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Abstract

Background

Peroxisome proliferator-activated receptor gamma (PPARG) plays an important role in the
pathogenesis and maintenance of essential hypertension (EH). It has been suggested that
polymorphisms of PPARG are associated with the risk of EH. However, findings to date
remain controversial. To elucidate the associations between the PPARG Pro12Ala and
C161T polymorphisms and EH risk, a meta-analysis was carried out.

Methods

A comprehensive literature search of PubMed, Embase, CNKI (Chinese National Knowl-
edge Infrastructure), VIP and Wanfang databases was conducted. The pooled odds ratios
(ORs) and 95% confidence interval (Cl) were calculated to estimate the size of the effect
using the random-effects model. At the same time, the pooled standardized mean difference
(SMD) with 95% CI was used for the meta-analysis of the PPARG Pro12Ala polymorphism
and blood pressure.

Results

Finally, Fifteen papers (seventeen studies) including 4,151 cases and 4,997 controls to eval-
uate the association of the PPARGPro12Ala polymorphism and EH risk, were included in
this study. Overall, the results suggested that Ala allele was associated with the decreased
EH risk (for allelic model, OR = 0.757, 95%Cl: 0.624—0.918, P = 0.005; for dominant model,
OR =0.771, 95%CI: 0.627-0.946, P = 0.013). The subgroup analysis stratified by ethnicity
showed that the significant association between the PPARG Pro12Ala polymorphism and
EH was only detected in the Asian subgroup. There was no difference in blood pressure val-
ues between Ala carriers and non-carriers. For the C161T polymorphism, only 5 studies
comprising 1,118 cases and 1,357 controls met the inclusion criteria. The overall results
showed that the PPARG C161T polymorphism was not associated with the risk of EH. But
in the subgroup analysis, we found that the PPARG C161T polymorphism significantly
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associated with the risk of EH in the Asian subgroup (for allelic model, OR =0.719, 95% CI:
0.537-0.963, P=0.027; for dominant model, OR = 0.653, 95% CI: 0.439-0.972, P=0.036).

Conclusion

Our meta-analysis suggested that the PPARG polymorphisms might be associated with the
risk of EH.

Background

Essential hypertension (EH) is one of the leading causes of mortality and morbidity. Epidemio-
logical data show that there are about one billion EH patients in the world. Pathogenesis of EH
is related to multiple risk factors, including environmental and genetic factors [1, 2]. System-
atic reviews and meta-analyses have independently suggested that numerous gene polymor-
phisms are associated with the risk of EH [2, 3]. Genetic factors might contribute 30-50% to
the pathogenesis of EH [4].

Peroxisome proliferator-activated receptor gamma (PPARG, also known as NR1C3),a
member of the nuclear hormone receptor subfamily, regulates the expression of a network of
genes involved in adipogenesis and lipogenesis, insulin sensitivity, inflammation and athero-
sclerosis [5]. PPARGs consist of three different isoforms-PPARG1, PPARG2 and PPARGS3-
result different promoter and different splicing methods. PPARG is mainly expressed in adipo-
cyte tissue, as well in vascular endothelial cells, smooth muscle cells and monocyte/macro-
phage cells [6]. Previous studies showed that PPARG plays an important role in adipose
differentiation and in susceptibility to type 2 diabetes [7]. In recent years, decreased PPARG
levels have been reported in subjects with high blood pressure not only in vitro but also in vivo
[8].

The gene encoding PPARG is located in human chromosome 3p25 and contains 9 exons.
Several PPARG polymorphisms have recently been identified. Studies have shown that PPARG
polymorphisms might be associated with coronary artery disease [9], type 2 diabetes [10] and
metabolic syndrome [11].

To date, numerous studies have been conducted to explore the relationship between
PPARG polymorphisms and the risk of EH in different populations, but the results have been
conflicting. One of the common variants in PPARG is Pro12Ala (rs1805192). The cytosine is
substituted for guanosine at nucleotide position 34 (C34G), leading to a change from proline
(Pro) to alanine (Ala) at position 12 of exon 2 in PPARG. This substitution may lead to the
change of PPARG protein structure, which can decrease the effect of binding to the target gene
and reduce its transcriptional activity [12]. In previous studies, the Ala allelic frequency varied
greatly in different ethnic populations [13, 14], which could be attributed to genetic variations
and to different environmental and lifestyle exposures.

Studies on the association of PPARG Pro12Ala polymorphism with EH risk have been
extensively performed previously, but the results remain controversial [15, 16, 17]. In 2008, Lu
et al [18] explored the relationship between the Prol2Ala variant and EH among long-lived
subjects (more than 90 years). The mean age of included subjects was 94 years. They found
that the frequency of the Ala allele was significantly lower in the EH group than in the normo-
tensive group (3.45% vs. 6.92%, P = 0.001). Several other studies reached similar conclusions
[15, 19]. However, Horiki et al [20] did not find an association between the PPARGProl12Ala
polymorphism and EH. More contrary results were found in other studies [21-24]. In 2006,
Stefanski et al [21] examined the association between the Pro12Ala polymorphism and blood
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pressure values in obese patients with long-lasting type 2diabetes in Poland. They found that
carriers with the Ala allele had a higher 24h diastolic pressure than patients with Pro/Pro geno-
type. In 2010, Gao et al [23] concluded that the Ala allele was involved in genetic susceptibility
to EH in the Han population of Inner Mongolia.

