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Abstract

Objective: We aimed to evaluate the contribution of the G-protein 3 subunit C825T
(GNB3-C825T) polymorphism to essential hypertension (EH) in Han Chinese population
by performing the meta-analysis. Materials/Methods: A meta-analysis was performed in
12 case-control genetic association studies including 3,020 hypertension patients and 2,790
controls from MEDLINE (PubMed) and the China National Knowledge Infrastructure
(CNKI) platforms. The STATA 10.0 software was used in analysis. Results: Overall, there
was no significant association between the GNB3-C825T polymorphism and EH in neither
additive [TT vs. CC: OR(95%CI1)=1.11(0.74-1.69), P=0.61; TC vs. CC: OR(95%CI)=1.08
(0.89-1.31), P=0.42], nor dominant [TT+TC vs. CC: OR(95%CI)=1.11 (0.86-1.42),
P=0.43] and nor recessive [TT vs. TC+CC: OR(95%CI1)=1.04 (0.75-1.44), P=0.81] genetic
models. Although futher subgroup analysis found statistically significant results [T vs. C:
OR (95%Cl) = 1.50 (1.05-2.15), P=0.03] in the southern population, but after exclusion
one particular study, the significant association was disappeared. No significant result was
found in the northern population. Conclusions: there was no significant association
identified between GNB3-C825T polymorphism and EH in Han Chinese population.
Further larger sample and well-designed studies are needed to assess the genetic
association particularly in the southern Han Chinese population.

Keywords: Hypertension, Genetic association study, Systematic review, Han Chinese,

Meta-analysis.



Introduction

Hypertension is an important worldwide public-health challenge due to the high
prevalence and is a leading risk factor for mortality (1, 2). An international collaborative
study reported that 27.2% of the Chinese population aged from 35 to 74 years old have
hypertension, indicating that hypertension is highly prevalent in Chinese (3). Essential
hypertension (EH) is one of the most common complex diseases that accounts for 95% of
all cases of hypertension(4) and is likely to be the consequence of interaction between
genetic and environmental factors(5). The correlation between high blood pressure
phenotypes is stronger between parents and children than that between spouses, suggesting
genetic factors are more crucial than environmental ones(6). To investigate genetic
mechanisms of hypertension, candidate polymorphisms of the genes involved in the
pathways of rennin-angiotensin-aldosterone system, autonomic nervous system and
Na+/H+ exchanger such as G-protein 3 subunit (GNB3)-C825T, angiotensin converting
enzyme (ACE)-Insertion/Deletion, angiotensinogen (AGT)-M235T and aldosterone
synthase (CYP11B2)-C344T have been investigated in different ethnic populations(7).

The GNB3 gene (12p13) (OMIM 139130) encodes the -3 subunit of heterotrimeric
G-proteins, composing of three subunits (o, p and y). (Pls confirm : B -3 subunit of
heterotrimeric G-proteins, composing of three subunits (a, B and y). Not logical to
me?!11)The B-subunit plays an important role on regulation of the a-subunit and several
signal transduction receptors and effectors(8). Enhanced GNB3 activation influences
specific signal transduction pathways, cell proliferation, even immortalized lymphoblast
and fibroblastsin in patients with EH, together with elevated Na*/H" exchange activity(9,
10). It has been reported that 30-50% of essential hypertensive patients have an increase in

the activity of Na+/H+ exchanger in their blood cells(11). Therefore, levels and activity of



GNB3 could become a candidate marker for predicting the susceptibility to EH. In 1998,
Siffert et al. first identified a C825T polymorphism at position 825 in exon 10 of the gene
encoding GNB3 and found GNB3-825T allele was associated with EH(10). Since then,
many researchers have studied the relationship between GNB3-C825T polymorphism and
EH in different population with controversial results (12-14). A meta-analysis including 34
studies observed a significant association between C825T polymorphism and hypertension
in Caucasians but a non-significant association in Asian populations(14). In China,
association studies between GNB3-C825T polymorphism and EH have been extensively
pursued with inconsistent results. Different population structure, latitude distribution,
ethnic difference and limited statistical power may be the possible contributors to the
observed inconsistency.

In this study, we performed a meta-analysis to confirm whether GNB3-C825T
polymorphism was associated with EH in Han Chinese population and further stratified by
geographical locations the publications including data published in Chinese to increase
statistical power and more effectively clarify the role of GNB3 polymorphisms in the

susceptibility of EH.

