068 NS
Systolic blood pressure 
(mmHg) 116 ± 10 116 ± 9 0.142 NS

Diastolic blood pressure 
(mmHg) 81 ± 11 80 ± 10 0.136 NS

Insulin μUI/ml 17.4 (9-25) 14 (7-23) 1.586 NS

HOMA-IR 4.2 (2.2-6.2) 3.6(1.8-5.9) 1.140 NS

Β-cell function 168 (103-297) 140 (73-226) 2.399 0.016

Table 3: Metabolic characteristic of the rs7903146 genotype in whole group.

BMI: Body Mass Index; HDL-c: High Density Lipoprotein cholesterol; LDL-c: Low 
Density Lipoprotein cholesterol; HOMA-IR and Β-cell Function, Homeostasis 
model Assessment (HOMA). Mean ± SD, median (25-75 quartiles); t test for 
independent samples value; Z Mann & Whitney U test value; NS = No Significant

N =165
GG

N = 82
GT/TT t ó Z P

Weight (Kg) 75 ± 18 72 ± 16 1.00 NS

BMI (Kg/mt2) 29.7 ± 6.4 28.8 ± 6 1.053 NS

Glucose (mg/dl) 97 ± 14 100 ±14 -1.332 NS

T cholesterol (mg/dl) 181 ± 34 179 ± 33 -0.591 NS

Triglycerides (mg/dl) 131 (104-172) 120 (92-174) 1.43 NS

HDL-c (mg/dl) 52 ± 33 52 ± 11 -0.053 NS

LDL-c  (mg/dl) 104 ± 31 98 ± 32 1.317 NS
Systolic blood Pressure 
(mmHg) 116 ± 10 117 ± 11 -0.467 NS

Diastolic blood pressure 
(mmHg) 81 ± 11 80 ± 20 0.387 NS

Insulin μUI/ml 17.8 (9-26) 13.6 (7.2-22) 2.42 0.015

HOMA-IR 4.4 (2.2-6.3) 3.3 (1.7-5.3) 2.15 0.031

Β-cell function 171 (104-294) 125 (78-217) 2.78 0.005

Table 4: Metabolic characteristic of the genotype rs12255372 in whole group.

BMI: Body Mass Index; WC; HDL-C: High Density Lipoprotein Cholesterol; 
LDL-C: Low Density Lipoprotein Cholesterol; HOMA-IR: Homeostasis Model 
Assessment Insulin Resistance and Β-cell Function. Mean ± SD, median (25-
75 quartiles); t test for independent samples; Mann & Whitney U test; NS = No 
Significant
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showed higher glucose concentrations, but lower weight, BMI, 
triglycerides and β-cell function than the subjects with CC genotypes. 
Similar results have been reported in European populations [8,14,25], 
specifically, it has been reported that subjects with rs7903146 risk 
allele showed lower BMI, waist circumference, total body fat and body 
weight [14]. However, we observed no significant lower insulin levels 
and β-cell function (22%, and 16.6%, respectively) in pre-diabetic 
subjects with the risk T allele rs7903146, probably as a result of the 
number of pre-diabetic subjects with genotypes CT/TT. The TCF7L2 
gene harbors common genetic variants with the strongest effect on 
T2DM risk, yet described, one of them is the SNP rs7903146 [26]. 
Impaired in vivo [27] and in vitro insulin secretion has been shown in 
risk T allele carriers of rs7903146 [28,29]. Interestingly, the subjects 
with risk T-allele are characterized by elevated plasma proinsulin 
levels and an increased proinsulin-to-insulin ratio suggestive of 
perturbed proinsulin processing [30] and show a higher degree of 
open chromatin in pancreatic islets [31]. 

Also, the allele T of TCF7L2 rs7903146 also has been identified as 
a significant risk factor to impaired proinsulin conversion [32], and 
IFG risk in a cohort of Caucasian subjects [9]. In our study, the BMI, 
age, and rs7903146 polymorphism are predictors of the development 
of pre-DM. An interaction between allele risk rs7903146T and 
metabolic factor as BMI was observed, since the BMI of the logistic 
regression model was omitted, the risk conferred for rs7903146 
decreased. The previous report showed that the association between 
rs7903146 and IFG risk was stronger in Caucasian with obesity [9].

