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ABSTRACT. The association of single nucleotide polymorphisms (SNPs) 
in PPARγ with hypertension is controversial. The aim of the present study 
was to clarify the contributions of PPARγ genetic variants to hypertension 
through an association study. A total of 414 unrelated Mongolian herdsmen 
and 524 Han farmers were included in this study. Fourteen intronic SNPs 
were analyzed and genotyped using a polymerase chain reaction/ligase 
detection reaction assay. Prior to correction for multiple testing, the SNPs 
rs6802898 and rs12633551 were significantly associated with the prevalence 
of hypertension in the Han and Mongolian populations, respectively. 
The genetic association of each SNP with hypertension was individually 
tested using logistic regression. The SNP rs6802898 was associated with 
hypertension in both dominant (P = 0.033) and additive models (P = 0.026) 
in the Han population, whereas the SNP rs12633551 was associated with 
hypertension in both dominant (P = 0.014) and additive models (P = 0.0073) 
in the Mongolian population. Moreover, SNP rs12633551 had a significant 
effect on systolic and diastolic blood pressure response. However, none of 
these associations were statistically significant after Bonferroni correction 
for multiple testing, although there was a significant difference among the 
haplotypes in the Han and Mongolian populations. Interestingly, there 
was an association of the PPARγ haplotypes with hypertension even after 
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Bonferroni correction. Thus, determination of the PPARγ haplotypes in 
different populations may prove informative for assessment of the genetic 
risk for hypertension.

Key words: Essential hypertension; Haplotype; Mongolian population; 
PPARγ gene

INTRODUCTION

Hypertension is a major risk factor for developing ischemic heart disease, heart failure, 
cerebrovascular disease, atrial fibrillation, and chronic kidney disease (Benjamin et al., 1994; 
Kearney et al., 2004; Manolis et al., 2012). It has been shown to be the major cause of death 
over any other recognized risk factor globally. A report from the World Health Organization (WHO) 
indicated that, annually, 7.6 million premature deaths (13.5% of the global total) are caused by 
elevated systolic blood pressure (SBP) levels of 115 mmHg or above (Lawes et al., 2008).

Essential hypertension (EH) is a complex trait and the underlying pathogenic mechanism 
is still poorly understood because of interplay between multiple genes and environmental factors. 
Familial studies showed a higher proportion of offspring with aggregation of blood pressure (BP) 
when parents had a history of hypertension with rates ranging from 20 to 66% in the general 
population (Harrap, 1994; Fuentes et al., 2000). In addition, the heritability estimates for EH from 
studies of monozygotic twins and dizygotic twins are greater than 50% (Fagard et al., 1995; Somes 
et al., 1995). Although the heritability of hypertension has been established, the majority of the 
causative genes remain unknown.

Peroxisome proliferator-activated receptor γ (PPARγ) is a member of the steroid 
hormone receptor superfamily and is activated by a variety of chemical compounds and 
natural ligands (Desvergne and Wahli, 1999). It also has a well-recognized role in regulating 
multiple metabolic processes. PPARγ can regulate BP by modulation of the renin angiotensin 
aldosterone system (RAAS), which is an important pathway in managing systemic BP and 
interstitial fluid volume (Roszer and Ricote, 2010). In transgenic and knockout mice studies with 
mutant PPARγ, it has been demonstrated that quantitative variants causing decreased PPARγ 
expression are potential contributors to EH (Halabi et al., 2008; Tsai et al., 2009). In humans, 
the role of PPARγ in BP regulation has been also revealed by genetic studies of patients with 
mutations in the PPARγ protein. However, it is still disputed whether the association of BP 
regulation and PPARγ mutations is dependent on insulin sensitivity (Deeb et al., 1998; Barroso 
et al., 1999; Ostgren et al., 2003).

A polymorphism in PPARγ2 (Pro12Ala) has been widely studied for its link to BP. Our 
previous study showed that the PPARγ2 Pro12Ala SNP is involved in genetic susceptibility to 
hypertension and metabolic lipid disorders in the Han population of Inner Mongolia (Gao et al., 
2010). However, the association of PPARγ2 Pro12Ala with hypertension is controversial in other 
populations (Douglas et al., 2001; Ostgren et al., 2003; Rodriguez-Esparragon et al., 2003; Yliharsila 
et al., 2004; Gouni-Berthold et al., 2005; Sookoian et al., 2005). The analysis of haplotypes can 
provide additional information to investigate associations, particularly if the SNPs in the candidate 
gene are not causative. The aim of the present study was to clarify the contributions of PPARγ 
genetic variant haplotypes to hypertension through an association study.
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MATERIAL AND METHODS

Subjects and measurements

Subjects aged 20-75 years were enrolled from two villages in Duolun and three villages 
in Erenhot, Xilin Gol League, Inner Mongolia. Subjects with a history of secondary hypertension, 
stroke, coronary heart disease, diabetes, kidney failure, thyroid gland disease, or excessive drinking 
were excluded from this study. A total of 414 unrelated Mongolian herdsmen and 524 Han farmers 
were enrolled, including 177 Mongolian EH patients, 237 Mongolian normotensives (controls), 285 
Han EH patients, and 239 Han normotensives (controls). However, 19 Mongolian EH patients 
did not undergo DNA genotyping. Each subject was from a family that had been living in Inner 
Mongolia for at least three generations without a history of mixed marriage. In 1999, the WHO 
defined hypertension as an SBP of at least 140 mmHg and/or diastolic blood pressure (DBP) of at 
least 90 mmHg, or antihypertension treatment. This definition was adopted in this study. Individuals 
with secondary hypertension, diabetes mellitus, or severe liver, kidney and thyroid dysfunction were 
excluded from the study. The normotensive group was selected based on the following criteria: SBP 
of less than 140 mmHg, DBP of less than 90 mmHg, and no previous diagnosis of EH. The subjects 
were seated in a quiet situation and prevented from smoking, exercising, or drinking alcohol, tea 
or coffee for at least 1 h before the physical examination. The following data were recorded for 
each subject: name, age, gender, nationality, height, weight, body mass index (BMI), history of 
alcohol and tobacco use, and BP (SBP and DBP). Smoking was defined as smoking at least one 
cigarette per day for at least 1 year, and alcohol consumption was defined as consuming 50 g or 
more of alcohol per day for at least 1 year. BP was measured three times, with a 2-min interval 
between each measurement. SBP was recorded to the nearest 2 mmHg at the appearance of the 
first Korotkoff sound (phase I), and DBP was recorded to the nearest 2 mmHg at the disappearance 
of the fifth Korotkoff sound (phase V). The SBP and DBP values were calculated as the means 
of three consecutive physician-obtained measurements. Body weight and height were measured 
with subjects wearing only light indoor clothing and no shoes. BMI was calculated by dividing 
weight (kg) by height squared (m2). Blood samples were collected after an overnight fast, and 
total plasma cholesterol (TC), triacylglycerides (TG), high-density lipoprotein cholesterol (HDL-C), 
and low-density lipoprotein cholesterol (LDL-C) were measured within 8 h of blood collection in a 
local hospital. Informed consent was obtained from all subjects. The protocol was reviewed and 
approved by the Ethics Committee of Affiliated Hospital of Inner Mongolia Medical College.