Materials and methods
Literature search

We searched MEDLINE (PubMed) and the China National Knowledge Infrastructure
(CNKI) by employed the following keywords: GNB3-C825T, G-protein beta3,
polymorphism, hypertension, blood pressure, essential hypertension, China and Chinese.
The following criteria were established for the study selection: 1) Case-control studies

concerning the association of GNB3-C825T polymorphism with EH in Chinese



populations in China; 2) Having demographic data of subjects, such as Chinese ethnicity
and geographical locations; and 3) Data on genotype distributions. Hypertension was
defined as cases if patients had a systolic blood pressure (SBP) > 140 mmHg or a diastolic
blood pressure (DBP) > 90 mmHg, or they were undergoing antihypertensive treatments.
Controls were defined as indivdules with a SBP lower than 140 mmHg, or DBP lower than
90 mmHg, and they were not receiving any antihypertensive therapies. Studies on
secondary hypertension or with other serious diseases were excluded. In addition, studies
were excluded from the consideration if: 1) The studies were not designed as case-control
studies; 2) The source of cases and controls and other essential information was not
presented; 3) Reviews and duplication of the publications; 4) The control group in studies
deviated from the Hardy-Weinberg equilibrium; and 5) Subjects of the studies were not
Han Chinese.

We separated the selected studies into the Northern studies and the Southern studies
according to the following criteria. The Huai River-Qinling Mountains line is generally
regarded as the geographical dividing line between South and North China. If the location
of the subjects was on the North of the Huai River-Qinling Mountains line, the studies
were assigned to the Northern studies, otherwise Southern studies.

Data extraction

Two investigators extracted standard information from each independent study. From
each study, the following information was obtained: first author, year of publication,
geographical location/province, ethnical background of the study population, demographics,
validity of the genotyping method and numbers of the cases and controls for each genotype
and allelic frequency of GNB3-C825T polymorphism. To make sure the accuracy of the

data, extractions were performed by two reviewers independently.



Meta analysis

Statistical analysis was performed with STATA 10.0 software (STATA Corp.,
College Station, Texas, USA, version 10.0). To measure the strength of genetic association
between GNB3-C825T polymorphism and EH, the odds ratios (OR) and 95% confidence
interval (95%CI) were calculated. In addition to the investigations using all of the studies,
comparisons between studies by categorizing subjects into different subgroups according to
geographical location were also carried out. Heterogeneity among the studies was analyzed
using the heterogeneity Q statistic test. The inconsistency index I1? (ranging from 0 to 100%)
was also calculated, where higher values of the index indicated the existence of
heterogeneity(15). If the significant Q statistic (P<0.1) indicated the existing of
heterogeneity across studies, the DerSimonian and Laird method in the random effects
model was used for meta-analysis. Otherwise, the Mantel-Haenszel method in the fixed
effect model was used. Sensitivity analyses were performed by sequentially omitting one
study each time to assess each potential influence of the individual study on the pooled
estimate. We also performed Egger’s test to examine publication bias. A goodness-of-fit x>
test was used to check whether the frequencies of genotypes deviation from the
Hardy-Weinberg Equilibrium (HWE)
(http://ihg2.helmholtz-muenchen.de/cgi-bin/hw/hwal.pl). P<0.05 was considered

statistically significant.

Results
Characteristics of studies
The initial search with the keywords identified a total of 27 studies. Of the 27 studies,

three studies were excluded because the study population was not the Han Chinese


http://ihg2.helmholtz-muenchen.de/cgi-bin/hw/hwa1.pl

population (13, 16, 17) and two articles were excluded since they were pedigree-based
research(18, 19). Among the other excluded studies, two studies were duplicate
publications (20, 21) and three studies were reviews(22-24). Furthermore, four studies were
excluded due to the deviation from the Hardy-Weinberg equilibrium in the control groups
(25-28). Thus, 12 case-control studies including a total of 5,810 individuals (3,020
unrelated hypertensive patients and 2,790 normotensive controls) were included in the
present investigation. Seven case and control studies were selected from hospital (12, 30,
33-35, 37, 38), while four community-based cases and controls were used (31, 32, 36, 39).
In one study, samples were selected from both hospital and community (29). The WHO
criteria for hypertension diagnosis were used in all included studies. The method of
genotyping test was PCR-RFLP in all included studies.