The rs12255372 genotypes have been associated with impaired 
insulin secretion, impaired fasting glucose, and impaired glucose 
tolerance [15,16,33]. In our study, the pre-diabetic subjects with 
GT or TT genotypes showed significantly lower insulin levels, and 
β-cell function (26%, 31% respectively) than the GG wild type. The 
data suggest that the risk variant of rs12255372 polymorphism may 
have similar effects on insulin secretion as it has shown in the subjects 
with risk T allele rs7903146 previously described [28,29]. This work 
describes the phenotypes of subjects with rs7903146 and rs12255372 
genotypes, but only the rs7903146 shows to be an associated factor to 
development to pre-DM, which may be explained by the sample size, 
and it requires additional confirmation.

This is the first report analyzing the relationship of TCF7L2 
rs7903146 and rs12255372 with impaired insulin secretion and β-cell 
function in pre-DM Mexican population. Our Mestizo population 
resulted from the recent admixture of European, Amerindian and 
African populations, in estimated average proportions of ~50, ~45, 
and ~5% respectively [34]. Therefore, it is likely that the genetic 
variants common in Europeans are part of the genetic background of 
the pre-DM subjects of our study, as reported for T2DM [7].

Recently, the molecular mechanisms by which TCF7L2 regulates 
glucose metabolism were described. The TCF7L2 functions as a master 
regulator of insulin production and processing, which have been 
established identifying TCF7L2-target genes and the downstream 
regulatory network responsible for its effect on insulin secretion. ISL1 
is a direct target of TCF7L2, for regulating proinsulin production and 
processing via regulation of PCSK1, PCSK2, SLC30A8, MAFA, PDX1, 
and NKX6.1. These multiple targets in key pathways may explain why 
TCF7L2 has emerged as the gene showing the strongest association 

with T2DM among common variants [28].

Conclusion
The subjects with CT or TT genotypes of rs7903146 showed 

weight, BMI, triglycerides, and insulin levels significantly decreased. 
The pre-diabetic subjects with these genotypes also showed a 
significant decrease in weight, BMI. The subjects with GT or TT 
rs12255372 genotypes, including pre-diabetic subjects showed 
a significant decrease in insulin content, HOMA-IR, and β-cell 
function (24%, 22%, 31% respectively). In this study, we described the 
phenotypic features of the subjects with rs7903146 and rs12255372 
polymorphisms in healthy and pre-diabetic subjects. The BMI, the 
age, and rs7903146 polymorphism (under dominant model) are 
strong predictors for the development of pre-DM.

Funding
This work was supported by The Research Program of the 

Direction of Support for Investigation and Postgraduate, University 
of Guanajuato, Mexico.

References
1. Classification and Diagnosis of Diabetes: Standards of Medical Care in 

Diabetes—2018. American Diabetes Association. Diabetes Care. 2018; 41: 
S13-S27. 

2. Alberti KGMM. Screening and diagnosis of prediabetes: where are we 
headed?. Diabetes, Obesity and Metabolism. 2007; 9: 12-16.

3. Guerrero-Romero F, Rodríguez-Morán M, Pérez-Fuentes R, Sánchez-
Guillén MC, González-Ortiz M, Martínez-Abundis E, et al. Prediabetes and its 
relationship with obesity in Mexican adults: The Mexican Diabetes Prevention 
(MexDiab) Study. Metab Syndr Relat Disord. 2008; 6: 15-23.

4. Grant SF, Thorleifsson G, Reynisdottir I, Benediktsson R, Manolescu A, 
Sainz J, et al. Variant of transcription factor 7-like 2 (TCF7L2) gene confers 
risk of type 2 diabetes. Nat Genet. 2006; 38: 320-323. 

