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Abstract: Background: The risk of bradykinin B2 receptor (BDKRB2) -58T/C gene polymorphism on hypertension re-
mains controversial. Materials and methods: The Cochrane Library, Chinese Biomedical Database, EBSCO, Embase, 
ISI, MEDLINE, and PubMed were retrieved, and relevant articles were selected. Results: The significant associa-
tion between BDKRB2-58T/C gene polymorphism and risk of hypertension were found under C-allele comparison 
[odds ratio (OR): 1.22, 95% confidential intervals (CI): 1.05-1.42, recessive model (OR: 1.32, 95% CI: 1.07-1.64), 
dominant model (OR: 0.74, 95% CI: 0.58-0.94), homozygote model (OR: 1.66, 95% CI: 1.11-2.47) and heterozygote 
model (OR: 1.23, 95% CI: 1.06-1.43). The magnitude of the association between the BDKRB2-58T/C gene poly-
morphism and risk of hypertension was substantiated in Asians under C-allele comparison (OR: 1.24, 95% CI: 1.04-
1.49), recessive model (OR: 1.39, 95% CI: 1.04-1.86), dominant model (OR: 0.72, 95% CI: 0.56-0.93), homozygote 
model (OR: 1.78, 95% CI: 1.09-2.90) and heterozygote model (OR: 1.26, 95% CI: 1.07-1.49). No publication bias 
was found in the meta-analysis. Conclusions: The meta-analysis suggested -58C allele and -58CC genotype increase 
the risk of hypertension. Inversely, -58TT genotype decreases the risk of hypertension.
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Introduction

Earlier studies suggested that hypertension is 
a complex multifactorial disorder with genetic 
heritability averaging approximately 30% [1]. 
The kallikrein-kinin system (KKS) plays critical 
roles in the cardiovascular system, affecting 
blood pressure regulation [2]. KKS is implicat-
ed in hypertension regulation via the potent 
vasoactive peptide bradykinin. Bradykinin is 
released from the kininogens via the proteolyt-
ic activity of kallikreins and acts on two bradyki-
nin receptors known as bradykinin B1 receptor 
(BDKRB1) and bradykinin B2 receptor 
(BDKRB2) [3-5]. Bradykinin induces vasodila-
tion, releases of nitric oxide and promotes 
water and sodium excretion [5]. Two bradykinin 
receptors (BDKRB1 and BDKRB2), predomi-
nantly the BDKRB2, mediate the main physio-
logical activities and cardiovascular actions [3, 
6]. The human BDKRB2 is implicated as a can-
didate in the complex genetic underpinning of 
hypertension [7].

The risk of BDKRB2-58T/C gene polymorphism 
on hypertension remains controversial. Two 
published meta-analyses reported the associa-
tion between BDKRB-58T/C gene polymor-
phism and hypertension [8, 9]. Niu et al. [8] 
included only four studies with 823 hyperten-
sive subjects and 916 healthy volunteers. In 
contrast to Li et al. [9], we included two more 
new large-sample case-control studies, thus we 
enrolled 13 studies with 2369 hypertensive 
subjects and 2294 healthy volunteers. 
Additionally, sensitivity analyses and publica-
tion bias had not been performed in these two 
articles.

The purpose of present meta-analysis is to pro-
vide an updated quantitative assessment of 
the association between BDKRB2-58T/C gene 
polymorphism and risk of hypertension. In this 
study, we followed the inclusion and firstly the 
exclusion criteria to reduce the possible selec-
tion bias. Secondly, the included studies in the 
present article were conducted around the 
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world (China, Japan, India, United States, 
Canada, and Italy), which are certainly repre-
sentatives of ethnicities.

Methods

Searching strategies

The Cochrane Library, Chinese Biomedical 
Database, EBSCO, Embase, ISI, MEDLINE, and 
PubMed were retrieved, and relevant articles 
were selected from the building of the data-
base to 31st, January 2015. The keywords 
include (“bradykinin B2 receptor” OR “BDK- 
RB2”) AND “polymorphism” AND (“hyperten-
sion” OR “blood pressure”). There were no lan-
guage restrictions. Related research referenc-
es were reviewed at the same time. 