The characteristics of all included studies are shown in Table 1. Among the eligible
studies, three of which investigated Southern Han Chinese populations including Shenzhen
city (Guangdong), Henan and Chongging City (Sichuan) provinces (29-31). Other subjects
came from Northern Han Chinese populations including Beijing City, Heilongjiang, Jilin,
Liaoning, Shandong and Shanxi provinces(12, 32-39). According to the data of all studies,
the frequency of GNB3-825T allele was 47.3% for hypertension and 48.2% for
normotensive control. In the Northern population, the frequency of the GNB3-825T allele
was 48.7% (47.5% for cases and 50.0% for controls), while the GNB3-825T allele
frequency was 40.6% (45.5% for cases and 36.1% for controls) in Southern studies. There
was a significant difference between the Southern and the Northern populations (x2:31.017,
P<0.001). After exclusion the study from Chongging study, the significant difference of T
allele frequency was not found between northern and southern populations (45.2% for

southern population and 48.7% for northern population, XZ =3.762, P = 0.052).



Meta analysis in all investigated studies

In the meta-analysis of all involved studies, there was no significant association
between GNB3-C825T polymorphism and EH in the Chinese Han population (Table 2).
The Q test showed heterogeneity in the 12 studies. We therefore used the random effects
model to calculate the combined effects in three genetic models. The OR (95% CI) were
TT vs. CC: 1.11 (0.74-1.69), P=0.61; TC vs. CC: 1.08 (0.89-1.31), P=0.42 in additive
model; similarly, no significant association was identified neither in the dominant model
(OR=1.11; 95% CI: 0.86-1.42, P=0.43) nor in the recessive model (OR=1.04; 95% ClI:
0.75-1.44, P=0.81). Heterogeneity between studies was identified in the all comparisons (P
for heterogeneity Q test < 0.1). Furthermore, the 1° statistics suggested an existence of

extreme heterogeneity for all comparisons in all studies.

Subgroup analysis

Heterogeneity was found between each of the studies (Table 2). Therefore, a
sub-group analysis of the studies by geography grouping of Northern and Southern China
was suggested. With no further evidence of heterogeneity in each sub-group, we used the
fixed effects model to evaluate the pooled OR of three Southern population studies (Figure
1). We observed that the presence of GNB3-825T allele was significantly associated with
higher risk of EH than that of GNB3-825C allele carriers (T vs. C: OR=1.50, 95% CI:
1.05-2.14, P=0.026) in Southern Han Chinese population. However, there was no
statistically significant association in Northern Han Chinese population (T vs. C: OR=0.98,
95% ClI: 0.79-1.21, P=0.829). The same results were observed in all three genetic models
(detailed data was not shown). Between-study heterogeneity was found in the Northern

studies (P for heterogeneity Q test < 0.001), but not in the Southern studies (P for



heterogeneity Q test=0.101).

Sensitivity analysis

To further strengthen the confidence for the results, we conducted a sensitivity
analysis and the result showed that there was little modification of the estimates after
exclusion of an individual study, with pooled ORs ranging from 0.89 to 1.07. Similarly,
exclusion of individual Northern studies did not modify the estimates much, with pooled
ORs ranging from 0.91 to 1.05. However, among the South studies, Chongging study from
Sichuan province influenced the combined effects with distinct modification. Since the T
allele frequency of Chongging province was 23.2% in controls, which was significantly
lower than other studies as we discussed above (Table 1). After exclusion of this
Chongging study, no significant association was found between GNB3-C825T
polymorphism and EH in the Southern studies (OR=1.26, 95%CI: 0.94-1.68, P = 0.123).
There was no difference in the Northern data analyzed by either fixed effect model or
random effect model. The results from fixed effect model was OR (95%): 0.92 (0.85-1.00),

and from random effect model was OR (95%): 0.98 (0.79-1.21), respectively.

Publication bias
Publication bias, i.e., the manuscripts can be accepted and published easier if they
contain positive results. This is an important consideration in estimating the reliability of
meta-analysis. In this study, there was no publication bias for GNB3-C825T
polymorphism by Egger’s test (t=0.49, P = 0.631). However, the funnel plot showed the

asymmetrical distribution of the studies (Figure 2).

