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Abstract. Coronary artery disease (CAD) is a leading cause 
of mortality globally. However, the etiology and pathogenesis 
of CAD are not fully understood. The aim of the present 
meta‑analysis was to estimate the association between the 
risk of CAD and Helicobacter pylori (H. pylori) infection. 
A literature search was performed to identify eligible studies 
published prior to August 14, 2014. Fixed or random effect 
meta‑analytical methods were used to pool the data and perform 
the subgroup analyses. The effect measures estimated were 
the odds ratios (OR) for dichotomous data reported with 95% 
confidence intervals (95% CI). Of the 109 studies identified 
using the search parameters, 26 cross‑sectional studies were 
eligible involving 3,901 CAD patients and 2,751 controls. H. 
pylori infection was associated with an increased risk of CAD 
(OR: 1.96, 95% CI: 1.47‑2.63, P<0.00001). When the adjusted 
ORs were used to conduct another meta‑analysis, the OR value 
decreased, but the association remained significant (OR: 1.42, 
95% CI: 1.09‑1.86, P=0.008). The association between H. 
pylori infection and CAD risk was stronger in younger indi-
viduals than in older individuals (OR: 2.36, 95% CI 1.50‑3.73 
vs. OR: 1.59, 95% CI: 1.19‑2.11). A significant association was 
observed in studies from Europe (OR: 2.11, 95% CI: 1.54‑2.88, 
P=0.01) and the USA (OR: 1.43, 95% CI: 1.08‑1.91, P=0.36). 
There is a potential association between H. pylori infection 
and the risk of CAD. The association may be influenced by 
age and ethnicity.

Introduction

Coronary artery disease (CAD), also known as ischemic heart 
disease (IHD), atherosclerotic heart disease, atherosclerotic 

cardiovascular disease and coronary heart disease, is a leading 
cause of mortality globally. It is reported to have caused 7.4 
million mortalities (13.2% of all deaths) in 2012 worldwide (1). 
The etiology and pathogenesis of CAD are not fully understood. 
The common risk factors, including hypertension, diabetes 
mellitus, smoking, obesity, serum lipids, family history and 
socioeconomic status, do not fully account for all cases (2). 
Chronic infections, including Helicobacter pylori (H. pylori) 
infection, are assumed to play a role in the pathogenesis of 
CAD (3).

H. pylori is a gram‑negative bacterium infecting more 
than half the world's population (4). The infection results in 
chronic gastritis, peptic ulcer disease and gastric cancer (5). 
It is also associated with extra‑gastrointestinal conditions, 
including diabetes mellitus and stroke (6,7). Previous studies 
have focused on the association between H. pylori infection 
and the risk of CAD. However, the role of H. pylori in CAD 
remains unclear (8,9).

Studies in which the potential association between 
H. pylori infection and CAD has been investigated have 
shown conflicting results. In the majority of studies, CAD 
was diagnosed using clinical questionnaires or on the basis 
of abnormalities on electrocardiograms. As patients with 
other diseases may also present with chest pain syndromes 
similar to CAD, these diagnostic methods would result in high 
confounding bias. Coronary angiography is a sensitive and 
specific technique for diagnosing CAD. It is considered to be 
a ‘gold standard’ for the diagnosis of CAD (10). Therefore, the 
present meta‑analysis was conducted to determine the associa-
tion between H. pylori infection and CAD risk. The data were 
obtained from studies in which CAD was diagnosed by coro-
nary angiography to obtain a more comprehensive estimate of 
the putative influence of H. pylori on CAD.

Materials and methods

Data search. Studies were selected on the basis of a structured 
literature search in PubMed, EMBASE and the Cochrane 
library. Search terms were ‘coronary artery disease [All 
Fields]’ OR ‘coronary heart disease [All Fields]’ OR ‘coronary 
atherosclerosis [All Fields]’ OR ‘myocardial infarction [All 
Fields]’ OR ‘angina [All Fields]’ OR ‘atheroma [All Fields]’ 
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OR ‘ischemic heart disease [All Fields]’ OR ‘ischaemic heart 
disease [All Fields]’ AND ‘Helicobacter pylori [All Fields]’ 
AND ‘angiography [All Fields]’. The references in the articles 
were checked, and suitable studies identified from them were 
also used. The date of the most recent search was August 14, 
2014.

Data selection. All selections were performed in duplicate. 
The final inclusion of studies was determined by consensus, 
and when this failed, a third author adjudicated. The following 
inclusion criteria were used: i) Studies that compared the 
incidence of angiographically demonstrated CAD in H. pylori 
infected subjects and uninfected subjects; and ii) studies that 
compared the incidence of H. pylori infection in angiographi-
cally demonstrated CAD patients and non‑CAD controls. 
Studies that did not meet these inclusion criteria were excluded. 
Articles not in the English language were also excluded.