5. Peng S, Zhu Y, Lü B, Xu F, Li X, Lai M. TCF7L2 gene polymorphisms and 
type 2 diabetes risk: a comprehensive and updated meta-analysis involving 
121,174 subjects. Mutagenesis. 2013; 28: 25-37. 

6. Parra EJ, Cameron E, Simmonds L, Valladares A, McKeigue P, Shriver M, et 
al. Association of TCF7L2 polymorphisms with type 2 diabetes in Mexico City. 
Clin Genet. 2007; 71: 359-366.

7. Gamboa-Meléndez MA, Huerta-Chagoya A, Moreno-Macías H, Vázquez-
Cárdenas P, Ordóñez-Sánchez ML, Rodríguez-Guillén R, et al. Contribution 
of common genetic variation to the risk of type 2 diabetes in the Mexican 
Mestizo population. Diabetes. 2012; 61: 3314-3321. 

8. Gambino R, Bo S, Gentile L, Musso G, Pagano G, Cavallo-Perin P, et al. 
Transcription factor 7-like 2 (TCF7L2) polymorphism and hyperglycemia in an 
adult Italian population-based cohort. Diabetes Care. 2010; 33: 1233-1235. 

9. Yan Y, North KE, Heiss G, Klein R, Girman CJ, Lange EM, et al. Transcription 
factor 7-like 2 (TCF7L2) polymorphism and context-specific risk of impaired 
fasting glucose in African American and Caucasian adults: the atherosclerosis 
risk in communities (ARIC) study. Diabetes Metab Res Rev. 2010; 26: 371-
377. 

10. Heni M, Ketterer C, Thamer C, Herzberg-Schäfer SA, Guthoff M, Stefan N, 
et al. Glycemia determines the effect of type 2 diabetes risk genes on insulin 
secretion. Diabetes. 2010; 59: 3247-3252. 

11. Villarreal DT, Robertson H, Bell GI, Patterson BW, Tran H, Wice B, et al. 
TCF7L2 variant rs7903146 affects the risk of type 2 diabetes by modulating 
incretin action. Diabetes. 2010; 59: 479-485. 

12. Schäfer SA, Tschritter O, Machicao F, Thamer C, Stefan N, Gallwitz B, et 
al. Impaired glucagon-like peptide-1-induced insulin secretion in carriers of 
transcription factor 7-like 2 (TCF7L2) gene polymorphisms. Diabetologia. 
2007; 50: 2443-2450. 

https://www.ncbi.nlm.nih.gov/pubmed/29222373
https://www.ncbi.nlm.nih.gov/pubmed/29222373
https://www.ncbi.nlm.nih.gov/pubmed/29222373
https://www.ncbi.nlm.nih.gov/pubmed/17877542
https://www.ncbi.nlm.nih.gov/pubmed/17877542
https://www.ncbi.nlm.nih.gov/pubmed/18370832
https://www.ncbi.nlm.nih.gov/pubmed/18370832
https://www.ncbi.nlm.nih.gov/pubmed/18370832
https://www.ncbi.nlm.nih.gov/pubmed/18370832
https://www.ncbi.nlm.nih.gov/pubmed/16415884
https://www.ncbi.nlm.nih.gov/pubmed/16415884
https://www.ncbi.nlm.nih.gov/pubmed/16415884
https://www.ncbi.nlm.nih.gov/pubmed/22923468
https://www.ncbi.nlm.nih.gov/pubmed/22923468
https://www.ncbi.nlm.nih.gov/pubmed/22923468
https://www.ncbi.nlm.nih.gov/pubmed/22923468
https://www.ncbi.nlm.nih.gov/pubmed/20299486
https://www.ncbi.nlm.nih.gov/pubmed/20299486
https://www.ncbi.nlm.nih.gov/pubmed/20299486
https://www.ncbi.nlm.nih.gov/pubmed/20578204
https://www.ncbi.nlm.nih.gov/pubmed/20578204
https://www.ncbi.nlm.nih.gov/pubmed/20578204
https://www.ncbi.nlm.nih.gov/pubmed/20578204
https://www.ncbi.nlm.nih.gov/pubmed/20578204
https://www.ncbi.nlm.nih.gov/pubmed/20802253
https://www.ncbi.nlm.nih.gov/pubmed/20802253
https://www.ncbi.nlm.nih.gov/pubmed/20802253
https://www.ncbi.nlm.nih.gov/pubmed/19934000
https://www.ncbi.nlm.nih.gov/pubmed/19934000
https://www.ncbi.nlm.nih.gov/pubmed/19934000
https://www.ncbi.nlm.nih.gov/pubmed/17661009
https://www.ncbi.nlm.nih.gov/pubmed/17661009
https://www.ncbi.nlm.nih.gov/pubmed/17661009
https://www.ncbi.nlm.nih.gov/pubmed/17661009