DNA isolation and genotyping 

Tag SNPs were selected from the Chinese HapMap database (http://www.hapmap.org) 
using the Haploview program. Genomic DNA was extracted from peripheral blood leukocytes using 
a commercial blood DNA extraction kit (TaKaRa Biotechnology, Dalian, Chi na) and was stored 
at -20°C. Fourteen tag SNPs of PPARγ were genotyped using the polymerase chain reaction 
(PCR)/ligase detection reaction assay. Primers were synthesized by Shanghai Sangon Biological 
Engineering Technology & Services (China). Each set of ligase detection reaction probes comprised 
one common probe and two discriminating probes. 

The target DNA sequences were amplified using a multiplex PCR method. PCR was 
carried out in a final volume of 10 μL, containing 1X PCR buffer, 3 mM MgCl2, 2 mM deoxynucleotide 
triphosphate, 0.2 mM each primer, 0.2 μL Qiagen HotStarTaq Polymerase (QIAGEN, Shenzhen, 
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China), 4 μL 1X Q-solution, and 10-20 ng genomic DNA. Thermal cycling was performed for all SNP 
loci in a Gene Amp PCR system 9600 (PerkinElmer, Waltham, MA, USA) with the following program: 
an initial denaturation step at 95°C for 5 min; 35 cycles of denaturation at 94°C for 40 s, annealing 
at 55°C for 50 s, and extension at 72°C for 1 min; and final extension of 7 min at 72°C. The ligation 
reactions were carried out in a final volume of 10 μL, containing 1X NEB Taq DNA ligase buffer, 12.5 
pmol each probe mix, 0.05 μL Taq DNA ligase (NEB Biotechnology, Beijing, China), and 1 μL multi-
PCR product. A total of 35 cycles of ligase detection reaction were performed with 95°C for 2 min, 
94°C for 30 s, and 60°C for 2 min. The fluorescent products of the ligase detection reaction were 
differentiated by Applied Biosystems 3730 DNA Analyzer (Applied Biosystems, USA).

Statistical analysis

The quantitative variables were tested with the Student t-test or one-way analysis of variance. 
Categorical data were compared by the chi-square test (χ2) or the Fisher test analysis. The allele 
frequencies, genotype frequencies, and Hardy-Weinberg equilibrium (HWE) were calculated for both 
the hypertension cases and controls by the chi-square test or the Fisher test analysis using SHEsis (Shi 
and He, 2005). For the haplotype analysis, the genotype data were used to measure the coefficient D’ 
of linkage disequilibrium (LD) to construct haplotypes. Haplotypes with frequencies >3% in the entire 
sample set were included in the association tests using the SHEsis software (Shi and He, 2005). 
The genetic association between the PPARγ polymorphisms and susceptibility to hypertension was 
individually tested by logistic regression with the following as covariates: gender, age, HDL level, TG 
level, TC level, LDL level, tobacco use, alcohol consumption, and BMI. For logistic regression, a web-
based SNP analysis tool (Biostatistics and Bioinformatics Unit, Catalan Institute of Oncology, http://
bioinfo.iconcologia.net/ubbweb/SNPStats_web, was applied to assess each SNP genotype according 
to the three genetic models: additive, dominant, and recessive. ORs and 95%CIs for hypertension 
were reported. The association of individual SNPs (additive, dominant, and recessive genetic models) 
with clinical characteristics was tested using the SPSS software (SPSS Inc., Chicago, IL, USA).

The effects of individual SNP genotypes on SBP and DBP of all the subjects were 
evaluated by general linear models adjusted with covariates (gender, ethnicity, tobacco use, alcohol 
consumption, HDL level, TG level, TC level, LDL level, BMI, height, and weight) using the SPSS 
software. The Bonferroni correction was used to adjust P values for multiple measures as needed.

RESULTS

Clinical characteristics and EH 

The clinical characteristics of hypertensive patients and controls in the Mongolian and 
Han populations are summarized in Table 1. Age, BMI, SBP, and DBP were significantly higher 
in hypertensive individuals than in the controls in both the Han and Mongolian populations. The 
gender distribution was similar between hypertensive individuals and controls in both populations. 
Subjects with hypertension had significantly lower levels of HDL-C compared with normotensive 
subjects in the Han population, whereas this difference was not observed in the Mongolian 
population. However, there were significant differences in LDL-C levels, TC levels, and alcohol 
consumption between hypertensive patients and controls in the Mongolian population. For TG 
levels and nicotine use (smoking), significant differences were observed between hypertensive 
patients and controls but with opposite trends in Mongolian and Han populations. The level of TG 
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and proportion of subjects who smoked were higher in controls than in subjects with hypertension 
in the Han population. Conversely, the level of TG and proportion of subjects who smoked were 
higher in subjects with hypertension than controls in the Mongolian population.

Table 1. Characteristics of normotensive and hypertensive Mongolian and Han subjects.