Study selection 

Inclusion criteria of studies: In the present 
meta-analysis, the studies were included under 
the following inclusion criteria: (a) case-control 
studies described the association between 

morphism, and (d) data or articles published 
repeatedly.

Data extraction and quality

Two researchers (Kaiping Luo & Wenling Kang) 
independently searched the electronic data-
bases listed above. The title, abstract and full-
text of all potentially relevant literatures were 
screened to evaluate their relevance. Dis- 
agreements were resolved by discussion. The 
following information was extracted from the 
included articles: first author, year of publica-
tion, ethnicity, country, study design, numbers 
of cases and controls, sample source, diagnos-
tic criteria, gender, the genotype and allele 
counts of BDKRB2-58T/C gene polymorphism. 
The Newcastle-Ottawa Scale (NOS) was used 
to evaluate the study quality [10]. For case-con-
trol studies, the star evaluates three broad per-
spectives: selection, comparability, and expo-
sure. The study can be allotted a maximum of 
one star for each numbered item within the 
selection and exposure categories. A maximum 

Figure 1. Flow diagram of the selection of studies for inclusion in the meta-
analysis.

BDKRB2-58T/C gene poly-
morphism and risk of 
hypertension, (b) studies 
defined diagnostic criteria 
for hypertension: systolic 
pressure ≥ 140 mmHg 
and/or diastolic pressure ≥ 
90 mmHg, (c) studies 
reported the genotype fre-
quency of BDKRB2-58T/C 
gene polymorphism, and 
(d) studies provided infor-
mation about odds ratio 
(OR) and 95% confidence 
intervals (CI) of the associa-
tion between BDKRB2-
58T/C gene polymorphism 
and risk of hypertension.

Exclusion criteria of stud-
ies: Studies were excluded 
under the following criteria: 
(a) no case-control studies, 
(b) patients with secondary 
hypertension, coronary he- 
art disease, renal failure or 
diabetes mellitus, (c) stud-
ies did not provide avail-
able genotype data for 
BDKRB2-58T/C gene poly-
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of two stars can be allotted for comparability. 
Newcastle-Ottawa quality assessment scale 
ranges from 0 to 9 stars. A total score of five or 
more stars was indicated a high-quality study.

Statistical analysis

Odds ratio (OR), with 95% confidential intervals 
(CI) was calculated by Cochrane RevMan soft-
ware version 5.2 (Cochrane Library, UK). OR 
was calculated to examine the contrast of 
C-allele comparison (C vs T), dominant model 
(TT vs CT + CC), recessive model (CC vs CT + 
TT), homozygote model (CC vs TT) and hetero-
zygote model (CT vs TT), respectively. A chi-
square test was used to estimate whether or 
not the observed frequencies of genotypes in 
the controls conformed to Hardy-Weinberg 
expectations (HWE). P-value < 0.05 was con-
sidered statistically significant. 

Heterogeneity among studies was evaluated by 
the Cochrane’s Q statistic and I² statistic, 
P-value < 0.10 or I² score > 50% was consid-
ered statistically significant [11]. When no het-
erogeneity was detected among studies, the 
fixed effects model (Mantel-Haenszel method) 

was applied; otherwise, the random effects 
model (Dersimonian-Laird method) was used 
[12]. The subgroup analysis was conducted to 
deal with heterogeneity. Subgroups were 
defined by continents and races. 

Sensitivity analysis was conducted to evaluate 
the stability of the main meta-analysis results. 
Publication bias was evaluated by constructing 
a funnel plot and using Egger’s linear regres-
sion tests (Egger’s tests) and Begg’s rank cor-
relation tests (Begg’s tests) [13]. 

Results

Characteristics of included studies

Of 194 articles identified in the initial search, 
132 were retrieved for more detailed evalua-
tion, 120 studies were excluded (trials only 
reported BDKRB2-58T/C gene but not including 
hypertension, not relevant to BDKRB2-58T/C 
gene polymorphism, duplicated articles, no 
explicit data, off topic, etc.), then 13 trials [14-
26] were finally included in the analyses, enroll-
ing with 4663 subjects (Figure 1). According to 
NOS, all articles were of high quality. Except 

Table 1. The different genotype distribution of BDKRB-58T/C gene polymorphism for cases and controls
Cases Controls