Another variant is C161T (rs3856806), which is located in the exon6 of PPARG. As for asso-
ciation between the C161T polymorphism and the risk of EH, the results are also inconsistent.
For example, Qu et al [24] found that the frequency of the CT genotype was significantly lower
in EH patients than in normotensive subjects (21.3% vs. 36.2%, P<0.05) and that the T allele
protected one from EH. In 2014, Zhang et al [25] obtained a similar result. However, other
studies concluded that the PPARG C161T polymorphism was not associated with EH suscepti-
bility [24, 26].

To clarify these inconsistent findings and to evaluate the contribution of PPARG polymor-
phisms to the risk of EH, we performed a meta-analysis based on available data.

Material and methods
Study selection

The meta-analysis followed the Preferred Reporting Items for Systematic Reviews and Meta-
analysis criteria [27]. A comprehensive literature search of PubMed, Embase, CNKI (Chinese
National Knowledge Infrastructure), VIP and Wanfang databases was conducted by two inves-
tigators independently before November 2016. The following search terms were used in the
electronic searches: (“PPAR” or “peroxisome proliferator-activated receptor” or “NR1C3”) and
(“polymorphism” or “variant” or “gene” or “mutation”) and (“essential hypertension” or “high
blood pressure” or “EH”). For example, the full search strategy used in the PubMed database
is: text word = (“PPAR” or “peroxisome proliferator-activated receptor” or “NR1C3”) and
(“polymorphism” or “variant” or “gene” or “mutation”) and (“essential hypertension” or
“hypertension” or “high blood pressure” or “EH”). To find additional eligible studies, the refer-
ence lists of the studies included were searched manually.

Inclusion and exclusion criteria

Eligible studies had to meet the following inclusion criteria: 1) Studies on the association
between PPARG polymorphisms and EH risk; 2) Case-control study; 3) Having clear, original
data of genotypic and/or allelic frequencies; 4) Studies written in English and Chinese; 5)
Hypertension being defined as systolic blood pressure >140 mmHg and/or diastolic blood
pressure >90 mmHg or treatment with anti-hypertensive medication; 6) For blood pressure,
the data being presented as the mean+ standard deviations (SD).

The exclusion criteria were as follows: 1) a review or case report; 2) genotypic and allelic fre-
quencies were not clear; 3) animal studies; 4) secondary hypertension; 5) cross-sectional or
cohort study; 6) data published repeatedly.

Data extraction

A special table was used to record the following information: the name of first author, year of
publication, country, ethnicity, age, type of study, source of control, genotyping methods, the
distribution of genotypes in cases and controls, diagnostic criteria of EH, and the value of
blood pressures. The original data were extracted by two investigators (Cai GJ and Zhang BF)
independently. Disagreements were resolved by consulting with a third author (Weng W7J). If
we were in doubt about the data in the study, we tried our best to contact the author for corre-
spondence by email.
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Statistical analysis

We used Stata 12.0 (StataCorp LP, College Station, Texas, USA) software for all the statistical
analysis. Hardy-Weinberg equilibrium (HWE) for the PPARG genotype distributions of con-
trol groups was checked by Fisher’s exact test. Pooled odds ratios (ORs) and 95% confidence
interval (CI) were used to assess the strength of association between PPARG polymorphisms
and EH risk, and the pooled standardized mean difference (SMD) with 95% CI was used for
the meta-analysis of PPARG polymorphisms and blood pressure. The between-study heteroge-
neity was evaluated by the Chi-square-based Cochrane’s Q statistic and the I” statistic. If the
between-study heterogeneity was significant (P-value< 0.10 or I*> 50%), a random effect
model (Dersimonian-Laird method) was used to calculate the result; otherwise, a fixed effect
model (Mantel-Haenszel method) was used [28]. Due to the small number of minor alleles,
only the dominant (for Prol12Ala, GG+GC vs. CC; for C161T, TT+TC vs. CC) and allelic (for
Prol2Ala, G vs. C; for C161T, T vs. C) model were performed to calculate the pooled ORs in
the present meta-analysis. Subgroup analyses were also conducted by ethnicity (Caucasian and
Asian), according to HWE (Yes and No), source of control (hospital based and population
based) and genotyping methods (PCR-RFLP and others) to explore the source of heterogene-
ity. A sensitivity analysis omitting an individual study each time was used to evaluate the stabil-
ity of the main meta-analysis results. The potential publication bias was examined by Begg’s
funnel plot, and the funnel plot asymmetry was assessed by Egger’s linear regression test. AP-
value <0.05 (two-sided) was considered statistically significant.