Data extraction. Two trained research personnel indepen-
dently extracted the following data: First author, country, year 
of publication, mean age of patients, study size, study type, 
methods of H. pylori detection, matched variables and adjusted 
variables. All data were double‑entered.

Statistical analysis. The meta‑analysis was performed using 
Review Manager (RevMan) version  5.3 (The Cochrane 
Collaboration, Oxford, UK). The effect measures estimated 
were the odds ratio (OR) and relative risk (RR) for dichotomous 
data reported with 95% confidence intervals (95% CIs). An 
OR/RR was considered statistically significant if the 95% CI 
did not include the value 1. An analysis of the heterogeneity 
of the studies was performed using the χ2‑based Q test. P<0.1 
and I2>50% were considered significant for heterogeneity. 
If the studies were shown to be homogeneous with P>0.1, a 
fixed‑effects model (the Mantel‑Haenszel method) was used, 
otherwise, the random‑effects model (the DerSimonian and Laird 
method) was used. The potential publication bias was assessed 
with funnel plots. A sensitivity analysis was carried out to assess 
heterogeneity. Each study was sequentially removed from the 
analysis to determine its contribution to the overall effect size. 
All studies were scored using the modified Newcastle‑Ottawa 
Scale system (11). This scoring system evaluated studies based 
on patient selection, comparability of the groups, and assess-
ment of outcome. When an article received a score of >6 in this 
scoring system, it was regarded as a high‑quality article.

Results

Eligible studies. Of the 109 studies identified, 26 studies (12‑37) 
were eligible. The reasons why other studies did not meet 
the inclusion criteria were as follows: They were reviews, 
comments, news, case reports or letters with no original data 
(n=18); non‑English articles (n=4); studies of other topics 
(n=54); the full text could not be found (n=1); and studies on 
this topic, but did not use coronary angiography to diagnose 
CAD (n=6). A manual search of the listed references revealed 
no further studies. Of these 26 studies, 24 compared the inci-
dence of H. pylori infection in angiographically diagnosed 
CAD patients and non‑CAD controls, while only two studies 
[Lee et al (22) and Zhu et al (25) ], involving <500 participants, 

compared the incidence of CAD in H. pylori infected subjects 
and uninfected subjects. A meta‑analysis could not be 
conducted for these studies. The two studies also compared 
the incidence of H. pylori infection in CAD patients and 
non‑CAD controls. Therefore, they were analyzed together 
with the other 24 studies. The characteristics of the selected 
studies are summarized in Table I.

H. pylori infection and CAD risk. Of these 26 studies, 13 indi-
cated that H. pylori infection was associated with a higher risk 
of CAD, while the others showed no association. The total 
number of CAD patients was 3,901, and that of non‑CAD 
controls was 2,751. The H. pylori positive rate in CAD patients 
and controls was 61.3% (2,390/3,901) and 42.5% (1,168/2,751), 
respectively. The random effect pooled OR was 1.96 (95% CI: 
1.47‑2.63, P<0.00001; Fig. 1). When excluding 12 studies that 
had a low score (≤6), 14  studies remained. Meta‑analysis 
showed that the random effect pooled OR was 1.75 (95% CI: 
1.39‑2.19, P=0.008). The studies with high scores (≥7) had 
adjusted some variables associated with CAD. The adjusted 
ORs were used to conduct another meta‑analysis. The random 
effect pooled OR was 1.42 (95% CI: 1.09‑1.86, P=0.008; Fig. 2). 
The adjusted effect pooled OR was lower than the unadjusted, 
but the association was still significant.

Subgroup analysis. To investigate the influencing factors of 
heterogeneity, the data were further stratified according to 
the year of publication, methods of H. pylori detection, and 
whether matched for gender, mean age, socioeconomic level 
and geographical region. Subgroup analyses according to the 
above factors were then conducted. The results are shown in 
Table II. The association between H. pylori infection and CAD 
risk was stronger in younger individuals (those <60 years old) 
than in older individuals (OR: 2.36, 95% CI: 1.50‑3.73 vs. 
OR: 1.59, 95% CI: 1.19‑2.11). A significant association was 
observed in studies from Europe (OR: 2.11, 95% CI: 1.54‑2.88, 
P=0.01) and the USA (OR: 1.43, 95% CI: 1.08‑1.91, P=0.36).