Study Year Country Distribution of  
genotype

Allele  
frequency 

HWE Distribution of  
genotype

Allele 
frequency

HWE NOS 
scoreP-value P-value

TT CT CC T C     TT CT CC T C
Mukae S 1999 Japan 13 59 28  85 115  0.04 25 57 18 107 93 0.15 5

Gainer JV 2000 American 2 34 41 83 116   0.10 17 58 45  92 148 0.81 6
Aoki S 2001 Japan 19 88    43 126 174 0.01 38 84 28 160 140 0.13 5
Wang B 2001 China 15 74 31 104 136 0.01 24 57 17 105 91 0.09 5
Fu Y 2004 Japan 70 139 66 279 271 0.85 116 227 98 459 423 0.51 5
Cui J-1 2005 A-C 27 55 37 109 129 0.45 16 47 27 79 101 0.56 5
Cui J-2 2005 G-C 25 46 25 96 96 0.68 17 43 32 77 107 0.70 5
Cui J-3 2005 A-A 10 44 59 64 162 0.66 20 32 43 72 118 0.01 5
Cui J 2005 American 62 145 121 269 387 0.12 53 122 102 228 326 0.13 5
Milan A 2005 Italy 21 59 49 101 157 0.65 15 52 28 82 108 0.26 6
Dong HY 2006 China 15 47 35 78 116 0.91 24 51 11 98 74 0.05 6
Li NF 2008 China 102 199 53 403 305 0.06 62 106 48 230 202 0.83 6
Hang LW 2009 China 10 50 35 70 120 0.20 36 85 36 157 157 0.30 5
Bhupatiraju C 2011 India 39 101 74 179 249 0.66 53 122 74 228 270 0.84 5
Zou L 2011 China 30 49 24 109 97 0.65 25 48 30 98 108 0.50 5
Song J 2012 China 96 157 74 349 305 0.52 60 88 54 216 188 0.07 5
HWE: Hardy-Weinberg expectations, NOS: Newcastle-Ottawa Scale, A-C: American Caucasian, G-C: Greek Caucasian, A-A: African 
American.
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one study (Dong et al.), the frequencies of geno-
types in the controls of the rest of the included 
studies were conformed to HWE. Deviation 
from HWE in the controls can be attributed to 
the limited sample sizes of the studies, but can 
also reflect an effect of the genetic polymor-
phism on hypertension. The characteristics of 
the articles were summarized in Table 1.

Meta-analysis results 

The meta-analysis of overall studies: OR with 
95% CI were used to assess the association 
between BDKRB2-58T/C gene polymorphism 
and risk of hypertension. Significant heteroge-
neities were observed across the studies for 
C-allele comparison (P < 0.01 and I2 = 68%), 
recessive model (P < 0.01 and I2 = 55%), domi-
nant model (P < 0.01 and I2 = 60%), homozy-

gote model (P < 0.01 and I² = 79%), except het-
erozygote model (P = 0.06 and I² = 39%), as 
described in Figures 2-6. Therefore, the ran-
dom effects model or the fixed effects model 
was used to assess the overall OR. The signifi-
cant association between BDKRB2-58T/C gene 
polymorphism and risk of hypertension was 
found under C-allele comparison (OR = 1.22; 
95% CI = 1.05-1.42; P = 0.01), recessive model 
(OR = 1.32; 95% CI = 1.07-1.64; P = 0.01), dom-
inant model (OR = 0.74; 95% CI = 0.58-0.94; P 
= 0.02), homozygote model (OR = 1.66; 95% CI 
= 1.11-2.47; P = 0.01) and heterozygote model 
(OR = 1.23; 95% CI = 1.06-1.43; P = 0.007), 
respectively. 

The meta-analysis of subgroups: In order to 
evaluate the impact of ethnicity differences on 
the association between BDKRB2-58T/C gene 

Figure 2. Overall effect estimates of the BDKRB2-58T/C gene polymorphism for hypertension risk under C-allele 
comparison.
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polymorphism and risk of hypertension, we per-
formed a subgroup analysis stratified by conti-
nents. The magnitude of the association 
between BDKRB2-58T/C gene polymorphism 
and hypertension was substantiated in Asian 
under C-allele comparison (OR = 1.24; 95% CI = 
1.04-1.49; P = 0.02), recessive model (OR = 
1.39; 95% CI = 1.04-1.86; P = 0.02), dominant 
model (OR = 0.72; 95% CI = 0.56-0.93; P = 
0.01), homozygote model (OR = 1.78; 95% CI = 
1.09-2.90; P = 0.02) and heterozygote model 
(OR = 1.26; 95% CI = 1.07-1.49; P = 0.007) with 
heterogeneity (I2 = 70%, 63%, 56%, 83% and 
19%, respectively). The magnitude of this asso-
ciation in American and European were weak-
ened to nonsignificance.