  Han   Mongolian

 Controls (N = 239) Hypertension (N = 285) P Controls (N = 237) Hypertension (N = 177) P

Gender (Male/Female) 155/84 185/100   0.989 98/139 66/111 0.403
Age (years)     45.96 ± 10.68   49.85 ± 11.92 <0.001   40.94 ± 11.29   51.53 ± 11.50 <0.0001
BMI (kg/m2)   23.89 ± 3.31 25.30 ± 2.57   <0.0001 22.64 ± 3.31 24.32 ± 2.99 <0.0001
SBP (mmHg) 117.77 ± 9.94 146.77 ± 18.03   <0.0001 108.57 ± 12.41 162.32 ± 28.82 <0.0001
DBP (mmHg)   76.21 ± 8.17   90.20 ± 12.37   <0.0001 71.09 ± 9.09 104.41 ± 14.41 <0.0001
HDL-C (mM)     1.57 ± 0.70   1.20 ± 0.41   <0.0001   1.98 ± 1.42   2.01 ± 1.62 0.851
LDL-C (mM)     2.90 ± 0.82   3.01 ± 0.94   0.157   2.58 ± 1.05   3.59 ± 1.32 <0.0001
TG (mM)     3.00 ± 1.75   2.09 ± 1.59     0.0001   1.58 ± 0.91   2.23 ± 1.28 <0.0001
TC (mM)     5.08 ± 1.29   4.94 ± 0.96   0.161   3.72 ± 1.35   5.31 ± 1.95 <0.0001
Smoking (No/Yes) 165/74 219/66   0.044 227/10 142/35 <0.0001
Alcohol consumption (No/Yes) 156/83 192/93   0.613 201/36 120/57 <0.0001

Clinical characteristics of age, BMI, SBP, DBP, HDL-C, LDL-C, TG, and TC are given as means ± SD and other values 
as number of individuals. BMI = body mass index; SBP = systolic blood pressure; DBP = diastolic blood pressure; 
HDL-C = high-density lipoprotein cholesterol; TG = triglycerides; TC = total cholesterol; and LDL-C = low-density 
lipoprotein cholesterol.

Genotype distributions

The genotypic and allelic frequencies of all polymorphisms in the two separate populations 
and combined population complied with the Hardy-Weinberg equilibrium in both hypertensive 
patients and normotensive controls (data not shown). Comparison of genotype distributions 
between hypertensive individuals and controls by the χ2-test revealed that the presence of the 
rs6802898 and rs12633551 SNPs was significantly related to the prevalence of hypertension in the 
Han (P = 0.038) and Mongolian populations (P = 0.04), respectively (Table 2). However, there was 
no difference in the genotype distribution and allelic frequency in the combined populations. SNPs 
rs6802898 (P = 0.011) and rs13306745 (P = 0.019) had significantly different allelic frequencies 
between hypertensive individuals and controls in the Han population. SNP rs12633551 (P = 0.014) 
had significantly different allelic frequencies between hypertensive individuals and controls in the 
Mongolian population. However, when adjusted for multiple measures with a Bonferroni correction, 
none of the P values (P > 0.05) were statistically significant in the Han and Mongolian populations.

Genotypic association of SNPs with hypertension

The genetic association of each SNP with hypertension was individually tested in dominant, 
recessive, and additive genetic models using logistic regression with hypertension and adjusted for 
gender, age, HDL level, TG level, TC level, LDL level, nicotine use, alcohol consumption, and BMI 
(Table 3). None of the SNPs had an effect on hypertension in the combined population. In the Han 
population, the rs6802898 SNP was associated with hypertension in both the dominant (P = 0.033) 
and additive models (P = 0.026), and the rs12633551 SNP was associated with hypertension in both 
the dominant (P = 0.014) and additive models (P = 0.0073) in the Mongolian population. However, 
following Bonferroni correction for multiple measures, no statistically significant associations were 
observed (P > 0.05).



19300L. Yang et al.

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 14 (4): 19295-19308 (2015)

Ta
bl

e 
2.

 F
re

qu
en

cy
 d

is
tri

bu
tio

n 
of

 P
PA

R
γ 

ge
no

ty
pe

s 
an

d 
al

le
le

s 
in

 a
ll 

su
bj

ec
ts

.

 
 

 
H

an
 

 
 

M
on

go
lia

n 
   

   
 

C
om

bi
ne

d 
po

pu
la

tio
n

 
 

H
yp

er
te

ns
io

n 
C

on
tro

ls
 

P 
(P

co
rr

)*
 

H
yp

er
te

ns
io

n 
C

on
tro

ls
 

P 
(P

co
rr

)*
 

H
yp

er
te

ns
io

n 
C

on
tro

ls
 

P 
(P

co
rr

)*
 

 
(N

 =
 2

85
) 

(N
 =

 2
39

) 
 

(N
 =

 1
58

) 
(N

 =
 2

37
) 

 
(N

 =
 4

43
) 

(N
 =

 4
76

)

rs
29

38
39

2 
C

C
 

  6
5 

(0
.2

3)
 

  3
9 

(0
.1

6)
 

0.
13

6 
  2

8 
(0

.1
8)

 
  4

9 
(0

.2
2)

 
0.

49
0 

  9
3 

(0
.2

1)
 

  8
8 

(0
.1

9)
 

0.
52

7
 

C
T 

13
4 

(0
.4

8)
 

12
8 

(0
.5

4)
 

 
  7

8 
(0

.5
0)

 
11

4 
(0

.5
1)

 
 

21
2 

(0
.4

9)
 

24
2 

(0
.5

2)
 

 
TT

 
  7

9 
(0

.2
8)

 
  7

1 
(0

.3
0)

 
 

  5
0 

(0
.3

2)
 

  6
1 

(0
.2

7)
 

 
12

9 
(0

.3
0)

 
13

2 
(0

.2
9)

 
 

M
in

or
 a

lle
le

 C
 

26
4 

(0
.4

8)
 

20
6 

(0
.4

3)
 

0.
17

6 
13

4 
(0

.4
3)

 
21

2 
(0

.4
7)

 
0.

23
4 

39
8 

(0
.4

6)
 

41
8 

(0
.4

5)
 

0.
79

4
rs

13
73

64
1 

A
A 

19
1 

(0
.6

8)
 

16
6 

(0
.7

0)
 

0.
33

9 
  9

6 
(0

.6
1)

 
13

7 
(0

.6
1)

 
0.

72
0 

28
7 

(0
.6

6)
 

30
3 

(0
.6

6)
 

0.
94

6
 

A
G

 
  8

1 
(0

.2
9)

 
  6

9 
(0

.2
9)

 
 

  5
7 

(0
.3

6)
 

  7
7 

(0
.3

5)
 

 
13

8 
(0

.3
2)

 
14

6 
(0

.3
1)

 
 

G
G

 
   

9 
(0

.0
3 

   
 3

 (0
.0

1)
 

 
   

 4
 (0

.0
3)

 
   

 9
 (0

.0
4)

 
 

  1
3 

(0
.0

3)
 

  1
2 

(0
.0

3)
 

 
M

in
or

 a
lle

le
 G

 
  9

9 
(0

.1
8)

 
  7

5 
(0

.1
6)

 
0.