Discussion



GNB3-C825T polymorphism was demonstrated to result in the lack of 41 amino acids
in B3 subunit of trimeric G-proteins and was shown to be associated with hypertension (10).
This polymorphism has also been associated with enhanced G-protein signaling(10, 40, 41),
presumably through abnormal stability or functional interactions of the shortened
G-proteins as the polymorphism does not affect GNB3 mRNA levels(40). A case-control
study found that GNB3-C825T polymorphism influenced plasma sodium and potassium
concentrations in essential hypertension patients, evidenced by an increased activity of the
Na+/H+ exchanger(42). Thus, GNB3-C825T polymorphisms could be a valuable marker
for predicting the susceptibility to hypertension and/or salt sensitivity (9, 10).

In recent years, many studies have reported a correlation between GNB3-C825T and
EH in Caucasian, African, South American and Asian populations, respectively (43, 44).
However, there were also discrepant conclusions in the other investigations (45, 46). Bogos
et al.(14) carried out a meta-analysis of total 34 studies with 14,094 hypertensive patients
and 17,760 controls from Caucasian, African and Asian populations, and confirmed that
GNB3-825T allele was correlated with EH (TT vs. CC + CT: OR=1.08; 95% CI: 1.01-1.15,
P<0.001 and TT + CT vs. CC: OR=1.17; 95% CI: 1.06-1.29, P<0.001). But further
subgroup analysis failed to identify significant associations from studies in Asian
populations. Our meta-analysis showed that the GNB3-C825T polymorphism was not
associated with EH in Han Chinese populations, which is in agreement with the result of
the above multiethnic population meta-analysis(14). When stratifying for the geographical
location, we observed that GNB3-825T allele (OR = 1.50, 95% CI: 1.05-2.15, P=0.026)
was a risk factor for EH in Southern Han Chinese populations. However, only three
investigations on the Southern Han Chinese populations were eligible and selected for the

meta-analysis, and thus less EH patients and normotensive individuals were in this study.
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False-positive result, therefore, is not negligible. Furthermore, in the sensitivity analysis,
we found that the allelic frequency of GNB3-C825T from the study of Chongqing study
from Sichuan province significantly influenced the combined effects in studies conducted
in Southern China. After excluding of this study, the significant association in South
studies disappeared. Therefore, it should be very cautious to draw a conclusion on a
significant association between GNB3-C825T polymorphism and EH in Southern Han
Chinese population.

It should be taken into consideration that the GNB3-825T allele was thought to be a
‘thrifty genotype’, similar with AGT-M235T polymorphism, due to the high frequency in
original ethnicities and significant correlation with obesity(47). On the other hand,
GNB3-825T, AGT-235T and cytochrome P450 3A5 (CYP3A5)-*1 alleles contribute to the
susceptibility to salt sensitivity(48), suggesting that these polymorphisms may present the
same distributions under the same selective pressure. It has been reported that the
frequencies of AGT-235M and CYP3A5-*3 allele increase with distance from the equator
(r=0.712, P < 0.001 and r=0.612, P < 0.001) (49), meanwhile indicating that GNB3-825T
allele decreases with the distance from the equator. In addition, an increase in latitude
associated with lower frequency of GNB3-825T allele was confirmed by the Human
Genome Diversity Project (HGDP) (50). In the current study, we calculated the frequency
of GNB3-825T allele of all the studies included in the meta-analysis, and further analyzed
the association of the frequency with latitude of geographical regions. We failed to observe
the correlation between GNB3-825T allele and latitude (r=0.469, P=0.106), and similar
result was obtained after removing the Chongging study (r=0.322, P=0.307). It is worth
noting that less number of the studies from Southern population may reduce the statistical

analysis power and lead to failure of detecting the association between the frequency of

11



GNB3-825T allele and latitude in Han Chinese population. Although we were not able to
identify the problems in the study design and SNP genotyping methods, the rather low
frequency of GNB3-825T allele in the Chonggqing is attributable to the sample selection
bias or lack of quality control for the genotyping analysis. More studies from South of
China are needed to re-estimate the frequency.