Austin J Endocrinol Diabetes 6(1): id1066 (2019)  - Page - 05

Perez-Luque E Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

13. Cropano C, Santoro N, Groop L, Dalla Man C, Cobelli C, Galderisi A, et al. The 
rs7903146 Variant in the TCF7L2 Gene Increases the Risk of Prediabetes/
Type 2 Diabetes in Obese Adolescents by Impairing β-Cell Function and 
Hepatic Insulin Sensitivity. Diabetes Care. 2017; 40: 1082-1089. 

14. Noordam R, Zwetsloot CPA, de Mutsert R, Mook-Kanamori DO, Lamb HJ, de 
Roos A, et al. Interrelationship of the rs7903146 TCF7L2 gene variant with 
measures of glucose metabolism and adiposity: The NEO study. Nutr Metab 
Cardiovasc Dis. 2018; 28: 150-157. 

15. Florez JC, Jablonski KA, Bayley N, Pollin TI, de Bakker PI, Shuldiner AR, et 
al. Diabetes Prevention Program Research Group. TCF7L2 polymorphisms 
and progression to diabetes in the Diabetes Prevention Program. N Engl J 
Med. 2006; 355: 241-250.

16. Wang J, Kuusisto J, Vänttinen M, Kuulasmaa T, Lindström J, Tuomilehto J, et 
al. Variants of transcription factor 7-like 2 (TCF7L2) gene predict conversion to 
type 2 diabetes in the Finnish Diabetes Prevention Study and are associated 
with impaired glucose regulation and impaired insulin secretion. Diabetologia. 
2007; 50: 1192-200. 

17. Encuesta Nacional de Salud y Nutrición. ENSANUT 2012. 

18. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RL. 
Homoeostasis model assessment: insulin resistance and beta-cell function 
from fasting plasma glucose and insulin concentrations in man. Diabetologia 
1985; 28: 412-419.

19. Rhee SY, Woo JT. The prediabetic period: Review of clinical aspects. 
Diabetes Metab J. 2011; 35: 107-116. 

20. Chen SY, Wang T, Hou XH, Qian Y, Zhang HD, Lu QL, et al. Prevalence 
and risk factors of diabetes and prediabetes in adults in Jingyuan Ningxia. 
Zhonghua Nei Ke Za Zhi. 2018; 57: 500-504. 

21. Casagrande SS, Menke A, Linder B, Osganian SK, Cowie CC. Cardiovascular 
risk factors in adolescents with prediabetes. Diabet Med. 2018. 

22. Rahman MH, Hafizur RM, Nahar Q, Khan AR, Ali L. Insulin secretion and 
sensitivity in Bangladeshi prediabetic subjects. J Diabetes Complications. 
2010; 24: 37-42. 

23. Abdul-Ghani MA, Jenkinson CP, Richardson DK, Tripathy D, DeFronzo RA. 
Insulin secretion and action in subjects with impaired fasting glucose and 
impaired glucose tolerance: results from the Veterans Administration Genetic 
Epidemiology Study. Diabetes. 2006; 55: 1430-1435.

24. Rhee SY, Woo JT, Chon S, Hwang YC, Oh S, Ahn KJ, et al. Characteristics of 
insulin resistance and insulin secretory capacity in Korean subjects with IFG 
and IGT. Diabetes Res Clin Pract. 2010; 89: 250-255. 