63
9 

  6
5 

(0
.2

1)
 

  9
5 

(0
.2

1)
 

0.
84

1 
16

4 
(0

.1
9)

 
17

0 
(0

.1
8)

 
0.

87
7

rs
12

63
35

51
 

C
C

 
15

1 
(0

.5
5)

 
12

3 
(0

.5
2)

 
0.

06
6 

10
9 

(0
.6

9)
 

13
2 

(0
.5

9)
 

0.
04

0 
(0

.4
) 

26
0 

(0
.6

0)
 

25
5 

(0
.5

5)
 

0.
20

6
 

C
T 

10
1 

(0
.3

7)
 

10
4 

(0
.4

4)
 

 
  4

5 
(0

.2
9)

 
  7

7 
(0

.3
5)

 
 

14
6 

(0
.3

3)
 

18
1 

(0
.3

9)
 

 
TT

 
  2

5 
(0

.0
9)

 
  1

1 
(0

.0
4)

 
 

   
 3

 (0
.0

2)
 

  1
4 

(0
.0

6)
 

 
  2

8 
(0

.0
7)

 
  2

5 
(0

.0
6)

 
 

M
in

or
 a

lle
le

 T
 

15
1 

(0
.2

7)
 

12
6 

(0
.2

7)
 

0.
77

7 
  5

1 
(0

.1
6)

 
  1

05
 (0

.2
35

) 
  0

.0
14

 (0
.1

4)
 

20
2 

(0
.2

3)
 

23
1 

(0
.2

5)
 

0.
37

9
rs

41
35

26
8 

C
C

 
24

9 
(0

.8
9)

 
21

4 
(0

.9
0)

 
0.

63
3 

14
8 

(0
.9

4)
 

21
1 

(0
.9

4)
 

0.
84

3 
39

7 
(0

.9
1)

 
42

5 
(0

.9
2)

 
0.

54
1

 
C

G
 

  3
2 

(0
.1

1)
 

  2
4 

(0
.1

0)
 

 
   

 9
 (0

.0
6)

 
  1

4 
(0

.0
6)

 
 

  4
1 

(0
.0

9)
 

  3
8 

(0
.0

8)
 

 
M

in
or

 a
lle

le
 G

 
  3

2 
(0

.0
6)

 
  2

4 
(0

.0
5)

 
0.

64
3 

   
 9

 (0
.0

3)
 

  1
4 

(0
.0

3)
 

0.
84

5 
  4

1 
(0

.0
5)

 
  3

8 
(0

.0
4)

 
0.

55
0

rs
68

02
89

8 
C

C
 

23
9 

(0
.8

6)
 

21
8 

(0
.9

2)
 

0.
03

8 
(0

.3
8)

 
13

1 
(0

.8
6)

 
18

6 
(0

.8
5)

 
0.

61
7 

37
0 

(0
.8

6)
 

40
4 

(0
.8

8)
 

0.
19

2
 

C
T 

  3
8 

(0
.1

3)
 

  1
8 

(0
.0

8)
 

 
  2

0 
(0

.1
3)

 
  3

2 
(0

.1
4)

 
 

  5
8 

(0
.1

3)
 

  5
0 

(0
.1

1)
 

 
TT

 
   

 2
 (0

.0
1)

 
   

 0
 (0

.0
0)

 
 

   
 2

 (0
.0

1)
 

   
 1

 (0
.0

1)
 

 
   

 4
 (0

.0
1)

 
   

 1
 (0

.0
1)

 
 

M
in

or
 a

lle
le

 T
 

  4
2 

(0
.0

1)
 

   
 1

8 
(0

.0
38

) 
0.

01
1 

(0
.1

1)
 

  2
4 

(0
.0

8)
 

  3
4 

(0
.0

8)
 

0.
96

8 
  6

6 
(0

.0
8)

 
  5

2 
(0

.0
6)

 
0.

10
4

rs
13

30
67

45
 

G
G

 
25

5 
(0

.9
0)

 
20

3 
(0

.8
5)

 
0.

07
4 

14
7 

(0
.9

3)
 

20
8 

(0
.9

3)
 

0.
42

5 
40

2 
(0

.9
2)

 
41

1 
(0

.8
9)

 
0.

29
1

 
G

T 
  2

5 
(0

.0
9)

 
  3

2 
(0

.1
3)

 
 

   
 9

 (0
.0

6)
 

  1
6 

(0
.0

7)
 

 
  3

4 
(0

.0
7)

 
  4

8 
(0

.1
0)

 
 

TT
 

   
 1

 (0
.0

1)
 

   
 4

 (0
.0

2)
 

 
   

 1
 (0

.0
1)

 
   

 0
 (0

.0
0)

 
 

   
 2

 (0
.0

1)
 

   
 4

 (0
.0

1)
 

 
M

in
or

 a
lle

le
 T

 
  2

7 
(0

.0
5)

 
  4

0 
(0

.0
8)

 
0.

01
9 

(0
.1

9)
 

  1
1 

(0
.0

4)
 

  1
6 

(0
.0

4)
 

0.
96

0 
  3

8 
(0

.0
4)

 
  5

6 
(0

.0
6)

 
0.

10
3

rs
21

20
82

5 
G

G
 

   
 2

 (0
.0

1)
 

   
 1

 (0
.0

1)
 

0.
39

3 
   

 2
 (0

.0
1)

 
   

 1
 (0

.0
1)

 
0.

40
9 

   
 4

 (0
.0

1)
 

   
 2

 (0
.0

1)
 

0.
67

1
 

G
T 

  3
3 

(0
.1

2)
 

  2
0 

(0
.0

8)
 

 
  1

8 
(0

.1
2)

 
  3

4 
(0

.1
5)

 
 

  5
1 

(0
.1

2)
 

  5
4 

(0
.1

1)
 

 
TT

 
24

5 
(0

.8
7)

 
21

8 
(0

.9
1)

 
 

13
6 

(0
.8

7)
 

18
9 

(0
.8

4)
 

 
38

1 
(0

.8
7)

 
40

7 
(0

.8
8)

 
 

M
in

or
 a

lle
le

 G
 

  3
7 

(0
.0

7)
 

  2
2 

(0
.0

5)
 

0.
16

4 
  2

2 
(0

.0
7)

 
  3

6 
(0

.0
8)

 
0.

