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Abstract
Background: The emerging renal and cardiovascular com-
plications of type 2 diabetes (T2DM) genetics involves dif-
ferently assembled gene variants including transcription 
factor 7-like 2 (TCF7L2) and peroxisome proliferator-acti-
vated receptor gamma 2 (PPARG2) polymorphisms. How-
ever, the relevance of these genes for complication predic-
tion has not been extensively tested. Methods: We ana-
lyzed the SNP rs7903146 variants in TCF7L2 and PPARG2 
gene polymorphisms for their contribution to the inci-
dence of chronic kidney disease (CKD) and cardiovascular 
complications in a prospective cohort study. All T2DM pa-
tients were followed up to estimate the glomerular filtra-
tion rate and cardiovascular outcomes. Cox proportional 
hazards regression models were used to estimate the gen-
otype effect on the incidence of CKD and vascular compli-
cations. Results: A total of 422 patients were included.  

SNP rs7903146 variants in the TCF7L2 gene were classified 
into 3 groups: CC, 385 patients (91.2%), CT, 32 patients 
(7.6%), and TT, 5 patients (1.2%), while in the PPARG2 gene 
they were classified into 2 groups: Pro12Pro, 404 patients 
(95.7%) and Pro12Ala, 18 patients (4.3%). The prevalence 
of CKD, cardiovascular disease, and death at the end of the 
5-year follow-up was 16.8, 29, and 7.9%, respectively. The 
Pro12Ala variant of the PPARG2 gene was significantly as-
sociated with increased CKD risk at the end of the study 
(adjusted HR 3.45, 95% CI 1.01–11.77, p = 0.046); it showed 
a significant association with increased cerebrovascular 
risk, but not cardiovascular disease and mortality. No geno-
type effect of rs7903146 in the TCF7L2 gene was apparent 
on renal and cardiovascular complications, except the TT 
variant of rs7903146 increased cardiovascular events when 
compared with the non-TT variant. Conclusion: The find-
ings of our study were that the Pro12Ala variant in the 
PPARG2 gene was associated with risk of developing CKD 
and cerebrovascular disease in Asian T2DM subjects in a 
prospective cohort study. The TCF7L2 polymorphism was 
not associated with cardiovascular outcomes.

© 2019 S. Karger AG, Basel
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Background

Diabetes mellitus is a common disease present in about 
415 million individuals worldwide and the number of 
subjects with diabetes aged 20–79 years has been predict-
ed to rise to 642 million by 2040 [1]. Patients with type 2 
diabetes (T2DM) have increased cardiovascular disease, 
kidney disease, and patient mortality compared with the 
general population [2]. Pathogenetic factors of vascular 
complications regarding T2DM comprise hemodynamic 
factor, metabolic stimuli, and genetic susceptibility. 
T2DM with macrovascular and microvascular complica-
tions is a classic complex trait, whose development in a 
given individual likely reflects contributions from mul-
tiple genes whose expression is modulated by environ-
mental factors [3, 4].

Genome-wide association studies have disclosed chro-
mosomic regions containing diabetes mellitus suscepti-
bility genes in chromosome 10q, which were later defined 
as local variations in the transcription factor 7-like 2 (TC-
F7L2) gene, especially rs7903146 (T allele), which is as-
sociated with the strongest risk of developing T2DM [5]. 
In addition, the peroxisome proliferator-activated recep-
tor gamma 2 (PPARG2) gene, located on chromosome 
3p, is associated with developing T2DM and vascular 
complications. A common C to G base exchange leads to 
the substitution of proline to alanine in codon 12 of exon 
2 in the PPARG2 gene (the Pro12Ala polymorphism). 
This substitution is within the domain that enhances li-
gand-independent activation, and a functional study has 
shown that the Ala isoform leads to less efficient stimula-
tion of PPARG2 target genes associated with increased 
risk of T2DM [6, 7].