Results
Study characteristics

A total of 412 potentially relevant papers were obtained by the literature search, of which 17
papers met the inclusion criteria. Fig 1 lists the flow diagram of the article selection process.
The 17 studies (15 papers) evaluated the PPARG Prol2Ala polymorphism and EH risk, includ-
ing 4,151 cases and 4,997 controls [13-16, 18-20, 23, 26, 29-34]. Among these papers, two
articles [31, 33] contained two subgroups with two independent results, respectively, so we
analysed each as two separate studies. Most of the studies were conducted in Asians, with only
three studies in Caucasians. The Ala allelic frequency in controls ranged from 0.28% in the
Dong HR et al. study to 29.0% in the study by Wang et al. Five studies evaluated the PPARG
C161T polymorphism and EH risk, including 1,118 cases and 1,357 controls [23-26, 34]. All
studies were conducted in Chinese, except for the Grygiel-Gdrniak et al. study. Tables 1 and 2
summarise the characteristics of included articles, including ethnicity, year of publication, gen-
otyping method, distribution of genotypes and alleles, etc. The diagnostic criteria of EH were
appropriated in all of these studies. The controls in 3 studies deviated from HWE [31, 32]. Six
papers evaluated the relationship between the PPARG Prol2Ala polymorphism and the value
of systolic blood pressure (SBP) and diastolic blood pressure (DBP) (Table 3). Of those, five
papers were conducted in Asians and one paper in Caucasians. Because only two papers stud-
ied the relationship between the PPARGC161T polymorphism and blood pressure values, we
did not perform meta-analysis.

Meta-analysis results

Association of PPARG Prol2Ala polymorphism with EH risk. Table 4 summarises the
association between the PPARGPro12Ala polymorphism and the risk of EH. Because between-
study heterogeneity was significant in the overall analysis, a random-effect model was used.
There were significant associations between the PPARG Prol2Ala polymorphism and EH risk
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through initial retrieval

relevant records identified

384 records excluded, due to:
(1) Abstract and review (n=5)

412 records screened

(2) Not on PPARy Pro12Ala and C161T
polymorphism (n=327)

\ 4

(3) Animal or cell study (n=52)

11 Full-text papers excluded, due to:

for eligibility

28 full-text papers assessed

(1) Data were repetitive or overlapping (n=5)
%! (2) Data were not be obtained (n=1)

v

(3) Family-based study (n=1)
(4) Cross-section study (n=2)
(5) Diagnostic criteria of EH was not suitable (n=2)

17 papers included in our meta-analysis

For Pro12Ala:

15 papers including 17 studies 5 papers

For C161T:

Fig 1. Flow diagram of paper selection.

https://doi.org/10.1371/journal.pone.0181644.9001

in the whole population under allelic (OR = 0.757, 95% CI: 0.624-0.918,P = 0.005) and domi-
nant genetic models (OR = 0.771, 95% CI: 0.627-0.946, P = 0.013) (Fig 2).

In the subgroup analysis stratified by ethnicity, the significant association between PPARG
Prol12Ala polymorphism and EH was only detected in Asian population under allelic
(OR =10.726, 95% CI: 0.587-0.887, P = 0.003) and dominant genetic models (OR = 0.749, 95%
CI: 0.595-0.944, P = 0.014) (Fig 3).

PPARG Prol2Ala polymorphism was associated with EH in a population-based subgroup
(for allelic model, OR = 0.675, 95% CI: 0.532-0.855, P = 0.001; for dominant model,

OR = 0.658, 95% CI: 0.514-0.946, P = 0.001)(Fig 4).

In the subgroup, based on whether the control genotype distribution displayed HWE, a sig-
nificant association was found between the PPARG Prol2Ala polymorphism and EH under
allelic (OR = 0.745, 95% CI: 0.620-0.894, P = 0.002) and dominant genetic models
(OR = 0.752, 95% CI: 0.609-0.928, P = 0.008) (S1 Fig).

PLOS ONE | https://doi.org/10.1371/journal.pone.0181644  July 20, 2017 5/17


https://doi.org/10.1371/journal.pone.0181644.g001
https://doi.org/10.1371/journal.pone.0181644

:@.’ PLOS | ONE PPARG polymorphisms and EH

Table 1. Main characteristics of studies involved in this meta-analysis of the PPARG Pro12Ala polymorphism and essential hypertension risk.

Firstauthor |Year |Country | Ethnicity |Source |Meanage Sample |Cases Controls Genotyping MAF |HWE
of (y) (case/ |size Pro/ |Pro/ |Ala/ Pro/ Pro/ Ala/ Methods (%) |(Y/N)
control |control) |(case/ Pro |Ala |Ala |Pro |Ala |Ala

control)

Rodriguez- | 2003 | Spain Caucasian | HB 59+9/57 |229/212 206 22 |1 174 |36 |2 PCR-RFLP 943 |Y

Esparragon +8

FJ

Horiki M 2004 | Japan Asian HB -/ - 205/300 |193 |12 |0 276 |24 |0 PCR-RFLP 4.00 |Y

ShenD 2005 | China Asian HB 69.2 70/ 220 66 |3 1 206 |13 1 PCR-RFLP 341 |Y
+13.5/
67.3+11.7

Zhang AP 2005 | China Asian HB 58.8 132/157 | 128 |4 0 148 |9 0 PCR-RFLP 287 |Y
+10.7/
56.7+11.2

Gouni- 2005 | Germany | Caucasian | HB 64.6+9.9/ | 255/140 |190 |57 |8 104 (32 |4 PCR-RFLP 1429 |Y
Berthold | 60.3+x11.8

Pan HJ 2007 | China Asian PB 50.83 177/119 |154 |23 |0 101 |18 |0 PCR-RFLP 756 |Y
+12.10/
39.79
19.67