The negative result in the Chinese Han population might be caused by interethnic
differences. Siffert et al. (51) analyzed the distribution frequencies of GNB3-C825T from a
German cohort, Chinese and African populations, and founded that T allele frequencies
differed significantly between different ethnic groups and were the lowest in Germans
(31.9%), intermediate in Chinese (47.7%) and the highest in Africans (81.4 to 84.1%). In
our study, the average frequency of T allele, similar to their reports, was 47.7% in Han
Chinese population. In addition, two studies in Japanese populations reported the
frequencies of GNB3-825T allele 49.2% and 50.1%, respectively, and the study did not
observe any significant associations between GNB3-C825T polymorphism and EH either
(45, 52). The different genotypic frequencies of GNB3-825T allele might influence the
phenotypes related to hypertension, such as salt sensitivity, in different ethnic population
(53), which may contribute to different correlations between Chinese Han and other
populations. Therefore, the genetic background and heterogeneity of the study populations
might influence the results of association studies between genetic polymorphisms and EH.

Several potential limitations in this study are worth noting. Firstly, although the
Egger’s test is not significant, an asymmetric funnel plot suggests the existence of bias.
Except for publication bias, possible reasons for asymmetry in funnel plots in this
meta-analysis may be genotype testing, poor study design, heterogeneity and chance

findings (54). Secondly, the number of investigations is not large enough to confirm or

12



reject a genetic association reliably, especially given there are only three eligible studies
with the Southern populations. Therefore, the effect of possible false-negative findings of
the individual studies due to low statistical power could affect the overall results of this
meta-analysis. Thirdly, as a research method, meta-analysis has some limitations, e.g.
meta-analysis cannot neither eliminate the between-study heterogeneity nor improve the
quality of original studies. Therefore, well-designed large-scale studies are needed for
providing sufficient statistical power to detect the associations. Based on the current
meta-analysis, some limitations of the eligibility of the studies should also be considered.
These limitations are common in genetic epidemiology studies and are propagated in a
meta-analysis. Among the 12 eligible studies, only eight studies’ controls were matched for
age and gender to the cases. The selection bias of controls from inpatient, outpatient or
random samples was another potential source of variation in different studies. Furthermore,
there were not enough information on the various potential confounders in the some of

these original publications, such as age, gender, BMI, SBP and DBP.

Conclusions

Our results of the meta-analysis suggested that GNB3-825T allele is not associated
with the increased risk of EH in Chinese Han population. Larger and well-designed studies
including different regional Han Chinese populations should be considered in future

studies.

13



Acknowledgements
This study was financially supported by the grants from Natural Science Foundation
of China (30800949), Beijing Municipal Commission of Education, 2011 Beijing
Municipal Commission of Education for Overseas Students (2011-No165), Novel
Star of Science Program, Beijing, China (2009A47), Funding Project for Academic
Human Resources Development in Institutions of Higher Learning Under the
Jurisdiction of Beijing Municipality, PHR (IHLB) (PXM2011 014226 07_000028),
National Science & the National Twelfth Five-Year Plan for Science and Technology
Support (2012BAI37B03), the Major State Basic Research Program-973 of China
(2005CB522801; 2011CB503806), and the National High Technology Research and
DevelopmentProgram-863 of China (2006AA02Z434).

Declaration of interest: The authors report no conflicts of interest. The authors alone are

responsible for the content and writing of the paper.

14



References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

He J, Whelton PK. Epidemiology and prevention of hypertension. Med Clin
North Am 1997,81 (5):1077-97.

Whelton PK. Epidemiology of hypertension. Lancet 1994,344 (8915):101-6.
Gu D, Reynolds K, Wu X, Chen J, Duan X, Muntner P, Huang G, Reynolds
RF, Su S, Whelton PK, He J. Prevalence, awareness, treatment, and control
of hypertension in china. Hypertension 2002,40 (6):920-7.

Carretero OA, Oparil S. Essential hypertension. Part I: definition and
etiology. Circulation 2000,101 (3):329-35.

Wang W, Lee ET, Fabsitz RR, Devereux R, Best L, Welty TK, Howard BV.
A longitudinal study of hypertension risk factors and their relation to
cardiovascular disease: the Strong Heart Study. Hypertension 2006,47
(3):403-9.

Stamler R, Stamler J, Riedlinger WF, Algera G, Roberts RH. Family
(parental) history and prevalence of hypertension. Results of a nationwide
screening program. JAMA 1979,241 (1):43-6.