We also performed a subgroup analysis strati-
fied by races. The study was separated into five 
subgroups by races (Chinese, Japanese, Indian, 

Caucasian, and African-American). A significant 
correlation between BDKRB2-58T/C gene poly-
morphism and risk of hypertension was found 
in African-American under C-allele comparison 
(OR; 95% CI: 1.70; 1.25-2.30), recessive model 
(OR; 95% CI: 1.57; 1.05-2.33), dominant model 
(OR; 95% CI: 0.30; 0.15-0.62), homozygote 
model (OR; 95% CI: 3.79; 1.82-7.85) and het-
erozygote model (OR; 95% CI: 3.32; 1.56-7.10), 
but no correlation was found between BDKRB2-
58T/C gene polymorphism and risk of hyper-
tension in other races, as shown in Figure 7. 

Sensitivity analyses and publication bias

To estimate the stability of the results in the 
meta-analysis, sensitivity analysis was per-
formed through sequentially omitting each 
study. Apart from recessive model, none of the 
results were materially changed, which indicat-

Figure 3. Overall effect estimates of the BDKRB2-58T/C gene polymorphism for hypertension risk under recessive 
model.
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ed the stability of the findings. Sensitivity  
analyses indicated that Li et al. [22] was the 
main source of heterogeneity under recessive 
model, then the heterogeneity was significantly 
decreased by omitting the study. The corre-
sponding OR was conspicuously altered with Li 
et al. [22] (recessive model: OR = 1.25; 95% CI 
= 1.00-1.57) or without the study (recessive 
model: OR = 1.32; 95% CI = 1.07-1.64). Thus, in 
the present meta-analyses, Li et al. [22] was 
excluded under recessive model. It showed 
that the present meta-analyses had high sensi-
tivity and poor stability. The Egger’s test was 
performed to assess the publication bias of the 
included studies (Figure 8). No publication bias 
was found in the present meta-analysis 
(Egger’s: t = 1.93; P = 0.076, Begg’s: z = 1.58; 
P = 0.113). 

Discussion

The kallikrein-kinin system (KKS) is involved in 
the development of human hypertension, and 
the BDKRB2 mediates the majority of bradyki-
nin effects. The BDKRB2 gene is known to be 
highly polymorphic and has been proposed as 
one of the candidate genes in hypertension. A 
study of its genomic structure has reported 
that BDKRB2 gene is characterized by three 
well-defined polymorphisms located in each of 
the three exons and one polymorphism located 
in the promoter region [27]. Braun et al. report-
ed that the polymorphism of BDKRB2 may influ-
ence the transcription rate of the gene. They 
found that the luciferase promoter assay of 
-58T was higher than that of -58C in a healthy 
German population. Mukae et al. [14] reported 

Figure 4. Overall effect estimates of the BDKRB2-58T/C gene polymorphism for hypertension risk under dominant 
model.
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Figure 5. Overall effect estimates of the BDKRB2-58T/C gene polymorphism for hypertension risk under homozy-
gote model.
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an increased frequency of the -58C allele in 
hypertensive Japanese subjects compared 
with normotensives. Wang B et al. [17] reported 
-58CC genotype distribution and -58C allele 
frequency were higher in hypertensive Chinese 
subjects than normotensives. Aoki et al. [16] 

found significant differences of -58CC geno-
type and -58C allele frequencies in BDKRB2 
gene polymorphism between subjects with 
essential hypertension (EH) and controls in 
Japanese. The low transcriptional activity of 
BDKRB2 promoter polymorphism might be 

Figure 6. Overall effect estimates of the BDKRB2-58T/C gene polymorphism for hypertension risk under heterozy-
gote model.