YinRX " 2008 | China Asian PB 51.2 287/547 | 265 |17 |5 518 |24 |5 PCR-RFLP 3.11 |N
+14.2/
43.4+15.2

Yin RX® 2008 | China Asian PB 556.2 159/676 | 153 |6 0 629 |40 |7 PCR-RFLP 399 |N
+12.1/
43.8+15.2

LuzC 2008 | China Asian PB 94.5+4.0/ | 478/361 |446 |31 1 312 |48 |1 PCR-RFLP 6.93 |Y
94.8+4.0

GaolL 2010 | China Asian HB 54.47 345/137 | 337 |7 1 131 |2 4 PCR-RFLP 365 |N
+16.21/
50.08
+15.01

Dong HR 2012 | China Asian HB 48.60 124/178 |122 |2 0 177 |1 0 PCR-RFLP 028 |Y
+13.33/
38.48
+10.93

LinY 2012 | China Asian PB 52.10 269/551 | 166 |90 |16 |293 |205 |50 |TagMan 28.22 | Y
+9.87/
49.04
+9.02

Zhang XF° 2013 | China Asian HB 51.68 146/112 |125 |20 |1 101 | 11 0 PCR-RFLP 491 |Y
+9.63/
51.87
+11.18

Zhang XF& | 2013 | China Asian HB 51.76 163/178 |137 |25 |1 18 |20 |0 PCR-RFLP 561 |Y
+8.36/
50.31
+8.18

ChenJ 2014 | China Asian PB 45.05 144/165 |110 |33 |2 105 |63 |7 MALDI-TOF-MS |20.3 |Y
+12.86/
42.37
+11.61

Wang G 2015 | China Asian PB 52.8 816/824 | 536 (244 |36 |426 |318 |80 |PCR-RFLP 29.00 | Y
+16.2/
51.4+17.6

(Continued)
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Table 1. (Continued)

Firstauthor |Year |Country | Ethnicity |Source |Meanage Sample |Cases Controls Genotyping MAF |HWE
of (y) (case/ |size Pro/ |Pro/ Ala/ Pro/ |Pro/ Ala/ AMethods (%) [ (YIN)
control control) (case/ Pro |Ala |Ala |Pro Ala |Ala

control)
Grygiel- 2015 | Poland | Caucasian | HB 59.88 151/120 | 101 |44 |6 84 |32 |4 TagMan 16.67 | Y
Gorniak B 15.07/
58.59
+5.86

Abbreviations: MAF, minor allelic frequency; HWE, Hardy-Weinberg equilibrium; HB, hospital based; PH, population based; PCR-RFLP, polymerase chain
reaction-restriction fragment length polymorphism

*male subgroup

A female subgroup

®, Hui subgroup

&, Chinese Han subgroup

Y, yes; N, no.

https://doi.org/10.1371/journal.pone.0181644.t001

Stratification based on the genotyping method revealed no significant association between
the PPARG Prol2Ala polymorphism and EH risk in the PCR-RFLP subgroup, whereas a statis-
tically significant association was found in the other methods subgroup (for allelic model,

OR = 0.690, 95% CI: 0.543-0.879, P = 0.003; for dominant model, OR = 0.676, 95% CI: 0.515-
0.889, P = 0.005) (S2 Fig).

As shown in S3 Fig, there was no significant difference in the value of blood pressure
between Ala carriers and non-carriers (for SBP, SMD: 0.08, 95% CI: -0.18-0.33, P = 0.562; for
DBP, SMD: 0.04,95% CI: -0.11-0.20, P = 0.594, respectively).

Association of PPARG C161T polymorphism with EH risk. As shown in Fig 5, there
was no significant association between the PPARG C161T polymorphism and EH risk in the
whole population under allelic (OR = 0.791, 95% CI: 0.587-1.064, P = 0.121) and dominant
genetic models (OR = 0.734, 95% CI: 0.499-1.081, P = 0.117).

Because the between-study heterogeneity was also significant in the whole study (for allelic
model, I* = 75.0%, P = 0.003; for dominant model, I* = 78.9%, P = 0.001), so subgroup analyses
stratified by ethnicity, genotyping methods and source of control were also conducted. The

Table 2. Main characteristics of studies involved in this meta-analysis of the PPARG C161T polymorphism and essential hypertension risk.

First Year |Country |Ethnicity |Source of Mean age (y) |Sample size |Cases Controls Genotyping MAF |HWE

author control (case/ (case/ cc |cT |TT \cc |cT |71 | methods (%) (Y/N)
control) control)

QuFz 2005 | China Asian HB 49.0+10.0/ 160/ 116 12134 |5 |70 |42 |4 |PCR-RFLP 2155 |Y
46.0+12.0

LinY 2012 | China Asian PB 52.1+9.9/ 269/ 551 140 | 108 | 21 | 278 | 218 | 55 | TagMan 29.76 |Y
49.049.0

ChenJ 2014 | China Asian PB 45.1+12.9/ 144/ 165 90 |49 |5 |96 |64 |5 |MALDI-TOF-MS 2242 |Y
42.4+11.6

ZhangY | 2014 | China Asian HB 63.9+10.8/ 393/ 405 270|108 |15 | 204 | 177 | 24 | PCR-RFLP 27.78 | Y
63.319.5

Grygiel- 2015 | Poland | Caucasian | HB 59.9+5.1/ 151/120 10739 |5 |91 |27 |2 |PCR-RFLP 1292 |Y

Gorniak B 58.6+5.9

MAF, minor allelic frequency; HWE, Hardy-Weinberg equilibrium; PCR-RFLP, polymerase chain reaction-restriction fragment length polymorphism;HB,
hospital based; PH, population based; Y, yes; N, no.

https://doi.org/10.1371/journal.pone.0181644.t1002
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Table 3. Characteristics of individual studies included in the meta-analysis of the PPARG Pro12Ala polymorphism and blood pressure.