Though the results of studies of TCF7L2 and PPARG2 
polymorphisms and diabetic complications have been 
conflicting, several studies have suggested an association 
of the rs7903146 (T allele) of TCF7L2 and the Pro12Ala 
allele of the PPARG2 gene with vascular complications 
and mortality regarding T2DM [8, 9]. In this study, we 
aimed to study the influence of the TCF7L2 rs7903146 
and PPARG2 Pro12Ala polymorphisms on the risk of 
cardiovascular disease, renal complications, and mortal-
ity among Asian individuals with T2DM.

Methods

Subjects
The study employed a prospective cohort design. The patients 

were followed up from May 2011 to December 2015. Inclusion cri-

teria of the study included age 18 years or older, and having T2DM. 
Exclusion criteria included active malignancy, severe heart, lung, 
or liver disease, previous stroke, chronic infection, e.g., tuberculo-
sis within 1 year of starting the study, and any immunological or 
inflammatory disorders. All patients with T2DM aged > 18 years 
attending the outpatient clinic at Phramongkutklao Hospital were 
invited to participate in the study of genetic risk factors for devel-
oping diabetic micro- and macrovascular complications. T2DM 
was diagnosed according to the 2015 American Diabetes Associa-
tion diagnostic criteria for diabetes. A complete medical history 
was taken, a physical examination was conducted, and phenotypic 
characteristics were recorded for all subjects.

Laboratory Testing
All of the patients underwent a standardized clinical and labo-

ratory evaluation. The serum concentration of creatinine was mea-
sured using the enzymatic method. Glomerular filtration rate 
(GFR) was estimated from calibrated serum creatinine using the 
2009 Chronic Kidney Disease Epidemiology Collaboration (CKD-
EPI) creatinine equation, and hemoglobin A1c was determined by 
standard HPLC techniques. 

TCF7L2 and PPARG2 Polymorphism Genotyping
Genomic DNA was extracted from 5 mL of peripheral blood 

using a standard salting-out procedure. Polymerase chain reaction 
(PCR) primers used for the s7903146 polymorphism of TCF7L2 
were: rs7903146-F TTAGAGAGCTAAGCACTTTTTAGGTA 
and rs7903146-R ACTAAGTTACTTGCCTTCC. PCR primers 
used for Pro12Ala polymorphism of PPARG2 were: Pro12A-F 
GCCAATTCAAGCCCAGTC and Pro12A-R GATATGTTTG-
CAGACAGTGTATCAGTGAAGGAATCGCTTTCCG. The stud-
ied polymorphism was detected by PCR-restriction fragment 
length polymorphism assay (PCR-RFLP) (Taqman SNP genotype 
assay by ABI 7900HT Sequence Detection System). The quality 
control for these assays was assessed by randomly selecting 50 sam-
ples that were re-genotyped by an independent technician. Ob-
served concordance between genotyping assays was 100%.

Clinical Outcomes
Chronic kidney disease (CKD) was defined as having an esti-

mated GFR < 60 mL/min/1.73 m2 and end-stage renal disease 
(ESRD) was defined as having an estimated GFR < 15 mL/min/ 
1.73 m2 or requiring long-term renal replacement therapy. Cardio-
vascular events were defined as a new onset of acute coronary syn-
drome, myocardial infarction, unstable angina, or new cardiac 
procedure. Cerebrovascular events were defined as a new onset of 
transient ischemic attack, cerebral ischemia, or cerebral hemor-
rhage. The endpoints were all-cause mortality, cardiovascular 
events (including acute coronary syndrome, myocardial infarc-
tion, unstable angina, or new cardiac procedure) and renal events 
(including CKD and ESRD).

Statistical Analysis
Normally distributed variables are presented as mean ± SD, 

whereas nonnormally distributed variables are presented as me-
dian with interquartile range (IQR). Differences in categorical 
variables were tested for statistical significance using the χ2 test. 
For continuous variables the t test and ANOVA were applied. All 
time-to-endpoint variables were analyzed using a log-rank test and 
displayed on Kaplan-Meier plots. Cox regression models were 
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used to estimate the unadjusted and adjusted hazard ratios (HR) 
with 95% confidence intervals (CI). A p value of 0.05 or less was 
considered statistically significant. All calculations were per-
formed using a commercially available program (SPSS for Win-
dows, Version 15.0).