25. Melzer D, Murray A, Hurst AJ, Weedon MN, Bandinelli S, Corsi AM, et al. 
Effects of the diabetes linked TCF7L2 polymorphism in a representative older 
population. BMC Med. 2006; 4: 34.

26. Cauchi S, El Achhab Y, Choquet H, Dina C, Krempler F, Weitgasser R, et 
al. TCF7L2 is reproducibly associated with type 2 diabetes in various ethnic 
groups: a global meta-analysis. J Mol Med (Berl). 2007; 85: 777-782. 

27. Lyssenko V, Lupi R, Marchetti P, Del Guerra S, Orho-Melander M, Almgren P, 
et al. Mechanisms by which common variants in the TCF7L2 gene increase 
risk of type 2 diabetes. J Clin Invest. 2007; 117: 2155-2163.

28. Zhou Y, Park SY, Su J, Bailey K, Ottosson-Laakso E, Shcherbina L, et al. 
TCF7L2 is a master regulator of insulin production and processing. Hum Mol 
Genet. 2014; 23: 6419-6431. 

29. Bacquer O, Kerr-Conte J, Gargani S, Delalleau N, Huyvaert M, Gmyr V, et 
al. TCF7L2 rs7903146 impairs islet function and morphology in non-diabetic 
individuals. Diabetologia. 2012; 55: 2677-2681. 

30. González-Sánchez JL, Martínez-Larrad MT, Zabena C, Pérez-Barba M, 
Serrano-Ríos M. Association of variants of the TCF7L2 gene with increases 
in the risk of type 2 diabetes and the proinsulin:insulin ratio in the Spanish 
population. Diabetologia. 2008; 51: 1993-1997. 

31. Gaulton KJ, Nammo T, Pasquali L, Simon JM, Giresi PG, Fogarty MP, et al. 
A map of open chromatin in human pancreatic islets. Nat Genet. 2010; 42: 
255-259. 

32. Shen J, Fang Y, Ge W. Polymorphism in the transcription factor 7-like 2 
(TCF7L2) gene is associated with impaired proinsulin conversion--A meta-
analysis. Diabetes Res Clin Pract. 2015; 109: 117-123. 

33. Munoz J, Lok KH, Gower BA, Fernandez JR, Hunter GR, Lara-Castro C, et al. 
Polymorphism in the transcription factor 7-like 2 (TCF7L2) gene is associated 
with reduced insulin secretion in nondiabetic women. Diabetes. 2006; 55: 
3630-3634.

34. Price AL, Patterson N, Yu F, Cox DR, Waliszewska A, McDonald GJ, et al. A 
genomewide admixture map for Latino populations. Am J Hum Genet. 2007; 
80: 1024-1036. 

Citation: Perez-Luque E, Rocha-Ortiz LR, Reyes-López R, Cardona-Alvarado MI and Malacara Juan M. 
Association between the Rs7903146 and Rs12255372 Variants of the TCF7L2 Gene and Metabolic Phenotypes 
in Pre-Diabetes (Pre-DM) Subjects. Austin J Endocrinol Diabetes. 2019; 6(1): 1066.

Austin J Endocrinol Diabetes - Volume 6 Issue 1 - 2019
ISSN : 2381-9200 | www.austinpublishinggroup.com 
Perez-Luque et al. © All rights are reserved