61
5 

  5
9 

(0
.0

7)
 

  5
8 

(0
.0

6)
 

0.
66

6
rs

17
03

63
33

 
A

G
 

  1
9 

(0
.0

7)
 

  1
9 

(0
.0

8)
 

0.
56

9 
   

 5
 (0

.0
3)

 
   

 7
 (0

.0
3)

 
0.

97
9 

  2
4 

(0
.0

6)
 

  2
6 

(0
.0

6)
 

0.
89

7
 

G
G

 
26

4 
(0

.9
3)

 
21

8 
(0

.9
2)

 
 

15
2 

(0
.9

7)
 

21
6 

(0
.9

7)
 

 
41

6 
(0

.9
4)

 
43

4 
(0

.9
4)

 
 

M
in

or
 a

lle
le

 A
 

  1
9 

(0
.0

3)
 

  1
9 

(0
.0

4)
 

0.
31

1 
   

 5
 (0

.0
2)

 
   

 7
 (0

.0
2)

 
0.

98
0 

  2
4 

(0
.0

3)
 

  2
6 

(0
.0

3)
 

0.
89

9
rs

70
91

57
 

A
A 

   
 1

 (0
.0

1)
 

   
 0

 (0
.0

0)
 

0.
65

6 
   

 0
 (0

.0
0)

 
   

 0
 (0

.0
0)

 
0.

96
0 

   
 1

 (0
.0

1)
 

   
 0

 (0
.0

0)
 

0.
58

7
 

A
G

 
  1

4 
(0

.0
5)

 
  1

2 
(0

.0
5)

 
 

   
 9

 (0
.0

6)
 

  1
3 

(0
.0

6)
 

 
  2

3 
(0

.0
5)

 
  2

5 
(0

.0
5)

 
 

G
G

 
26

8 
(0

.9
4)

 
22

5 
(0

.9
5)

 
 

14
8 

(0
.9

4)
 

20
9 

(0
.9

4)
 

 
41

6 
(0

.9
4)

 
43

4 
(0

.9
5)

 
 

M
in

or
 a

lle
le

 A
 

  1
6 

(0
.0

3)
 

  1
2 

(0
.0

3)
 

0.
76

9 
   

 9
 (0

.0
3)

 
  1

3 
(0

.0
3)

 
0.

96
0 

  2
5 

(0
.0

3)
 

  2
5 

(0
.0

3)
 

0.
87

9
rs

29
72

16
4 

C
C

 
23

6 
(0

.8
3)

 
19

8 
(0

.8
4)

 
0.

95
2 

10
9 

(0
.6

9)
 

16
7 

(0
.7

5)
 

0.
23

9 
34

5 
(0

.7
8)

 
36

5 
(0

.8
0)

 
0.

70
7

 
C

T 
  4

5 
(0

.1
6)

 
  3

6 
(0

.1
5)

 
 

  4
7 

(0
.3

0)
 

  5
2 

(0
.2

3)
 

 
  9

2 
(0

.2
1)

 
  8

8 
(0

.1
9)

 
 

TT
 

   
 3

 (0
.0

1)
 

   
 2

 (0
.0

1)
 

 
   

 1
 (0

.0
1)

 
   

 4
 (0

.0
2)

 
 

   
 4

 (0
.0

1)
 

   
 6

 (0
.0

1)
 

 
M

in
or

 a
lle

le
 T

 
  5

1 
(0

.0
9)

 
  4

0 
(0

.0
9)

 
0.

77
4 

  4
9 

(0
.1

6)
 

  6
0 

(0
.1

4)
 

0.
40

5 
10

0 
(0

.1
1)

 
10

0 
(0

.1
1)

 
0.

76
4

D
at

a 
ar

e 
re

po
rte

d 
as

 to
ta

l n
um

be
r o

f e
ac

h 
ge

no
ty

pe
 (o

r a
lle

le
), 

an
d 

th
e 

nu
m

be
r i

n 
th

e 
br

ac
ke

t r
ep

re
se

nt
s 

th
e 

pr
op

or
tio

n 
of

 e
ac

h 
ge

no
ty

pe
 (o

r a
lle

le
). 

P 
va

lu
es

 in
di

ca
te

 
th

e 
di

ffe
re

nc
e 

fo
r c

om
pa

ris
on

 o
f g

en
ot

yp
e 

di
st

rib
ut

io
ns

 (o
r a

lle
le

 fr
eq

ue
nc

y)
 b

et
w

ee
n 

hy
pe

rte
ns

iv
e 

in
di

vi
du

al
s 

an
d 

co
nt

ro
ls

 b
y 

th
e 

χ2  t
es

t i
n 

th
e 

H
an

 a
nd

 M
on

go
lia

n 
po

pu
la

tio
ns

. *
P

co
rr

: P
 v

al
ue

 a
fte

r B
on

fe
rr

on
i c

or
re

ct
io

n.



19301SNPs in the PPARγ gene and hypertension

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 14 (4): 19295-19308 (2015)

Ta
bl

e 
3.

 L
og

is
tic

 re
gr

es
si

on
 a

na
ly

si
s 

of
 P

PA
R

γ 
ge

no
ty

pe
s 

as
so

ci
at

ed
 w

ith
 h

yp
er

te
ns

io
n 

in
 a

ll 
su

bj
ec

ts
.

 
M

od
el

 
G

en
ot

yp
e 

   
   

   
   

   
   

   
   

   
   

   
   

   
 H

an
 

 
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

M
on

go
lia

n 
 

   
   

   
   

   
   

   
   

   
 C

om
bi

ne
d 

po
pu

la
tio

n

 
 

 
O

R
 (9

5%
C

I) 
P 

(P
co

rr
)*

 
O

R
 (9

5%
C

I) 
P 

(P
co

rr
)*

 
O

R
 (9

5%
C

I) 
P 

(P
co

rr
)*

rs
29

38
39

2 
D

om
in

an
t 

TC
-C

C
 v

s 
TT

 
1.

07
 (0

.6
9-

1.
67

) 
0.

75
 

0.
81

 (0
.4

4-
1.

