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Abstract: Objective: To investigate the association between polymorphism of Klotho G-395A and susceptibility of 
coronary artery disease (CAD) in East-Asia population. Methods: A total of 6 case-control studies involving 1560 
patients and 1459 controls were analyzed in the study. PubMed, Embase, CBM disc, Wanfang database were 
searched for published case-control studies investigating the association between Klotho G-395A and CAD that 
were available before Dec. 2013. Fixed or random effect models were selected for odds ratio (OR) calculation. A 
Meta-analysis was performed to estimate heterogeneity and the pooled odds ratio (OR) to evaluate the relationship 
between Klotho G-395A polymorphism and CAD. The sensitivity analysis was also assessed. Results: There was no 
significant heterogeneity found (dominant genetic model: P = 0.2, I2 = 30.8%). The pooled OR (95% CI) value of the 
frequencies of the Klotho G-395A genotype (GA + AA)/GG calculated by fixed effects mode was 1.24 (95% CI:1.06-
1.45), P = 0.009. There was no significant heterogeneity among the remaining articles after using random effect 
model or excluding the article with the largest weight or the article with larger frequencies of the allele A, respec-
tively. And the pooled OR (95% CI) value of the frequencies of the genotype (GA + AA)/GG were similar. Publication 
bias was not found by Begg’s test. Conclusion: Klotho G-395A polymorphism may be a susceptible factor of CAD in 
East-Asia population.
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Introduction

Coronary artery disease (CAD) is a common dis-
ease with a high incidence and mortality rate, 
which has serious effects on the health of 
human beings and brings heavy economic bur-
den to our society. The pathogenesis of CAD is 
a little complicated including environmental, 
genetic and other kind of factors. Recently, 
some candidate genes had been identified that 
they might increase the susceptibility of CAD. 
Kuro-o et al. found a new gene firstly, in 1977, 
which was called Klotho gene and was consid-
ered associated with senescence [1]. In mouse 
experiments, when this gene was knocked out, 
senescence would be accelerated. On the con-
trary, once this gene expressed excessively, 
aging could be delayed. Therefore, this gene 

was also called “anti-aginglin”. Klotho gene 
mainly encodes membrane and secreted pro-
teins [2]. Some previous studies showed that 
the changes of its gene polymorphism and 
expression products might be related with the 
pathogenesis of hypertension, atherosclerosis, 
chronic kidney disease, early onset of ischemic 
stroke and metabolism syndrome [3-9]. 
Moreover, all these diseases would accelerate 
the progression of CAD, which might indicate 
that Klotho gene played an important role in the 
control of the pathogenesis of cardiovascular 
disease [10]. It has been found that there were 
lots of SNPs in Klotho gene and the G-395A 
gene, which were located in Klotho gene’s pro-
moter region. Their polymorphisms were asso-
ciated with the pathogenesis of CAD [11-16], 
which had been reported in many Asian coun-
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tries. However, no consistent conclusions were 
obtained.

Therefore, we conducted a meta-analysis to 
evaluate the relation of the polymorphism of 
G-395A gene and the pathogenesis of CAD.

Methods

Literature search

To obtain an overall view of the relation between 
G-395A gene and CAD, we performed a com-
prehensive and systematic searching strategy. 
We searched for publications updated to 
October 2013 using PubMed, Embase, CBM 
and WanFang database. For English databas-
es, we used the keyword or subject word search 
(coronary artery disease, coronary disease, 
myocardial, atherosclerosis, myocardial infarc-
tion, angina pectoris, Klotho, gene, polymor-
phism, variant, allele) to identify publications. 
For Chinese databases, we selected the key-
word or subject word search (CHD, coronary 
atherosclerotic heart disease, angina pectoris, 
myocardial infarction, Klotho, polymorphism) to 
identify publications. Additional publications 
were assessed via cited references in the 
recruited articles.