First author Year Country Ethnicity Subpopulation Genotypes Number (n) SBP DBP
M SD M SD

Zhang AP 2005 China Asian All Pro/Pro 276 158.6 25.1 95.6 15.3
Pro/Ala 13 132.3 16.7 91.3 12.5

Shen D 2005 China Asian EH Pro/Pro 66 155.6 13.5 90.3 7.2
Pro/Ala+Ala/Ala 4 159.3 15.8 91.7 7.6
GaolL 2010 China Asian EH Pro/Pro 337 147.8 15.4 88.1 11.2
Pro/Ala+Ala/Ala 8 150.8 21.3 88.3 11.1

Control Pro/Pro 131 111.9 11.0 73.3 9.1

Pro/Ala+Ala/Ala 6 120.5 14.5 71.7 10.1
Zhang XF ® 2013 China Asian EH Pro/Pro 125 155.6 11.6 92.1 11.9
Pro/Ala+Ala/Ala 21 154.7 10.3 91.8 9.1

Control Pro/Pro 101 117.5 10.2 74.9 8.4

Pro/Ala 11 115.0 15.9 74.6 9.3

Zhang XF & 2013 China Asian EH Pro/Pro 137 153.7 15.4 94 1 9.8
Pro/Ala+Ala/Ala 26 155.4 17.49 95.2 9.6

Control Pro/Pro 158 123.7 10.2 75.4 7.5

Pro/Ala 20 126.4 7.0 76.7 71
Grygiel-Gorniak B 2015 Poland Caucasian EH Pro/Pro 101 158.2 15.0 96.8 11.4
Pro/Ala 44 155.3 15.6 94.8 12.1
Ala/Ala 6 158.7 20.6 104.8 10.0

Control Pro/Pro 84 122.3 10.0 77.8 6.9

Pro/Ala 32 119.0 12.0 76.1 6.7

Ala/Ala 4 117.5 10.7 79.0 5.6

®, Hui subgroup
&, Chinese Han subgroup
EH, essential hypertension; SBP, systolic blood pressure; DBP, diastolic blood pressure; M, mean; SD, standard deviations

https://doi.org/10.1371/journal.pone.0181644.t003

subgroup analyses showed that the statistically significant association only existed in the Asian
subgroup (for allelic model, OR = 0.719, 95% CI: 0.537-0.963, P = 0.027; for dominant model,
OR = 0.653, 95% CI: 0.439-0.972, P = 0.036) (Fig 6).

Sensitivity analysis

Because of the significant between-study heterogeneity, sensitivity analysis was conducted to
determine the influence of individual studies on pooled ORs by sequentially removing each eli-
gible study. No single study of the Pro12Ala polymorphism influenced the stability of the
entire study (Fig 7). For the C161T polymorphism, The study by Grygiel-Gorniak et al. signifi-
cantly affected the overall results (Fig 8). When the Grygiel-Gorniak et al. study was excluded,
the pooled result changed to the contrary.

Publication bias

The Begg’s funnel plot and Egger’s test were adopted to evaluate the publication bias among
the individual studies. For Pro12Ala, Fig 9 showed that a visual publication bias was found in
the Begg’s funnel plot under both allelic and dominant models. The significant difference was
also detected by Egger’s test (P = 0.002 under the dominant model; P = 0.002 under the allelic
model). For the C161T polymorphism, no visual publication bias was found in the Begg’s
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Table 4. Summary of meta-analysis of association of the PPARG polymorphisms and essential hypertension risk.