Figure 7. Overall effect estimates of the BDKRB2-58T/C gene polymorphism for hypertension risk under C-allele 
comparison stratified by races.
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involved in the development of hypertension 
[14]. 

Although many articles have analyzed the 
research results about the BDKRB2-58T/C 
gene polymorphism and risk of hypertension, 
definite conclusions cannot be drawn. 
Therefore, we performed a meta-analysis of 
published studies to estimate relationships 
between BDKRB2-58T/C gene polymorphism 
and risk of hypertension, attempted to estab-
lish a comprehensive picture of this gene-dis-
ease association. Interestingly, the BDKRB2-
58T/C gene polymorphism is significantly asso-
ciated with the risk of hypertension. The -58C 
allele (OR: 1.22, 95% CI: 1.05-1.42) and -58CC 
genotype (OR: 1.32, 95% CI: 1.07-1.64) 
increased the risk of hypertension. On the con-
trary, -58TT genotype (OR: 0.74, 95% CI: 0.58-
0.94) decreased the risk of hypertension.

To our knowledge, there are two published 
meta-analyses regarding BDKRB2-58T/C gene 
polymorphism and hypertension [8, 9]. Niu et 
al. [8] included only four studies with 823 
hypertensive subjects and 916 healthy volun-
teers. In contrast to Li et al. [9], we included two 
more new large-sample case-control studies, 
thus we enrolled 13 studies with 2369 hyper-
tensive subjects and 2294 healthy volunteers. 
The key findings of the present meta-analysis 
for the first time demonstrated that -58CC gen-
otype increased the risk of hypertension, and 
inversely -58TT genotype decreased the risk of 
hypertension. Additionally, sensitivity analyses 
and publication bias had not been performed in 
these two articles. In the present study, we fol-
lowed the inclusion and firstly the exclusion cri-
teria to decline the possible selection bias. 
Furthermore, the included studies in the pres-
ent article were conducted around the world 

Figure 8. Risk of bias graph (A) and risk of bias summary (B).
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(China, Japan, India, United States, Canada, 
and Italy), which are certainly representatives 
of ethnicities. And thirdly, sensitivity analyses 
and publication bias were performed. Therefore, 
the results in the present meta-analysis are 
more convincing.

The subgroup analysis was conducted to 
explore the source of heterogeneity. One pos-
sibility might be the issue of genetic heteroge-
neity across different continents groups. There 
are significant ethnic differences between 
BDKRB2-58T/C gene polymorphism and risk of 
hypertension. In the subgroup analysis strati-
fied by continents, the -58C allele and firstly, 
the -58CC genotype of the BDKRB2 gene were 
observed to confer an increased risk of hyper-
tension in Asian, but not in American and 
European. For the first time, the -58TT geno-
type of the BDKRB2 gene decreased the risk of 
hypertension in Asian, but not in American and 
European. In the subgroup analysis stratified by 
races, the -58C allele and firstly, -58CC geno-
type were observed to confer an increased risk 
of hypertension in African-American. Inversely, 
-58TT genotype decreased the risk of hyperten-
sion in African American, but not in other races. 

Sensitivity analyses showed that Li et al. [22] 
was the main source of heterogeneity. Thus, 
the study was excluded under recessive model, 
considering of the limitation of evidence, we 
could not further explore the origin of heteroge-
neity. More case-control studies are required to 
provide a more representative statistical 
analysis. 

Potential limitations of the present meta-analy-
sis should be acknowledged. Firstly, thirteen 
studies included in our meta-analysis were lim-
ited to improve the accuracy of the results, 
especially in the subgroup analysis. Therefore, 
high-quality case-control studies performed in 
various ethnic groups are required to provide a 
more robust analysis. Secondly, there was sig-
nificant heterogeneity in the present study. 
Much of this is likely due to the differences in 
ethnicity, study design, study population, and 
sample source. Thirdly, as with all meta-analy-
ses, we can’t exclude the possibility of publica-
tion bias, because studies without statistically 
significant results would not be published.

Conclusion

The meta-analysis provides the evidence that 
BDKRB2-58T/C gene polymorphism is signifi-

cantly associated with the risk of hypertension. 
The -58C allele and -58CC genotype increase 
the risk of hypertension. Inversely, -58TT geno-
type decreases the risk of hypertension. 
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