Each retrieved publication was evaluated for 
the following criteria: 1) Independent case-con-
trol studies assessing the potential correlation 
between polymorphism of Klotho gene and 
CAD; 2) The distribution of gene frequency in 
control group meets the Hardy-Weinberg equi-
librium; 3) Articles published before October 
2013; 4) For repeated published literatures, we 
recruited the most significant one whose sam-
ple size and the data were the most complete; 
5) Results must include the data of allelic or 
genotypic frequencies and can directly or indi-
rectly supply odds ratios (ORs) or 95% confi-
dence intervals (95% CIs); We tried to contact 
those authors whose studies with insufficient 
data (lacking of allelic or genotypic frequen-
cies), if failed, those studies would be 
excluded.

Articles matching following criteria should be 
excluded: 1) Duplicated reports; 2) Articles with 
deficiencies in study design and qualities; 3) 
Articles with insufficient data and ambiguous 
outcomes; 4) Incorrect statistical analysis 
methods were used and cannot be modified, 

directly or indirectly ORs and 95% CIs cannot be 
provided, and mean and standard deviation of 
measurement data were failed to be supplied.

Data extraction

Data extracted from the articles including: 1) 
the name of the first author; 2) year of publica-
tion; 3) study population; 4) diagnosis criterion 
of CAD; 5) Gene and genotype frequencies in 
both experiment and control group. All the data 
would be extracted by two reviewers indepen-
dently. When outcomes from two reviewers 
were found inconsistent, another reviewer 
would get involved in discussions until the con-
sensus was reached.

Statistical analysis

We used chi-square test to assess the H-W 
equilibrium of genotype in control group. We 
chose OR and 95% CI to evaluate the distribu-
tion of genotype between experiment and con-
trol group. A fixed-effect model was conducted 
to assess the correlation between experiment 
and control group when no heterogeneity was 
detected. Otherwise, the random-effect model 
was conducted for summarization. We used I2 
test to assess the extent of heterogeneity of 
pooled data. All the results would be shown in a 
forest graph, using the OR value as vertical 
coordinate and the standard error of natural 
logarithm of OR value as horizontal coordinate. 
Publication bias was evaluated by Begg’s tests. 
The statistical significance level was set at 
0.05.

Results

Literature’s character

A total of 23 articles were found when the men-
tioned keywords were used. Nine articles were 
excluded for describing unrelated parts of 
Klotho gene’s polymorphism and including 
repeated sample size data. One was excluded 
for lacking gene and allele frequencies, and we 
couldn’t contact with its author. Another one 
was excluded for repeated sample size, and 
other six were excluded because they were 
reviews. Finally, we identified a total 6 articles 
[11-16]. All the study populations were from 
Southeast Asia, and genetype frequencies 
were in accord with H-W equilibrium. Among the 
included articles, 3 articles were written in 
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Table 1. Baseline characteristics of included studies

First author Year of 
publish Country

Age Sex (male/female)
Diagnostic criteria of CAD Examination of 

genetypeExperiment Control Experiment Control
Akiko Imammnra [11] 2006 Japan 63.5 ± 9.8 53.6 ± 11.4 150/47 238/93 CAG ≥ 75% TaqMan
Eun-Jung Rhee [12] 2006 Korea NA 55.3 ± 11.5 NA NA CAG > 50% TaqMan
Sang-Ho Jo [13] 2009 Korea 64.1 ± 11.5 59.3 ± 12.1 139/86 103/106 CAG ≥ 50% TaqMan
Pingguo He [14] 2010 China 65.8 ± 11.0 62.0 ± 10.6 240/86 124/95 2002AHA/ACA ACS Genechip
Ning You [15] 2012 China 68.9 ± 8.0 67.7 ± 10.0 191/126 184/117 2007 Chinese guidelines for CAD Gene sequencing
Mengyun Cai [16] 2013 China 64.4 ± 12.0 63.1 ± 12.1 232/108 169/111 CAG > 50% LDR
Note: NA = data of unknown; CAG = coronary angiography.
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English and 6 articles were written in Chinese. 
Moreover, the diagnosis of CAD in 4 articles 
was completely dependent on coronary angiog-
raphy and the other 2 articles were not incom-
pletely dependent on coronary angiography. 
The total study population in our study were 
3019, including 1560 CAD patients and 1459 
healthy people. Detailed characteristics of the 
eligible studies are listed in Tables 1 and 2.