Results

Baseline Characteristics
The study enrolled 422 patients with T2DM accord-

ing to PPARG2 and TCF7L2 genotypes. In the entire 
population, the Pro12Ala polymorphism of PPARG2 
genotype frequencies were: Pro12Pro = 96% (n = 404) 
and Pro12aAla = 4% (n = 18). The rs7903146 polymor-
phism of TCF7L2 genotype frequencies were: CC = 
91% (n = 385); CT = 8% (n = 32), and TT = 1% (n = 5) 
(Fig. 1). 

This study population included 48.5% males with a 
mean age of 62 ± 11.8 years. Mean estimated GFR was 
72.8 ± 31.8 mL/min/1.73 m2. The prevalence of hyperten-
sion, dyslipidemia, and history of coronary artery disease 
was 95.0, 95.9, and 14.9%, respectively. The baseline clin-
ical and laboratory data of all patients according to geno-
type of PPARG2 and TCF7L2 polymorphisms are shown 
in Tables 1 and 2, respectively. No differences were found 
in genotype frequencies for age, sex, systolic blood pres-
sure, diastolic blood pressure, LDL cholesterol, serum 
creatinine, and estimated GFR.

PPARG2 Polymorphism and Vascular Complications 
During a median follow-up time of 60 (IQR 48–60) 

months, 67, 37, and 35 patients developed cardiovascular 

events, cerebrovascular events, and death, respectively. 
Variants of PPARG2 (Pro12Ala) were significantly asso-
ciated with increased incidence of cerebrovascular events 
(22.2 vs. 8.1%, p = 0.04), but not with the incidence of 
cardiovascular events and death (Table 3).

No difference in the incidence of ESRD was found by 
the PPARG2 genotype, but the incidence of ESRD 
(4.9%) occurred only in the Pro12Pro genotype group. 
Further analysis was determined in a subgroup of pa-
tients with baseline GFR > 60 mL/min/1.73 m2 for ex-
ploring the incidence of CKD. Among 375 patients with 
baseline estimated GFR > 60 mL/min/1.73m2, patients 
with the Pro12Ala genotype developed CKD signifi-
cantly more than those with the Pro12Pro genotype (75 
vs. 49.3%, p = 0.044). The Kaplan-Meier curve for the 
progression of CKD in the two genotype groups is pre-
sented in Figure 2. Patients with the Pro12Ala genotype 
were associated with a significantly higher incidence of 
CKD than patients with the Pro12Pro genotype (p = 
0.034, log-rank test). Finally, after adjusting for several 
established risk factors for developing kidney disease, 
only the Pro12Ala genotype (adjusted HR 3.75, 95% CI 
1.10–12.81, p =  0.047), hypertension (adjusted HR 
16.61, 95% CI 1.98–123.29, p =  0.009), and nonhypogly-
cemic agent (adjusted HR 3.45, 95% CI 1.46–8.12, p =   
0.0095) were significantly and independently associat-
ed with CKD incidence (Table 4).

TCF7L2 Polymorphism and Vascular Complications
The TT variant of rs7903146 showed a significantly 

higher incidence of cardiovascular events (60 vs. 15.8%, 
p = 0.01) compared with the non-TT variant of 
rs7903146. However, the TCF7L2 polymorphism was 

CC
n = 385 (91%)

CT
n = 32 (7.5%)

TCF7L2 genotypes

T2DM patients
n = 442

TT
n = 5 (1.2%)

Pro12Pro
n = 404 (96%)

Pro12Ala
n = 18 (4%)

PPARG2 genotypes

T2DM patients
n = 442

Ala12Ala
n = 0

Fig. 1. Patients categorized by genotype.
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Table 1. Baseline characteristics categorized by PPARG2 genotype

Pro12Ala
(n = 18)

Pro12Pro
(n = 404)

p value

Male 8 (44.4) 197 (49.1) 0.659
Age, years 62.9±8.8 62.0±11.8 0.742
RAAS blockage 9 (50) 281 (69.9) 0.074
Aspirin 18 (100) 327 (81.3) 0.053