48
) 

  0
.4

9 
0.

93
 (0

.6
7-

1.
29

) 
  0

.6
6

 
R

ec
es

si
ve

 
C

C
 v

s 
TC

-T
T 

1.
23

 (0
.7

4-
2.

04
) 

0.
42

 
0.

79
 (0

.4
0-

1.
57

) 
0.

5 
1.

18
 (0

.8
2-

1.
69

) 
  0

.3
8

 
A

dd
iti

ve
 

TC
 v

s 
TT

 v
s 

C
C

 
1.

10
 (0

.8
3-

1.
47

) 
0.

5 
0.

84
 (0

.5
7-

1.
25

) 
0.

4 
1.

02
 (0

.8
3-

1.
26

) 
  0

.8
2

rs
13

73
64

1 
D

om
in

an
t 

G
A

-G
G

 v
s 

A
A 

0.
99

 (0
.6

5-
1.

53
) 

0.
97

 
1.

20
 (0

.6
8-

2.
13

) 
  0

.5
2 

1.
10

 (0
.8

1-
1.

50
) 

  0
.5

3
 

R
ec

es
si

ve
 

G
G

 v
s 

G
A

-A
A 

2.
23

 (0
.5

4-
9.

18
) 

0.
24

 
1.

41
 (0

.3
2-

6.
29

) 
  0

.6
6 

1.
52

 (0
.6

3-
3.

64
) 

  0
.3

5
 

A
dd

iti
ve

 
G

A 
vs

 G
G

 v
s 

A
A 

1.
06

 (0
.7

2-
1.

56
) 

0.
76

 
1.

19
 (0

.7
3-

1.
96

) 
  0

.4
8 

1.
12

 (0
.8

6-
1.

48
) 

0.
4

rs
12

63
35

51
 

D
om

in
an

t 
TC

-T
T 

vs
 C

C
 

0.
86

 (0
.5

8-
1.

29
) 

0.
47

 
0.

49
 (0

.2
7-

0.
87

) 
0.

01
4 

(0
.1

1)
 

0.
75

 (0
.5

5-
1.

01
) 

   
 0

.0
56

 
R

ec
es

si
ve

 
TT

 v
s 

TC
-C

C
 

1.
53

 (0
.6

6-
3.

54
) 

0.
31

 
0.

26
 (0

.0
5-

1.
30

) 
   

 0
.0

84
 

1.
01

 (0
.5

4-
1.

92
) 

  0
.9

7
 

A
dd

iti
ve

 
TC

 v
s 

TT
 v

s 
C

C
 

0.
97

 (0
.7

0-
1.

34
) 

0.
86

 
0.

51
 (0

.3
1-

0.
84

) 
0.

00
73

 (0
.0

58
) 

0.
82

 (0
.6

4-
1.

05
) 

  0
.1

2
rs

68
02

89
8 

D
om

in
an

t 
TC

-T
T 

vs
 C

C
 

2.
03

 (1
.0

4-
3.

97
) 

0.
03

3 
(0

.2
6)

 
0.

61
 (0

.2
7-

1.
35

) 
  0

.2
2 

1.
24

 (0
.7

9-
1.

96
) 

  0
.3

5
 

R
ec

es
si

ve
 

TT
 v

s 
TC

-C
C

 
N

A 
0.

25
 

  0
.3

9 
(0

.0
1-

24
.1

7)
 

  0
.6

5 
  3

.6
7 

(0
.2

2-
61

.8
1)

 
  0

.3
3

 
A

dd
iti

ve
 

G
A 

vs
 G

G
 v

s 
A

A 
2.

05
 (1

.0
6-

3.
94

) 
0.

02
6 

(0
.2

1)
 

0.
62

 (0
.2

9-
1.

32
) 

  0
.2

1 
1.

27
 (0

.8
2-

1.
96

) 
  0

.2
8

rs
13

30
67

45
 

D
om

in
an

t 
TG

-T
T 

vs
 G

G
 

0.
61

 (0
.3

3-
1.

14
) 

0.
12

 
1.

18
 (0

.4
1-

3.
42

) 
  0

.7
5 

0.
68

 (0
.4

1-
1.

11
) 

  0
.1

2
 

R
ec

es
si

ve
 

TT
 v

s 
TG

-G
G

 
0.

16
 (0

.0
1-

2.
44

) 
0.

16
 

N
A 

  0
.1

7 
0.

30
 (0

.0
5-

1.
92

) 
0.

2
 

A
dd

iti
ve

 
TG

 v
s 

TT
 v

s 
G

G
 

0.
60

 (0
.3

4-
1.

07
) 

0.
07

9 
1.

33
 (0

.5
1-

3.
50

) 
  0

.5
6 

0.
67

 (0
.4

3-
1.

05
) 

   
 0

.0
82

rs
21

20
82

5 
D

om
in

an
t 

TG
-G

G
 v

s 
TT

 
1.

54
 (0

.7
9-

3.
00

) 
0.

2 
0.

47
 (0

.2
1-

1.
07

) 
   

 0
.0

67
 

0.
87

 (0
.5

5-
1.

37
) 

  0
.5

4
 

R
ec

es
si

ve
 

G
G

 v
s 

TG
-T

T 
0.

81
 (0

.0
7-

9.
29

) 
0.

87
 

  0
.4

1 
(0

.0
1-

25
.2

1)
 

  0
.6

7 
1.

10
 (0

.1
4-

8.
40

) 
  0

.9
3

 
A

dd
iti

ve
 

TG
 v

s 
TT

 v
s 

G
G

 
1.

43
 (0

.7
6-

2.
68

) 
0.

26
 

0.
49

 (0
.2

3-
1.

07
) 

   
 0

.0
68

 
0.

89
 (0

.5
8-

1.
36

) 
  0

.5
8

rs
70

91
57

 
D

om
in

an
t 

G
A

-A
A 

vs
 G

G
 

0.
95

 (0
.4

0-
2.

28
) 

0.
91

 
N

A 
N

A 
1.

24
 (0

.6
6-

2.
34

) 
  0

.5
1

 
R

ec
es

si
ve

 
A

A 
vs

 G
A

-G
G

 
N

A 
(0

.0
0-

N
A

) 
0.

36
 

N
A 

N
A 

N
A 

  0
.1

5
 

A
dd

iti
ve

 
G

A 
vs

 G
G

 v
s 

A
A 

1.
01

 (0
.4

4-
2.