Puddu P, Puddu GM, Cravero E, Ferrari E, Muscari A. The genetic basis of
essential hypertension. Acta Cardiol 2007,62 (3):281-93.

Downes GB, Gautam N. The G protein subunit gene families. Genomics
1999,62 (3):544-52.

Siffert W, Rosskopf D, Moritz A, Wieland T, Kaldenberg-Stasch S, Kettler
N, Hartung K, Beckmann S, Jakobs KH. Enhanced G protein activation in

immortalized lymphoblasts from patients with essential hypertension. J Clin

15



[10]

[11]

[12]

[13]

[14]

[15]

[16]

Invest 1995,96 (2):759-66.

Siffert W, Rosskopf D, Siffert G, Busch S, Moritz A, Erbel R, Sharma AM,
Ritz E, Wichmann HE, Jakobs KH, Horsthemke B. Association of a human
G-protein beta3 subunit variant with hypertension. Nat Genet 1998,18
(1):45-8.

Rosskopf D, Dusing R, Siffert W. Membrane sodium-proton exchange and
primary hypertension. Hypertension 1993,21 (5):607-17.

Dai SP, Shi JP, Ding Q, Wang HL, Dong LY, Sun D, Fang K, Zhao YY.
Polymorphism Analysis of 825C/T of the G-protein 3 Subunit in High Risk
Population of Hypertension in the Northeast China. ACTA GENETICA
SINICA 2002,29 (4):294-8.

Hu RL, Zhao SG, Niu GM, Hu RL, Zhang CY, Wang ZG, Jiang MF. The
association research between C825T polymorphism of G proteinums 33
subunit gene and Mongolian patients with essential hypertension. CHINESE
JOURNAL OF BIRTH HEALTH & HEREDITY 2006,14 (12):15-7.
Bagos PG, Elefsinioti AL, Nikolopoulos GK, Hamodrakas SJ. The GNB3
C825T polymorphism and essential hypertension: a meta-analysis of 34
studies including 14,094 cases and 17,760 controls. J Hypertens 2007,25
(3):487-500.

Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency
in meta-analyses. BMJ 2003,327 (7414):557-60.

Dou GW, Qi Y, W ZH. Relationship between GNB3 ( G-protein 3 subunit)
gene C825T polymorphisms and essential hypertension. JOURNAL OF

BIOLOGY 2009,26 (2):18-26.

16



[17]

[18]

[19]

[20]

[21]

[22]

[23]

Huang XM, Jiang XL, Duan YF, Zhang S, Yao LP, Li XY. Polymorphism
analysis of 825C/ T of the G-protein 3 subunit gene in high risk population
of hypertension of Dong nationality group in Huaihua district of Hunan.
CHINESE JOURNAL OF BIRTH HEALTH & HEREDITY 2005,13
(5):21-2.

Chen YY, Li GW, Li CM, Huang XH, Ju ZY, Sun SX, Cai H, Hui RT.
Association between G-protein 3 subunit ( GNB3 ) gene C825T
polymorphism,hypertension,insulin resistance and obesity. NATIONAL
MEDICAL JOURNAL OF CHINA 2003,83 (14):1229-32.

Liu LF. Hypertension and artery stifflless in relation to four candidate genes
in the Han nationality population. In: PEKING UNION MEDICAL
COLLEGE; 2003. pp. 109.

Tan JC, Zhu ZM, Zhu SJ, Yu CQ, Wang L, Liu XL, Wang HY. The GNB3
and eNOS gene polymorphisms in patients with essential hypertension.
CHINESE JOURNAL OF CARDIOLOGY 2003,31 (3):173-6.

Huang WT, Yu HJ, Lu XF, Zhao WY, Wang YL, Gu DF, Chen RS.
Combined Action of ACE Gene I/D and GNB3 Gene C825T Polymorphisms
on Essential Hypertension in Northern Han Chinese. PROGRESS IN
BIOCHEMISTRY AND BIOPHYSICS 2007,34 (5):471-8.

Mu YS. Study progression of GNB3 gene polymorphisms and cardiovascular
disease. XINJIANG MEDICAL JOURNAL 2008,38 100-6.

Zhang WD, Yan W. The relatioinship of G-protein 33 subunit gene
polymorphisms and hypertension and obesity. JOURNAL OF LANZHOU

UNIVERSITY (MEDICAL SCIENCES) 2003,29 (3).