Comorbid diseases
Hypertension 17 (94.4) 384 (95.1) 0.609
Dyslipidemia 18 (100) 387 (95.8) 1.000
Cardiovascular disease 3 (16.7) 60 (14.9) 0.740

Clinical findings
Systolic blood pressure, mm Hg 133.9±4.9 134.8±5.9 0.532
Diastolic blood pressure, mm Hg 83.1±5.8 82.2±5.4 0.504

Laboratory findings
Fasting plasma glucose, mg/dL 132.3±32.3 136.3±45.4 0.713
Hemoglobin A1c, % 6.9±1.2 7.2±1.3 0.304
LDL, mg/dL 97.7±21.0 106.7±50.7 0.456
Estimated GFR, mL/min/1.73 m2 64.9±16.9 73.3±25.2 0.064

Data are presented as mean ± SD or n (%), as appropriate. RAAS blockage, renin angiotensin aldosterone 
system blockage; LDL, low-density lipoprotein; GFR, glomerular filtration rate.

Table 2. Baseline characteristics categorized by TCF7L2 genotype

CT
(n = 32)

CC
(n = 385)

TT
(n = 5)

p value

Male 17 (53.1) 187 (48.9) 1 (20) 0.312
Age, years 58.1±10.3 62.3±11.8 66.0±9.3 0.110
RAAS blockage 20 (62.5) 267 (69.7) 3 (60) 0.634
Aspirin 24 (75) 317 (82.3) 4 (80) 0.540

Comorbid diseases
Hypertension 30 (93.7) 366 (95.0) 5 (100) 0.830
Dyslipidemia 28 (87.5) 372 (96.6) 5 (100) 0.037
Cardiovascular disease 3 (9.38) 57 (14.8) 3 (60) 0.012

Clinical findings
Systolic blood pressure, mm Hg 133.5±5.9 134.8±5.8 139.8±1.5 0.076
Diastolic blood pressure, mm Hg 82.2±5.1 82.3±5.4 84.2±6.5 0.726

Laboratory findings
Fasting plasma glucose, mg/dL 140.2±38.9 135.9±45.6 123.4±24.8 0.713
Hemoglobin A1c, % 7.2±1.8 7.2±1.3 7.3±1.1 0.986
LDL, mg/dL 106.7±37.4 105.9±50.8 131.4±38.1 0.525
Estimated GFR, mL/min/1.73 m2 72.3±31.8 72.8±24.4 87.0±20.0 0.526

Data are presented as mean ± SD or n (%), as appropriate. RAAS blockage, renin angiotensin aldosterone 
system blockage; LDL, low-density lipoprotein; GFR, glomerular filtration rate.
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not associated with increased risk of cardiovascular 
events, cerebrovascular events, and death using Cox re-
gression models  (Table 5). However, no difference in 
the incidence of CKD was found between the TCF7L2 
genotype (TT genotype: 0%, CT genotype: 30%, and 
CC genotype: 25.4%, p = 0.452) and ESRD (TT geno-
type: 0%, CT genotype: 9.3%, and CC genotype: 4.4%, 
p = 1.000). 

Discussion

This study, conducted in a representative sample of 
patients with T2DM, showed that the Pro12Ala polymor-
phism of PPARG2 was significantly associated with in-
creased incidence of CKD and the Pro12Ala variant had 
a significantly higher incidence of cerebrovascular events. 
The Pro12 allele is more common in the Thai population 

Table 3. Incidence of vascular complications and mortality categorized by PPARG2 genotype during the 5-year follow-up

Pro12Ala
(n = 18)

Pro12Pro
(n = 404)

p value Hazard ratio
(Pro12Ala vs. 
Pro12Pro)

95% CI

Cardiovascular events 4 (22.2) 63 (15.6) 0.506 1.58 0.50–5.02
Cerebrovascular events 4 (22.2) 33 (8.1) 0.040 2.34 0.64–8.56
Chronic kidney disease 12 (75) 177 (49.3) 0.040 1.52 1.12–2.05
Rapid decline in GFR