Results of meta-analysis

The Meta-analysis showed that there weren’t 
statistical heterogeneity. Therefore, fixed-effect 
model was performed (P = 0.2, I2 = 30.8%), OR 
= 1.24 (95% CI: 1.06-1.45), P = 0.009, which 
was thought to be statistical significant (Figure 
1). In the subgroup analysis, we detected sta-
tistical significance in completely CAG group, 

and no statistical significance in incompletely 
CAG group (Table 3). Sensitivity analyses were 
conducted to evaluate the effect of each study 
on the overall estimation. We performed sensi-
tivity analysis in different methods, including 
using random-effects model, and removing 
maximum weighted study or the study, in which 
the difference of allele was the largest. Our 
sensitivity analysis suggested that the result of 
our Meta-analysis was stable (Table 4).

Publication bias

We performed the funnel plot using Stata 12.0 
to test the publication bias. The graph showed 
both sides were almost symmetrical, which 
suggested that all these studies had little pub-
lication bias (Figure 2). Moreover, the result of 
Begg’s test, which was used to calculate the 

Table 2. Klotho G-395A gene Polymorphism’s characteristics

First author
Sample size Genetype of case group Genetype of  

control group
Allele A  

frequency H-W equilibrium*

Exp. Con. GG/GA/AA GA + AA GG/GA/AA GA + AA Exp. Con. Total χ2 P
Akiko Imammnra 197 331 138/59/0 59 268/62/1 63 0.149 0.096 0.116 1.74 0.19
Eun-Jung Rhee 155 119 116/NA/NA 39 87/NA/NA 32 NA NA 0.148 3.71 0.16
Sang-Ho Jo 225 209 157/60/8 68 164/39/6 45 0.168 0.122 0.146 3.48 0.06
Guoping He 326 219 240/79/7 86 162/54/3 57 0.142 0.137 0.140 0.40 0.53
Ning You 317 301 150/124/43 167 150/129/22 151 0.331 0.287 0.309 0.65 0.42
Mengyun Cai 340 280 235/99/6 105 205/67/8 75 0.163 0.148 0.156 0.77 0.38
Note: Exp. = experiment; Con. = control; NA = data of unknown; *the total sample of the study by Eun-Jung Rhee et al. is in accord with H-W 
equilibrium, and the other studies’ control group data is in accord with H-W equilibrium.

Figure 1. The relation between Polymorphism of Klotho G-395A gene and susceptibility of CAD (GA + AA) vs. GG.
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which there were 11 polymorphisms of SNPs 
[23]. Few reports found that genes associating 
with the onset of CAD mainly include: KL-VS 
mutant [24] and C1818T, which is located in 
exon 4 [12, 25]. Klotho G-395A gene, which is 
located in the promoter region of Klotho gene, 
in Europe, has not been reported that its poly-
morphism was associated with CAD. However, 
in Asian countries, for example, in Japan, 
G-395A gene is regarded as a risk factor of 
CAD. In Korea, Rhee et al. reported that in peo-
ple over age 60, the allele of G-395A performed 
negatively correlated with the susceptibility of 

publication bias, also supported our conclusion 
(P = 1.0).