17



[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Huang HY, Zhou HH. GNB3 C825T and essential hypertension.
CHINESEJOURNAL OF CLINICAL PHARMACOLOGY AND
THERAPEUTICS 2008,13 (3):355-60.

Li QX, Li FY, Du RY, Zhang YQ, Yan HB, Wu HY, Liu GZ. C825T
Polymorphism of the G-protein B3 Subunit Gene and Essential Hypertension
in Changchun Region in China. JOURNAL OF CNINESE
MICROCIRCULATION 2006,10 (3):205-7.

Chen JQ, Wang DW, Wu JB, Xiong SD, Wang CX. The relationship
between G protein beta3 subunit C825T variant and essential hypertension.
JOURNAL OF CLINICAL INTERNAL MEDICINE 2007,24 (5):333-4.
Zhang MH, Liu GS, Shi Y, Shi J, Chen Y, Liu WL, Luo LM, Wang L, Yi J.
G-Protein 33 Subunit Gene Polymorphism and Essential Hypertension.
CHINESE JOURNAL OF HYPERTENSION 2001,9 (4):288-91.

Li QX, Ci WP, Zhang YQ, Guo LF, Zhu XL, Liu GZ. Relationship between
essential hypertension and two related gene polymorphism. CHINESE
JOURNAL OF PUBLIC HEALTH 2006,22 1334-5.

Tan JC, Zhu ZM, Zhu SJ, Yu CQ, Wang L, Liu XL, Wang HY. The
relationship between G2protein 3 subunit gene C825T polymorphism and
the pathogenesis of essential hypertension. ACTA  ACADEMIAE
MEDICINAE  MILITARIS TERTIAE 2003,25 (15):1381-4.

Zhang J, Li L, Zhang ZX, Cui TX. Association of G protein 33 Subunit
dimorphism with essential hypertension in Chinese. MEDICAL
INFORMATION 2005,18 (4):358-60.

Dong HY, Li QR, Wang Q, Luo ZG. Association analysis between genetic

18



polymorphism of ADD1 gene and GNB3 gene and essential hyper tension.
SOUTH CHINA JOURNAL OF CARDIOVASCULAR DISEASES 2006,12
(4):258-61.

[32] Zhao HY, Cao J, Zhou L, Wang B, Qiu CC. Genetic analysis of
a-ADDUCIN and GNB3 in essential hypertension patient. BASIC &
CLINICAL MEDICINE 2009,29 (4):394-6.

[33] LiDB, Hua Q, Pi L. Synergistic Effects between eNOS Gene G894T and
GNB3 Gene C825T Polymorphisms in Essential Hypertension. JOURNAL
OF CAPITAL MEDICAL UNIVERSITY 2006,27 (4):480-4.

[34] Zhang LH. Correlation of 825C/T polymorphism of G-protein beta3 subunit
with essential hypertension and concentration of serum VWF. In: SHANXI
MEDICAL UNICERSITY; 2006. pp. 38.

[35] LiB, GeDL,Wang YL, Zhao WY, Zhou XY, Gu DF, Chen RS. G Protein
B3 Subunit Gene Variants and Essential Hypertension in the Northern
Chinese Han Population. Annals of Human Genetics 2005,69 468-73.

[36] Huang XH, Ju ZY, Song Y, Zhang HY, Sun K, Lu HY, Yang ZW, Jose PA,
Zhou G, Wang M, Wang WF, Feng SX, Hui RT. Lack of association
between the G protein 3 subunit gene and essential hypertension in Chinese:
a case-control and a family-based study. J Mol Med 2003,81 729-35.

[37] Wang HY, Sun NL, Gao Y, Gou SQ. G protein 3 subunit C825T
polymorphism and essential hypertension in Chinese. JOURNAL OF
PEKING UNIVERSITY (HEALTH SCIENCES) 2003,35 (4):423-5.

[38] You T, Huang JQ, Lv JY. Associatoin study of G protein $3 Subunit (GNB3)

variants with essential hypertension(in Chinese). MEDICAL JOURNAL OF

19



[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

LIAONING 2000,14 (4):178-80.

Gai XQ, Shi JP, Zhao YY, Dai SP, Fu LY, Li H, Zhao F, Wang WL.
Multivariate analysis on the relationship between G protein B3 subunit gene
825C/T polymorphism and essential hypertension. CHINESE JOURNAL OF
EPIDEMIOLOGY 2007,28 413-4.