>5 mL/min/1.73 m2/year 6 (33.3) 143 (35.4) 0.814 0.89 0.32–2.45
>10% of baseline 13 (72.2) 230 (56.9) 0.209 2.05 0.66–6.41
>25% of baseline 4 (22.2) 111 (27.5) 0.591 0.73 0.23–2.29

Average GFR change per year, mL/min/1.73 m2 5.2±4.36 5.18±7.34 0.986 1.01 0.94–1.07
End-stage renal disease 0 (0) 20 (4.9) 1.000 0.01 0.16–8.04 
Mortality 2 (11.1) 33 (8.1) 0.654 1.41 0.31–64.3

Data are presented as mean ± SD or n (%), as appropriate. Percentage indicates the percentage of incidence within 5-year comparison 
between genotype groups. Incidence was calculated by χ2 test, and Cox regression models were used to estimate the hazard ratios with 
95% CI. Significant was defined as p value <0.05.

1.00

0.75

0.50

0.25

0
0 1 2

Duration, yearsa
3 4

p = 0.0335

5

Pro12Pro
Pro12Ala

1.00

0.75

0.50

0.25

0
0 1 2

Duration, yearsb
3 4

p = 0.448
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TT
CT
CC

Fig. 2. Kaplan-Meier values of PPARG2 and TCF7L2 genotypes on renal survival among 268 patients with T2DM 
after 5 years of follow-up. a Pro12Ala had a significantly higher incidence of CKD (p = 0.0335). b No difference 
in incidence of CKD was found between TCF7L2 genotypes.
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than in Caucasian populations (98 vs. 88%) [10]. In con-
trast, the TT genotype of TCF7L2 was associated with a 
significantly higher incidence of cardiovascular events 
during the 5 years of follow-up.

Individual susceptibility to diabetic nephropathy is 
well recognized even with the same environmental expo-
sure. Polymorphisms of PPARG2 genes might be in-
volved in the process of diabetic nephropathy. Expression 
of PPARG2 is found in the kidney including in the glom-
eruli, mesangial cells, and medullary collecting ducts [11, 
12]. A related series of studies have investigated the asso-
ciation between the Pro12Ala polymorphism of PARG2 
and diabetic nephropathy susceptibility, but provided in-
conclusive results [13–19]. Some studies reported that the 
Ala12 allele protected patients from worsening albumin-
uria and improving GFR in T2DM [14–16]. In contrast, 
in patients with type 1 diabetes with overt diabetic ne-
phropathy, the Ala allele is associated with enhanced de-
cline in GFR and predicts ESRD in Caucasian popula-
tions [17]. Similarly, studies in Asian populations found 

that the Pro12Ala polymorphism was significantly more 
likely to be associated with ESRD among patients without 
T2DM and predicted the mortality in patients with ESRD 
with T2DM [18]. Our study confirmed that the Pro12Ala 
variant in the PPARG2 gene was associated with in-
creased incidence of CKD, but not associated with ESRD. 
Different ethnic compositions and genetic susceptibility 
to nephropathy of the populations studied may partly ex-
plain discrepancies in the findings.

PPARG2 has a key role in the molecular pathophysiol-
ogy of lipid metabolism, obesity, and T2DM and is in-
volved in regulating conventional cardiovascular risk fac-
tors [20]. More recent studies have indicated that PPARG2 
regulates the transcription and expression of numerous 
target genes, which have been shown to be involved in 
adipocyte differentiation, oxidative stress, and athero-
sclerosis [21]. Two meta-analyses demonstrated that the 
PARG2 Pro12Ala polymorphism might be an inconsis-
tent risk-conferring locus for the progression of coronary 
artery disease among Caucasians, but not among Asians 

Predictor variables Adjusted 
HR1

95% CI p value

Pro12Ala 3.75 1.10–12.81 0.035
Hypertension 16.61 1.98–123.29 0.009
Hyperlipidemia 4.72 0.96–23.08 0.056
Hemoglobin A1c 0.98 0.83–1.16 0.813
Nonhypoglycemic agent 3.45 1.46–8.12 0.005