32
) 

0.
97

 
N

A 
N

A 
1.

30
 (0

.7
0-

2.
40

) 
0.

4
rs

29
72

16
4 

D
om

in
an

t 
TC

-T
T 

vs
 C

C
 

1.
10

 (0
.6

5-
1.

87
) 

0.
72

 
1.

67
 (0

.9
0-

3.
10

) 
0.

1 
1.

38
 (0

.9
6-

1.
99

) 
   

 0
.0

78
 

R
ec

es
si

ve
 

TT
 v

s 
TC

-C
C

 
  1

.7
0 

(0
.2

1-
14

.1
1)

 
0.

61
 

0.
32

 (0
.0

3-
3.

94
) 

  0
.3

4 
0.

62
 (0

.1
6-

2.
48

) 
0.

5
 

A
dd

iti
ve

 
TC

 v
s 

TT
 v

s 
C

C
 

1.
12

 (0
.6

9-
1.

82
) 

0.
65

 
1.

42
 (0

.8
2-

2.
47

) 
  0

.2
1 

1.
28

 (0
.9

2-
1.

79
) 

  0
.1

5

U
si

ng
 th

e 
S

N
P 

st
at

s 
w

eb
-b

as
ed

 a
na

ly
si

s 
so

ftw
ar

e,
 th

e 
ge

ne
tic

 a
ss

oc
ia

tio
n 

of
 e

ac
h 

S
N

P 
w

ith
 h

yp
er

te
ns

io
n 

w
as

 in
di

vi
du

al
ly

 te
st

ed
 b

y 
lo

gi
st

ic
 r

eg
re

ss
io

n 
w

ith
 th

e 
fo

llo
w

in
g 

as
 c

ov
ar

ia
te

s:
 g

en
de

r, 
ag

e,
 H

D
L 

le
ve

l, 
TG

 le
ve

l, 
TC

 le
ve

l, 
LD

L 
le

ve
l, 

sm
ok

in
g,

 a
lc

oh
ol

 c
on

su
m

pt
io

n,
 a

nd
 B

M
I. 

95
%

C
I, 

95
%

 c
on

fid
en

ce
 in

te
rv

al
; O

R
, o

dd
s 

ra
tio

; *
P

co
rr

: P
 v

al
ue

 a
fte

r B
on

fe
rr

on
i c

or
re

ct
io

n.



19302L. Yang et al.

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 14 (4): 19295-19308 (2015)

Association of SNPs with BP

The effects of the polymorphisms on systolic and diastolic BP were further examined in 
dominant, recessive, and additive models in the combined population (Table 4). Prior to correction for 
multiple testing, analysis revealed that only the rs12633551 SNP had a significant effect on BP. The 
genotype was significantly associated with DBP in the additive (P = 0.044) and dominant models (P = 
0.016). The effect on SBP was only significant in the dominant model (P = 0.036). However, none of 
these associations were statistically significant after Bonferroni correction (P > 0.05).

Haplotype analysis

The LD among the 14 PPARγ SNPs (rs2938392, rs4135325, rs796289, rs1373641, 
rs12633551, rs4135268, rs6802898, rs13306745, rs2120825, rs4135343, rs17036333, rs709157, 
rs2972164, and rs3773360) was examined in the Han and Mongolian populations. Both populations 
had similar patterns of LD (Figures S1 and S2). The distribution of the haplotypes composed of 
these PPARγ SNPs (rs2938392, rs1373641, rs12633551, rs4135268, rs6802898, rs13306745, 
rs2120825, rs17036333, rs709157, and rs2972164) was analyzed with the SHEsis software. Since 
the minor allelic frequencies of SNPs rs4135325, rs796289, rs4135343, and rs3773360 were zero, 
they were excluded from the haplotype analysis. In addition, the haplotypes were excluded from 
further analysis if their frequencies were less than 0.03 in both the control and hypertension groups. 
There were eight and seven haplotypes with frequencies greater than 0.03 in both hypertensive 
patients and control groups in the Han and Mongolian populations, respectively (Table 5). In the 
global analysis, there was a significant difference between the hypertensive patient group and the 
control group in the Mongolian population (P = 0.02).

The “TACCCGTGGC” haplotype was the most frequent in the PPARγ gene in both 
populations. The frequency of the “TACCCGTGGC” haplotype was higher in the hypertensive 
patient group (0.33) than the control group (0.29) in the Mongolian population. In contrast, the 
frequency was higher in the control group (0.34) than the hypertensive patient group (0.31) in 
the Han population. Furthermore, in the Han population, the frequencies of the “TACCCTTGGC” 
and “TACCTGGGGC” haplotypes were significantly different between the hypertensive patient 
group and the control group (P = 0.02, OR = 0.53, 95%CI = 0.30-0.92; P = 0.03, OR = 1.99, 
95%CI = 1.06-3.76, respectively). The frequencies of the “CATCCGTGGC” and “TACCCGTGGT” 
haplotypes exhibited a significant difference between the patient and the control groups (P = 
0.002, OR = 0.53, 95%CI = 0.35-0.79; P = 0.03, OR = 1.73, 95%CI = 1.04-2.85, respectively) in 
the Mongolian population. However, after applying the stringent Bonferroni correction for multiple 
testing, only the “CATCCGTGGC” haplotype remained significantly associated with hypertension 
in the Mongolian population (P = 0.01).

DISCUSSION

PPARγ is located on chromosome 3p25. It is a ligand-activated transcription factor of 
the nuclear hormone receptor superfamily, and plays several important roles as the regulator of 
adipogenesis and glucose homeostasis. In addition, studies have provided strong evidence that 
PPARγ is involved in the regulation of vascular function and blood pressure (Barroso et al., 1999; 
Agostini et al., 2006; Keen et al., 2010). 

http://www.geneticsmr.com/year2015/vol14-4/pdf/gmr6856_supplementary.pdf
http://www.geneticsmr.com/year2015/vol14-4/pdf/gmr6856_supplementary.pdf
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In this study, the association of intronic PPARγ SNPs with hypertension was tested in the 
Chinese Han and Mongolian populations, and the effects of the SNPs on the genetic contribution 
to hypertension were determined. Prior to correction for multiple testing, the rs6802898 and 
rs12633551 SNPs were identified as susceptible polymorphisms in Han and Mongolian hypertensive 
patients, respectively. Moreover, the rs12633551 SNP was found to be associated with BP in the 
combined population. However, the relationship between hypertension or BP and the SNPs was 
not statistically significant after applying the Bonferroni correction for multiple testing.