SNPs Subgroup Dominant model Allelic model
N OR (95% CI) Por P (%) Pq OR (95% Cl) Por P (%) Pq
Pro12Ala | All 17 | 0.771 (0.627-0.946) 0.013 54.0 0.004 | 0.757 (0.624-0.918) 0.005 57.9 0.002
Ethnicity
Asian 14 | 0.749 (0.595-0.944) 0.014 | 525 0.011 0.726 (0.587-0.887) 0.003 54.6 0.007
Caucasian 3 0.847 (0.531-1.351) 0.486 | 59.6 0.084 | 0.865 (0.563—1.329) 0.509 61.6 0.074
Genotyping method
PCR-RFLP 13 | 0.826 (0.623-1.095) 0.184 | 48.0 0.027 | 0.790 (0.596—1.047) 0.101 53.9 0.011
Others 4 0.676 (0.515-0.889) 0.005 |59.7 0.059 0.690 (0.543-0.879) 0.003 63.2 0.043
Source of control
HB 10 | 0.921(0.697-1.217) 0.562 28.1 0.186 0.863 (0.652—1.141) 0.301 37.7 0.108
PB 7 0.658 (0.514-0.946) 0.001 55.1 0.038 0.675 (0.532-0.855) 0.001 62.3 0.014
HWE
P>0.05 14 | 0.752 (0.609-0.928) 0.008 | 52.3 0.012 0.745 (0.620-0.894) 0.002 |49.4 0.019
P<0.05 3 0.805 (0.370-1.750) 0.584 |62.6 0.009 0.664 (0.244—1.809) 0.423 |81.3 0.005
C161T All 5 0.734 (0.499-1.081) 0.117 | 78.9 0.001 0.791 (0.587—1.064) 0.121 75.0 0.003
Ethnicity
Asian 4 0.653 (0.439-0.972) 0.036 | 78.1 0.003 | 0.719(0.537-0.963) 0.027 |72.2 0.013
Caucasian 1 1.290 (0.748-2.227) 0.36 0 0 1.306 (0.807-2.122) 0.282 0 0
Genotyping method
PCR-RFLP 3 0.646 (0.354—-1.178) 0.154 81.7 0.004 0.727 (0.444—-1.191) 0.206 79.7 0.007
Others 2 0.907 (0.709-1.160) 0438 |0 0.673 | 0.907 (0.745—-1.104) 0.329 0 0.919
Source of control
HB 3 0.646 (0.354—1.178) 0.154 |81.7 0.004 | 0.727 (0.444—1.191) 0.206 |79.7 0.007
PB 2 0.907 (0.709-1.160) 0438 |0 0.673 | 0.907 (0.745-1.104) 0.329 0 0.919

N, number of study; HWE, Hardy-Weinberg equilibrium; PCR-RFLP, polymerase chain reaction-restriction fragment length polymorphism;HB, hospital
based; PH, population based.

https://doi.org/10.1371/journal.pone.0181644.t1004

Study

funnel plot under both of the genetic models(Fig 10), which was confirmed by the Egger’s test
(dominant model, P = 0.414; allelic model, P = 0.376). No obvious publication bias was found

D OR (95% CI) Weight
f
Rodriguez Esparragn FJ (2003) —— 053(031,0.90) 663
Horiki M (2004) 072036, 1.46) 475
Shen D (2005) —_— 105(037,294) 276
Zhang AP (2005) —o—{—'— 052(0.16,1.71) 219
i
Gouni-Berthold | 200) E 100 (0.66,152) 810
PanHJ (2007) —— 085045, 161) 535
I
Yin RX " (2008) Ve 154(092,258) 674
Yin RX 4 (2008) _— 0.46(0.20,1.08) 367
'
LuzC (2008) —— 0.48(0.30,0.75) 761
i
GaoL (2010) —_—t 035(0.14,087) 33
|
Dong HR (2012) 289(026,3200) 061
LinY (2012) —— 070 (055, 0.89) 1077
Znang XF 5 (2013) R 091(0.43,1.94) 435
T
Zhang XF & (2013) | —— 152(083,276) 577
i
ChenJ (2014) —_—— 057(037,089) 780
Wang G (2015) - 059 (050, 0.69) 1191
Grygiel-Gémiak B (2015) —_— 114(073,178) 766
Overall (-squared = 57.9%, p = 0.002) é 076 (0.62,0.92) 100,00
i
i
analysis '
T T
0312 1 32

Study
[}

Rodriguez-Espartagdn FJ (2003)
Horiki 1 (2004)

Shen D (2005)
Zhang AP (2005)
Gouni-Berthold | (2005)
Pan HJ (2007)

Yin RX* (2008)

YinRXA (2008)

LuZC (2008)

GaoL (2010)

Dong HR (2012)

LinY (2012)

Zhang XF 5(2013)
Zhang XF & (2013)
Chen J (2014)

Wang G (2015)
Grygiel-Gérmiak B (2015)

Overall (-squared = 54.0%, p = 0.004)

NOTE: Weights ar

OR (95% CI)

051(0.29,089)
0.72(0.35,1.46)
089 (0.28,280)
051(0.15,1.71)
099 (062, 1.58)
084(0.43,163)
148(084,263)
052(0.22,1.25)
046(029,073)
052(0.18,1.52)

290(0.26,3236)
0.70(052,0.95)
154(071,335)
150(0.80,2.80)
056 (0.34,091)
0.56 (0.46, 0.68)
116(0.69, 1.94)
0.77(063,095)

%

Weight

Fig 2. Forest plot for the PPARG Pro12Ala polymorphism and EH risk under the allelic model (A)and dominant model (B).