1 Adjusted for hypertension, hyperlipidemia, hemoglobin A1c, and nonhypoglycemic 
agents.

Table 5. Incidence of vascular complications and mortality categorized by TCF7L2 genotype during the 5-year follow-up

CC
(n = 385)

CT
(n = 32)

TT
(n = 5)

p value Hazard ratio 
(CC vs. CT)

95% CI p value 

Cardiovascular events 61 (15.8) 3 (9.3) 3 (60) 0.016 1.04 0.98–1.11 0.329
Cerebrovascular events 34 (8.8) 3 (9.3) – 0.780 0.99 0.90–1.1 0.917
Chronic kidney disease 174 (50.6) 15 (55.6) – 0.300 0.99 0.94–1.05 0.854
End stage renal disease 17 (4.4) 3 (9.3) – 1.000 0.92 0.76–1.11 0.207
Mortality 33 (8.6) 2 (6.2) – 0.716 1.02 0.94–1.12 0.649

Data are presented as n (%). Percentage indicates the percentage of incidence within 5-year comparison between genotype groups. 
Incidence was calculated by χ2 test, and Cox regression models were used to estimate the hazard ratios with 95% CI. Significant was 
defined as p value <0.05.

Table 4. Cox proportional hazards model-
ing for developing CKD
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[22, 23]. It has been suggested the racial genetic diversity 
plays an important role in the etiology of atherosclerosis, 
similar to our findings in a Thai population. In addition, 
our study indicated that variants of PPARG2 (Pro12Ala) 
showed a significantly higher incidence of stroke than 
had been documented in related studies of patients with 
T2DM [24]. However, we found no association between 
the PPARG2 polymorphism and risk of stroke using Cox 
regression models. As to these findings, further studies 
are needed.

The TCF7L2 encoded protein TCF-4 plays a distinct 
role in the Wnt signaling pathway, which has been 
shown to take part in vascular remodeling, endothelial 
cell growth, and expression of several inflammatory 
genes implicated in atherosclerosis [25, 26]. Several 
studies have reported the association of the TCF7L2 
polymorphism rs7903146 with coronary artery disease 
and the progression of kidney disease in diabetic and 
nondiabetic subjects [27–31]. In contrast to related 
studies, in the ARIC study population, using more than 
13,000 subjects, the TCF7L2 SNP rs7903146 did not 
demonstrate a significant association with incidence of 
coronary disease, ischemic stroke, peripheral artery dis-
ease, or all-cause mortality [32]. Our results did not 
show a significant association between TCF7L2 
rs7903146 (TT genotype) with coronary heart disease 
and kidney disease in T2DM, but our study comprised 
a small number of patients with the TT genotype. The 
different results may be due to differences in race, daily 
activity, nutrient intake, and economic status. Consid-
ering that this constituted a genetic study of association, 
one limitation was the possibility of other nonevaluated 
variables that, by acting as confounders, could play sig-
nificant roles in the findings.

The present study has several limitations. First, the 
number of patients with some variation of genotypes in-
cluding TT and Pro12la polymorphism in the study were 
limited (TT group n = 5, Pro12Ala group n = 18). Second, 
limitations exist regarding the relative short period of fol-
low-up and the small number of ESRD patients. The latter 
in general reduced the power to show a statistically sig-
nificant relation. Third, data of albuminuria, hematuria, 
and imaging of kidneys are unavailable; the participants 
with GFR ≥60 mL/min/1.73 m2 and evidence of kidney 
damage might be classified in the non-CKD group in the 
analysis. Finally, we did not perform tests for silent cere-
brovascular or cardiovascular disease in asymptomatic 
patients with T2DM. However, the findings have added 
extra evidence to the literature concerning this area for 
further research.

Conclusion

The findings of our study confirmed that the Pro12Ala 
variant in the PPARG2 gene was associated with the risk 
of developing CKD and cerebrovascular events in Asian 
T2DM subjects in the prospective cohort population. TC-
F7L2 polymorphism was not associated with cardiovas-
cular outcomes. Further investigations are warranted to 
understand the pathway-based functional implications of 
the important loci in the PPARG2 gene.
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