To our knowledge, the intronic polymorphisms included in this study have not been 
examined for their effects on hypertension. Most studies have focused on the coding polymorphisms 
in PPARγ in relation to hypertension. For example, the subjects with two mutations at codons 290 
and 467 in PPARγ (Val290-to-Met and Pro467-to-Leu) were found to have elevated blood pressure, 
severe insulin resistance, and diabetes (Barroso et al., 1999). Individuals with a substitution in 
PPARγ at codon 388 (Phe388-to-Leu) (Hegele et al., 2002) or 425 (Arg425-to-Cys) (Agarwal and 
Garg, 2002) displayed both diabetic and hypertensive phenotypes. The Pro12-to-Ala mutation in 
PPARγ has been studied in depth. This polymorphism is significantly associated with hypertension, 
although its association with insulin sensitivity is still controversial (Deeb et al., 1998; Altshuler et 
al., 2000; Ostgren et al., 2003; Rodriguez-Esparragon et al., 2003; Yliharsila et al., 2004; Lu et al., 
2008; Gao et al., 2010). The investigated polymorphisms herein are all located in intronic regions, 
which could play a role in regulating the expression level of a gene. These polymorphisms could 
be located within regulatory elements or microRNA coding sites, which result in gene expression 
differences, and thereby affect the pathogenesis of hypertension. Alternatively, it may be these 
SNPs are in LD with other functional polymorphisms in nearby regions.

The association of PPARγ polymorphisms with hypertension has been investigated in 
various populations (Douglas et al., 2001; Gouni-Berthold et al., 2005; Sookoian et al., 2005; Badii 
et al., 2008; Gallicchio et al., 2008; Dallongeville et al., 2009; Yoshida et al., 2009; Fan et al., 
2010; Gao et al., 2010; Underwood et al., 2010; Shi et al., 2012). Given that the prevalence of 
hypertension is significantly different among races (Lackland et al., 2008), PPARγ was tested as a 
risk factor for hypertension in a Mongolian population. A previous study in a Mongolian population 
indicated that the prevalence of the Ala allele of the Pro12Ala polymorphism was significantly 
different between control and hypertension groups, which suggests a contribution of the PPARγ 
gene to hypertension susceptibility. However, there was no significant association between the 
Pro12Ala polymorphism and clinical and metabolic characteristics, including blood pressure. In the 
study herein, we provide further evidence that several intronic polymorphisms of the PPARγ gene 
are not associated with blood pressure. The association of two SNPs (rs6802898 and rs12633551) 
with hypertension was strongly dependent on ethnicity. SNP rs6802898 was only associated with 
susceptibility to hypertension in the Han Chinese population (allele frequency, P = 0.011; genotype 
distribution, P = 0.038). Furthermore, logistic regression analysis revealed that the association 
of this SNP with hypertension in a Han population was under the dominant (P = 0.033, OR = 
2.03, 95%CI = 1.04-3.97) and additive (P = 0.026, OR = 2.05, 95%CI = 1.06-3.94) models. SNP 
rs12633551 was the only susceptible variant in the Mongolian population (allele frequency, P = 
0.014; genotype distribution, P = 0.040), and the association with hypertension in the Mongolian 
population was dominant (P = 0.014, OR = 0.49, 95%CI = 0.27-0.87) and additive (P = 0.0073, 
OR = 0.51, 95%CI = 0.31-0.84). Given the small sample size of subjects in the study herein, these 
associations may have occurred due to chance alone and may represent a false-positive result. 
Therefore, the analyses of the association of SNPs in the PPARγ gene with hypertension were 
corrected for the multiple tests. None of the associations for these SNPs were statistically significant 
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after correction. However, applying the Bonferroni correction is overly conservative, reducing the 
ability to detect associations and resulting in an elevated false negative rate (type 2 error). Therefore, 
a more extensive study with a larger cohort is required in order to confirm the findings herein.

The analysis of haplotypes makes it possible to capture more of the underlying genetic 
variation than single SNPs alone. Fallin et al. (2001) provided evidence that the inheritance of 
haplotype combinations is often more effective for detecting associations than inheritance of a 
single SNP. The haplotype combination provides a more comprehensive approach of assessing 
the relationship between multisite variation and traits. Therefore, the analysis of haplotype 
combinations is more powerful than the analysis of single individual SNPs. 

Haplotype analysis has been used to successfully localize the susceptibility genes related 
to hypertension in several studies (Fu et al., 2008; Ying et al., 2010). In the present study, the 
haplotypes composed of these PPARγ SNPs (rs2938392, rs1373641, rs12633551, rs4135268, 
rs6802898, rs13306745, rs2120825, rs17036333, rs709157, and rs2972164) had significant 
effects in the different populations. In the Han population, the frequency of the “TACCTGGGGC” 
haplotype in the hypertensive group was significantly higher than in the control group, indicating 
that this haplotype is associated with hypertension (P = 0.03, OR = 1.99, 95%CI = 1.06-3.76). 
However, the same haplotype had no effect on hypertension in the Mongolian population (P = 
0.49). In contrast, two other haplotypes (“TACCCGTGGT” and “CATCCGTGGC”) were associated 
with a higher prevalence of hypertension in the Mongolian population (P = 0.03, OR =1.73, 95%CI 
= 1.04-2.85 and P = 0.002, OR = 0.53, 95%CI = 0.35-0.79, respectively). It should be noted that 
the “CATCCGTGGC” haplotype remained significantly associated with hypertension even after 
applying the Bonferroni correction. Therefore, although the associations of each SNP were not 
always significant, the haplotypes formed from PPARγ SNPs still had effects on susceptibility to 
hypertension but were ethnicity-dependent. 

In conclusion, this study showed that PPARγ may be a susceptibility gene for hypertension in 
the Mongolian and Han populations. It was notable that the association of the PPARγ polymorphisms 
and their haplotypes with hypertension is related to ethnicity. Determination of the genotype of PPARγ 
polymorphisms and their haplotypes in different populations may prove informative for assessment of 
the genetic risk for hypertension. Due to the small population size used herein, validation with another 
independent set of subjects is necessary to confirm these findings.
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