24

https://doi.org/10.1371/journal.pone.0181644.9002

PLOS ONE | https://doi.org/10.1371/journal.pone.0181644  July 20, 2017

9/17


https://doi.org/10.1371/journal.pone.0181644.t004
https://doi.org/10.1371/journal.pone.0181644.g002
https://doi.org/10.1371/journal.pone.0181644

:@.’ PLOS | ONE PPARG polymorphisms and EH

Study % Study %
D OR (95% CI) Weight 5} OR (95% CI) Weight
Caucisian i Caucisian H
Rodriguez-Esparragén FJ (2003) - IS 053(031,090) 663 Rodriguez- Esparragén FJ (2003) BN 061(029,089) 677
Gouni-Berthold I (2005) g N 100(066,152) 810 Gouni-Berthold | (2005) m 099(062,158) 785
Grygiel-Gomiak B (2015) —— 114(073,178) 766 Grygiel-Gomiak B (2015) —a 116(069,1.94)  7.25
Subtotal (-squared = 61.6%, p = 0.074) <> 067(056,133) 2239 Subtotal (I-squared = 59.6%, p = 0.084) <> 085(063,135) 2187
i i
Asian | Asian i
Horiki M (2004) —— 072(036,146) 475 Horiki M (2004) —— 072(035,146) 509
Shen D (2005) ——— 105(037,294) 276 Shen D (2005) — 089(028,280) 260
Zhang AP (2005) —_— 052(0.16,171) 219 Zhang AP (2005) —_— 051(0.15,171) 240
Pan HJ (2007) 5 085(045,161) 535 Pan HJ (2007) - 084(043,163) 557
Yin RX * (2008) e 154(0.92,258) 674 Yin RX * (2008) [ 148(084,263) 656
Yin RX A (2008) —_ ] 046(020,108) 367 Yin RX A (2008) — = 052(022,125) 3.9
Lu 2 (2008) o W 048(030,075) 761 Lu ZC (2008) . . 046(029,073)  7.90
Gao L (2010) —_—— 035(0.14,087) 333 GaoL (2010) —_—— 052(0.18,152) 286
Dong HR (2012) . 289(0.26,3200) 061 Dong HR (2012) L 290(026,3236) 069
LinY (2012) — 070(055,089) 1077 LinY (2012) — 070(062,095) 1047
Zhang XF 5 (2013) —— 091043194 435 Zhang XF 5 (2013) —_— 154(071,335) 461
Zhang XF & (2013) e 152(083,276) 577 Zhang XF & (2013) e 150(080,280) 597
Chen J (2014) - . 057(037,089) 780 Chen J (2014) —L 056(034,091) 754
Wang G (2015) -~ 059(050,069) 1191 Wang G (2015) —! 056(046,065) 1191
Subtotal (-squared = 54.6%, p = 0.007) <> 073(059,0.90) 77561 Subtotal (I-squared = 52.5%, p = 0.011) <> 075(069,094) 7813
1 f
Overal (-squared = 57.9%, p = 0.002) <|> 076(062,092)  100.00 Overall (-squared = 54.0%, p = 0.004) <‘:> 077(063,095)  100.00
NOTE: Weights are from random effects analysis ; NOTE: Weights are from random effects analysis :
T T

T T
0312 1 32 0309 1 324

Fig 3. Forest plots of ORs for the association between the PPARG Pro12Ala polymorphism and susceptibility to EH in subgroup analysis based on ethnicity
under the allelic model (A) and the dominant model (B).
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in the Begg’s funnel plot for blood pressure (S4 Fig), which was also confirmed by Egger’s test
(for SBP, P = 0.362; for DBP, P = 0.628).

Discussion

In the present meta-analysis, we evaluated the relationship between PPARG polymorphisms
and the risk of EH. Our meta-analysis found associations of the Pro12Ala and C161T polymor-
phisms of PPARG with significant risk of EH.
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Fig 4. Forest plots of ORs for the association between the PPARGPro12Ala polymorphism and susceptibility to EH in subgroup analysis based on source of
control under the allelic model (A) and the dominant model (B).
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Studies suggest that PPARG modulates the expression of genes involved in energy storage
and utilisation [35] and plays a critical role in the regulation of adipocyte differentiation, lipo-
genesis, insulin resistance, inflammatory response, angiogenesis and atherosclerosis.

Clinical and experimental studies have indicated that PPARG might be associated with EH
risk and the activation of central"’PPAR-y could attenuate angiotensin II-induced "hypertension
[36]. The mechanism by which PPARG decreases blood pressure is still not completely clarified.
The likely mechanisms are: 1) antagonism of the renin-angiotensin system, 2) inhibition vascu-

lar cell proliferation; and 3) improvement endothelial function [37].

Up to now, several polymorphisms in PPARG had been studied, including Pro12Ala
(rs1805192), C161T (rs3856806), C681G (rs10865710). As one of the important candidate
genes for EH, studies on the association of PPARG polymorphisms and EH risk have been
explored extensively. The results showed that PPARG polymorphisms might be associated
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Fig 6. Forest plots of ORs for the association between the PPARGC161T polymorphism and susceptibility to EH in subgroup analysis based on ethnicity
under the allelic model (A) and the dominant model (B).
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Fig 7. Sensitivity analyses of the association between the PPARG Pro12Ala polymorphism and susceptibility to EH under the allelic model (A) and the