Discussion

It is well known that Klotho protein can protect 
the vascular endothelial cells and the mecha-
nism including: inhibiting the active oxygen 
product which is induced by Ang II, slowing 
down the cell aging and apoptosis, regulating 
the inflammatory response and maintaining the 
integrity of endothelial cell, increasing intracel-
lular NO concentration and improving the com-

pliance of artery [17-21]. The 
mice of which Klotho gene can’t 
be expressed appropriately will 
present the performance of  
atherosclerosis, including the 
extensive calcification in aorta 
or arteriole, middle artery thick-
en together with calcification, 
which is similar to that in human 
aging [1]. Navarro et al. suggest-
ed that the decline of both 
Klotho protein in serum and 
expression of Klotho gene would 
promote the onset of CAD, and 
was positively correlated with 
severity. Moreover, it might be 
one of independent risk factors 
of CAD [22]. Human’s Klotho 
gene located in chromosome 
13q12 owning 5 exons, among 

Table 3. Results of different groups about the relation between polymorphism of Klotho G-395A gene 
and CAD

Diagnose methods Num of Studies
Heterogeneity test

Model OR (95% CI) P
I2 P

Completely CAG 4 37.2% 0.189 Fixed-effect model 1.38 (1.12-1.70) 0.003
Incompletely CAG 2 0 0.747 Fixed-effect model 1.07 (0.84-1.37) 0.587
Note: Compared model is (GA + AA) vs. GG.

Table 4. Results of different research scopes about the relation between polymorphism of Klotho G-
395A and CAD

Different research scope
Heterogeneity test

OR (95% CI) P
I2 P

All studies
Fixed-effect model 30.8% 0.204 1.24 (1.06-1.45) 0.009
Random-effect model 30.8% 0.204 1.24 (1.02-1.51) 0.028
Removing maximum weighted studya 39% 0.160 1.29 (1.07-1.55) 0.008
Removing the study of the largest difference in allelesb 39% 0.160 1.29 (1.07-1.55) 0.008
Note: Compared model is (GA + AA) vs. GG; a,b: excluded literature is [15].

Figure 2. Funnel plot: Polymorphism of Klotho G-395A gene and susceptibil-
ity of CAD (GA + AA) vs. GG.
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CAD. Jo et al. reported that G-395A gene was 
positively correlated with the susceptibility of 
CAD, and further subgroup-analysis revealed a 
better correlation with the susceptibility of CAD 
in people under age 60 and no correlation in 
people over age 60 [13]. In China, You et al. 
reported that homozygote of G-395A gene was 
associated with CAD, and further subgroup-
analysis revealed only in male subgroup there 
was a correlation between G-395A gene and 
CAD [15]. Differences might result from the dis-
cordant of studies’ sample size, diagnostic cri-
teria of CAD and the age of recruited people.

This meta-analysis is the first one to assess the 
correlation between polymorphism of Klotho 
G-395A gene and the susceptibility of CAD. Our 
results showed that in dominant genetic model, 
there was a certain correlation between them 
in East Asian population. That was to say, the 
G-395A gene might be one of risk genes of 
CAD. In our study, recruited people were from 
eastern Asian countries and all of them were 
xanthoderm, suggesting that we could remove 
the interference of race partly. As mentioned 
earlier, our subgroup-analysis was performed 
in terms of different diagnostic criteria of CAD 
and results revealed that incompletely CAG 
group’s outcome didn’t have statistical signifi-
cance, suggesting that differences in diagnos-
tic criteria might one of the reasons of hetero-
geneity. When we performed random-effects 
model, there were still significant heterogene-
ity. Both sensitivity analysis and Begg’s test 
showed that there was little publication bias 
and our conclusion was stable.

Only a few studies assessed the influence of 
age, sex factor to the relation of G-395A gene 
and CAD. In order to analyze the correlation 
between polymorphism of mononucleotide and 
disease susceptibility, we should also consider 
the effect of allele and the linkage disequilibri-
um of gene, which could cause disease, respec-
tively. Besides, we also need to recruit different 
races’ population and conduct larger sample 
size, higher quality studies to confirm the cor-
relation between the polymorphism of Klotho 
gene and CAD.
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