Sun A, Ge J, Siffert W, Frey UH. Quantification of allele-specific G-protein
beta3 subunit MRNA transcripts in different human cells and tissues by
Pyrosequencing. Eur J Hum Genet 2005,13 (3):361-9.

Siffert W. G protein polymorphisms in hypertension, atherosclerosis, and
diabetes. Annu Rev Med 2005,56 17-28.

Martin DN, Andreu EP, Ramirez Lorca R, Garcia-Junco PS, Vallejo Maroto
I, Santos RA, Miranda Guisado ML, Grijalvo OM, Ortiz JV, Carneado de la
Fuente J. G-protein beta-3 subunit gene C825 T polymorphism: influence on
plasma sodium and potassium concentrations in essential hypertensive
patients. Life Sci 2005,77 (23):2879-86.

Danoviz ME, Pereira AC, Mill JG, Krieger JE. Hypertension, obesity and
GNB 3 gene variants. Clin Exp Pharmacol Physiol 2006,33 (3):248-52.
Tozawa Y. G protein beta3 subunit variant: tendency of increasing
susceptibility to hypertension in Japanese. Blood Press 2001,10 (3):131-4.
Kato N, Sugiyama T, Morita H, Kurihara H, Yamori Y, Yazaki Y. G protein
beta3 subunit variant and essential hypertension in Japanese. Hypertension
1998,32 (5):935-8.

Hayakawa T, Takamura T, Abe T, Kaneko S. Association of the C825T

polymorphism of the G-protein beta3 subunit gene with hypertension,

20



[47]

[48]

[49]

[50]

[51]

[52]

obesity, hyperlipidemia, insulin resistance, diabetes, diabetic complications,
and diabetic therapies among Japanese. Metabolism 2007,56 (1):44-8.
Siffert W. G protein beta 3 subunit 825T allele, hypertension, obesity, and
diabetic nephropathy. Nephrol Dial Transplant 2000,15 (9):1298-306.
Katsuya T, Ishikawa K, Sugimoto K, Rakugi H, Ogihara T. Salt sensitivity
of Japanese from the viewpoint of gene polymorphism. Hypertens Res
2003,26 (7):521-5.

Thompson EE, Kuttab-Boulos H, Witonsky D, Yang L, Roe BA, Di Rienzo
A. CYP3A variation and the evolution of salt-sensitivity variants. Am J Hum
Genet 2004,75 (6):1059-69.

Young JH, Chang YP, Kim JD, Chretien JP, Klag MJ, Levine MA, Ruff CB,
Wang NY, Chakravarti A. Differential susceptibility to hypertension is due
to selection during the out-of-Africa expansion. PLoS Genet 2005,1 (6):e82.
Siffert W, Forster P, Jockel KH, Mvere DA, Brinkmann B, Naber C,
Crookes R, Du PHA, Epplen JT, Fridey J, Freedman BI, Muller N, Stolke D,
Sharma AM, Al Moutaery K, Grosse-Wilde H, Buerbaum B, Ehrlich T,
Ahmad HR, Horsthemke B, Du Toit ED, Tiilikainen A, Ge J, Wang Y,
Rosskopf D, et al. Worldwide ethnic distribution of the G protein beta3
subunit 825T allele and its association with obesity in Caucasian, Chinese,
and Black African individuals. J Am Soc Nephrol 1999,10 (9):1921-30.
Shioji K, Kokubo Y, Mannami T, Inamoto N, Morisaki H, Mino Y, Tagoi N,
Yasui N, Iwaii N. Association between hypertension and the alpha-adducin,
betal-adrenoreceptor, and G-protein beta3 subunit genes in the Japanese

population; the Suita study. Hypertens Res 2004,27 (1):31-7.

21



[53]

[54]

Franco V, Oparil S. Salt sensitivity, a determinant of blood pressure,
cardiovascular disease and survival. J Am Coll Nutr 2006,25 (3
Suppl):247S-55S.

Egger M, Smith GD. Bias in location and selection of studies. BMJ 1998,316

(7124):61-6.

22



	Association between the G-protein β3 subunit C825T polymorphism with essential hypertension: a meta-analysis in Han Chinese population
	Title Page