https://www.ncbi.nlm.nih.gov/pubmed/29174029
https://www.ncbi.nlm.nih.gov/pubmed/29174029
https://www.ncbi.nlm.nih.gov/pubmed/29174029
https://www.ncbi.nlm.nih.gov/pubmed/29174029
https://www.ncbi.nlm.nih.gov/pubmed/16855264
https://www.ncbi.nlm.nih.gov/pubmed/16855264
https://www.ncbi.nlm.nih.gov/pubmed/16855264
https://www.ncbi.nlm.nih.gov/pubmed/16855264
https://www.ncbi.nlm.nih.gov/pubmed/17437080
https://www.ncbi.nlm.nih.gov/pubmed/17437080
https://www.ncbi.nlm.nih.gov/pubmed/17437080
https://www.ncbi.nlm.nih.gov/pubmed/17437080
https://www.ncbi.nlm.nih.gov/pubmed/17437080
https://ensanut.insp.mx/
https://www.ncbi.nlm.nih.gov/pubmed/3899825
https://www.ncbi.nlm.nih.gov/pubmed/3899825
https://www.ncbi.nlm.nih.gov/pubmed/3899825
https://www.ncbi.nlm.nih.gov/pubmed/3899825
https://www.ncbi.nlm.nih.gov/pubmed/21738892
https://www.ncbi.nlm.nih.gov/pubmed/21738892
https://www.ncbi.nlm.nih.gov/pubmed/29996268/
https://www.ncbi.nlm.nih.gov/pubmed/29996268/
https://www.ncbi.nlm.nih.gov/pubmed/29996268/
https://www.ncbi.nlm.nih.gov/pubmed/29729052
https://www.ncbi.nlm.nih.gov/pubmed/29729052
https://www.ncbi.nlm.nih.gov/pubmed/19010062
https://www.ncbi.nlm.nih.gov/pubmed/19010062
https://www.ncbi.nlm.nih.gov/pubmed/19010062
https://www.ncbi.nlm.nih.gov/pubmed/16644701
https://www.ncbi.nlm.nih.gov/pubmed/16644701
https://www.ncbi.nlm.nih.gov/pubmed/16644701
https://www.ncbi.nlm.nih.gov/pubmed/16644701
https://www.ncbi.nlm.nih.gov/pubmed/20605249
https://www.ncbi.nlm.nih.gov/pubmed/20605249
https://www.ncbi.nlm.nih.gov/pubmed/20605249
https://www.ncbi.nlm.nih.gov/pubmed/17181866
https://www.ncbi.nlm.nih.gov/pubmed/17181866
https://www.ncbi.nlm.nih.gov/pubmed/17181866
https://www.ncbi.nlm.nih.gov/pubmed/17476472
https://www.ncbi.nlm.nih.gov/pubmed/17476472
https://www.ncbi.nlm.nih.gov/pubmed/17476472
https://www.ncbi.nlm.nih.gov/pubmed/17671651
https://www.ncbi.nlm.nih.gov/pubmed/17671651
https://www.ncbi.nlm.nih.gov/pubmed/17671651
https://www.ncbi.nlm.nih.gov/pubmed/22911383
https://www.ncbi.nlm.nih.gov/pubmed/22911383
https://www.ncbi.nlm.nih.gov/pubmed/22911383
https://www.ncbi.nlm.nih.gov/pubmed/18712344
https://www.ncbi.nlm.nih.gov/pubmed/18712344
https://www.ncbi.nlm.nih.gov/pubmed/18712344
https://www.ncbi.nlm.nih.gov/pubmed/18712344
https://www.ncbi.nlm.nih.gov/pubmed/20118932
https://www.ncbi.nlm.nih.gov/pubmed/20118932
https://www.ncbi.nlm.nih.gov/pubmed/20118932
https://www.ncbi.nlm.nih.gov/pubmed/25934528
https://www.ncbi.nlm.nih.gov/pubmed/25934528
https://www.ncbi.nlm.nih.gov/pubmed/25934528
https://www.ncbi.nlm.nih.gov/pubmed/17130514
https://www.ncbi.nlm.nih.gov/pubmed/17130514
https://www.ncbi.nlm.nih.gov/pubmed/17130514
https://www.ncbi.nlm.nih.gov/pubmed/17130514
https://www.ncbi.nlm.nih.gov/pubmed/17503322
https://www.ncbi.nlm.nih.gov/pubmed/17503322
https://www.ncbi.nlm.nih.gov/pubmed/17503322

	Title
	Abstract
	Introduction
	Subjects

	Material and Methods
	Anthropometric and metabolic measurements
	Genotyping of rs7903146 and rs12255372 variants
	Statistical analysis

	Results
	Discussion
	Conclusion
	Funding
	References
	Table 1
	Table 2
	Table 3
	Table 4