dominant model (B).
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with metabolism-related diseases [10]. In the present study, we selected the variant site in
PPARG when it was in accord with the included criteria and was studied more than 3 times.
After a literature search, the Pro12Ala and C161T polymorphisms in PPARG matched these
conditions.
Although much research on the relationship between PPARGPro12Ala and C161T poly-
morphisms and EH have been conducted so far, the results of individual studies were inconsis-
tent. In 2003, a community-based, cross-sectional observational study to explore the
relationship between the PPARG Prol2Ala polymorphism and blood pressure in male subjects
with type 2 diabetes was performed in Swedish subjects. Subjects with the Pro/Ala or Ala/Ala
genotype had significantly lower diastolic blood pressure. On the contrary, in a cross-sectional
study conducted in the aboriginal Qatari population in 2013, Beneret al. [17] showed that par-
ticipants with the Ala allele had a higher EH risk than those with the Pro allele. For the C161T
polymorphism, this discrepancy also existed. The results of these studies were not consistent,
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dominant model (B).
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which could be partly attributed to the insufficient power of the studies, different EH diagnos-
tic criteria, and/or ethnic and environmental variations. For example, in the Kim et al. study,
the authors defined EH as the systolic pressure greater than 130 mmHg and/ or diastolic pres-
sure greater than 80 mmHg. In different countries, the discrepancy was remarkable. Even in
the same countries, differences also existed among different ethnic groups. In China, this asso-
ciation was observed in Han [19] and Uyghur populations [23], rather than in Hui [33] and
Zhuang populations [31].

In the present study, the results demonstrated that the PPARG Prol2Ala polymorphism
was associated with susceptibility to EH under both allelic and dominant models, which was
consistent with the study by Wang et al [38]. Although there was significant between-study
heterogeneity, sensitivity analysis indicated that no single study influenced the pooled OR for
the PPARGProl12Ala polymorphism. Subgroup analysis stratified by ethnicity indicated that
the association existed in Asians, but not Caucasians. However, there was no significant differ-
ence in the value of blood pressure between Ala carriers and the non-carriers. There was no
significant association between the PPARG C161T polymorphism and EH risk in the whole
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Fig 10. Funnel plot for the PPARGC161T polymorphism and EH risk under the allelic model (A) and the dominant model (B).
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o

PLOS ONE | https://doi.org/10.1371/journal.pone.0181644  July 20, 2017

13/17


https://doi.org/10.1371/journal.pone.0181644.g009
https://doi.org/10.1371/journal.pone.0181644.g010
https://doi.org/10.1371/journal.pone.0181644

@° PLOS | ONE

PPARG polymorphisms and EH

population.However, in the subgroup analysis, we found that the PPARGC161T polymor-
phism was significantly associated with the risk of EH in the Asian subgroup. Sensitivity analy-
sis showed that the Grygiel-Gérniak et al. study significantly affected the overall results. When
this study was excluded, the pooled result changed to the contrary. When we analysed this
paper carefully, we found that this study was conducted in Caucasians and that the sample size
was the smallest among the 5 papers, which contributed to the false-negative result.

In 2012, Wang et al. [38] conducted a meta-analysis to evaluate the relationship between
the Prol12Ala polymorphism (rs1801282) in PPARG and EH susceptibility. They concluded
that the Ala allele might be protective for hypertension among East Asians, but not among
Caucasians. Compared with the study by Wang et al, the present meta-analysis had several
strengths. First, not only Pro12Ala, but also C161T polymorphisms in PPARG were involved
in this study, and the analysis of correlations between polymorphisms and EH were more com-
prehensively studied. Second, only 8 papers with 3,281 participants were involved in the study
by Wang et al. in 2012. Since then, several new case-control studies on the relationship be-
tween PPARGProl12Ala polymorphism and the susceptibility to EH were conducted. In the
present meta-analysis, a total of 15 articles comprising 4,151 cases and 4,997 controls were
involved, which increased the statistical power greatly. Third, due to the significant between-
study heterogeneity, we performed sensitivity analysis and subgroup analysis to explore the
source of heterogeneity.

Several limitations are present in our meta-analysis. First, as mentioned above, the associa-
tion between Prol2Ala polymorphism and EH might be gender-specific. Because we could not
obtain individual data from each study, we could not analyse the interaction between gene
polymorphisms and the environment. Second, in our meta-analysis, most of the studies were
conducted in Asians. There were only three studies conducted in Caucasians. Since the sample
size for Caucasians was particularly small, the power was low, and thus results should be inter-
preted with caution. Third, only five studies with a small sample size (1,118 cases and 1,357
controls) were involved in our analysis of the association between the PPARG C161T polymor-
phism and susceptibility to EH. The sample size was relatively small, and any conclusion
should be made cautiously. Finally, the publication bias was significant for the Pro12Ala poly-
morphism. A likely reason for the publication bias was that studies in other languages were
not retrieved, and/or the negative studies were less likely to be published.

Conclusion

In conclusion, our meta-analysis suggested that the PPARGProl12Ala and C161T polymor-
phisms might be associated with the risk of EH in Asians. Since the Caucasian sample size was
too small and statistically lacking in power, we should interpret it cautiously. Further large-
scale studies should be conducted to confirm the above conclusions.
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S2 Fig. Forest plots of ORs for the association between the PPARG Prol2Ala polymorphism
and susceptibility to EH in subgroup analysis based on genotyping methods under the allelic
model (A) and the dominant model (B).

(TIF)

S3 Fig. Forest plot of the association between the PPARG Prol2Ala polymorphism and the
value of systolic blood pressure (A) and diastolic blood pressure (B).
(TIF)

S$4 Fig. Funnel plot for the PPARG C161T polymorphism and the value of systolic blood pres-
sure (A) and diastolic blood pressure (B).
(TIF)
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