Sensitivity analysis and publication bias. A sensitivity anal-
ysis was performed to assess the influence of each individual 
study on the pooled ORs by omitting a single study each time. 
The results showed that there was no substantial change in 
the corresponding pooled OR. Publication bias was assessed 
using funnel plots. In the funnel plots, the largest studies were 
near the average, small studies were spread on both sides of 
the average and an asymmetric inverted funnel shape was 
obtained (Fig. 3). Therefore, funnel plots showed no evidence 
of significant publication bias in the meta‑analyses.

Discussion

The studies included in the meta‑analysis applied strict 
diagnostic criteria for CAD diagnosis, and the results were 
more reliable than those of a previous meta‑analysis (38). All 
included studies during quality assessment achieved satisfac-
tory scores (≥6). The meta‑analysis including the high quality 
studies (scores ≥7) did not significantly change the pooled 
OR. Sensitivity analysis did not demonstrate that any single 
study would lead to a statistically significant effect size in the 
meta‑analysis. Therefore, the included studies showed good 
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homogeneity. During the graphical exploration with funnel 
plots, no evidence of significant publication bias was found, 
indicating that the results of these meta‑analyses were reliable.

The results showed that the risk of CAD increased ~2‑fold 
in patients with H. pylori infection. However, when some vari-
ables associated with CAD were adjusted, the risk decreased 

Figure 2. Random‑effect meta‑analysis of the studies adjusted for potential confounders in which Helicobacter pylori infection and coronary artery disease 
risk are evaluated. The squares indicate point estimates of pathogenic effect, with the size of the square representing the weight attributed to each study, and 
95% CIs are indicated by horizontal bars. The diamond represents the summary OR from the pooled studies with 95% CI. log[Odds ratio], logarithm of the 
adjusted OR; SE, standard error of the adjusted OR; CI, confidence interval; OR, odds ratio.

Figure 1. Random‑effect meta‑analysis of the studies evaluating Helicobacter pylori infection and CAD risk. The squares indicate point estimates of patho-
genic effect, with the size of the square representing the weight attributed to each study, and 95% CIs are indicated by horizontal bars. The diamond represents 
the summary OR from the pooled studies with 95% CI; cases represents CAD patients; controls represents non‑CAD subjects; events represents the number of 
subjects with H. pylori infection in each group and total represents the total number of subjects in each group. CAD, coronary artery disease; CI, confidence 
interval; OR, odds ratio.
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to 1.42‑fold. This indicated that H. pylori infection was a 
potential independent risk factor for CAD, and may play a role 
in the pathogenesis of CAD.

Year of publication and H. pylori diagnostic method could 
affect homogeneity. Age, gender, ethnicity and socioeconomic 
level were associated with both H. pylori infection and CAD 
risk. Therefore, subgroup analyses according to the above 
factors were performed. During the subgroup analysis, the 
year of publication, H. pylori diagnostic method, gender 

and socioeconomic level did not influence the reliability of 
the results. However, the results indicated that the associa-
tion between CAD risk and H. pylori infection was age‑ and 
ethnicity‑dependent. The association was stronger in younger 
individuals than in older individuals. These results were 
consistent with those of previous studies, which demon-
strated that the effect of most cardiovascular risk factors on 
cardiovascular diseases was stronger in younger than in older 
individuals (39,40). The effect of H. pylori infection on CAD 

Figure 3. Funnel plots of studies evaluating Helicobacter pylori infection and coronary artery disease risk. (A) All studies and (B) studies with adjusted 
confounding variables. SE (log [OR]), standard error of the logarithm of the odds ratio.

Table II. Results of the meta‑analyses in the subgroups.

Subgroup	 No. of studies (study sizea)	 P‑valueb	 I2c (%)	 OR (95% CI)

Year of publication
  Before 2000	 7 (1,386/1,034)	 0.34	 12	 1.66 (1.40‑1.98)
  During or after 2000 	 19 (2,515/1,717)	 <0.00001	 86	 2.17 (1.42‑3.31)
H. pylori detection
  Serum IgG	 23 (3,634/2,611)	 <0.00001	 85	 1.96 (1.42‑2.69)
  Histological staining	 2 (229/128)	 0.32	 0	 1.78 (1.12‑2.82)
Matched for gender
  Matched	 8 (766/607)	 0.12	 39	 1.68 (1.34‑2.12)
  Not matched	 18 (3,135/2,144)	 <0.00001	 87	 2.08 (1.42‑3.06)
Mean age (years)
  <60	 13 (2,144/1,651)	 <0.00001	 87	 2.36 (1.50‑3.73)
  ≥60	 13 (1,757/1,100)	 0.004	 59	 1.59 (1.19‑2.11)
Socioeconomic level
  Developed countries 	 15 (2,605/1,707)	 0.005	 55	 1.75 (1.41‑2.17)
  Developing countries 	 11 (1,296/1,044)	 <0.00001	 88	 2.23 (1.15‑4.32)
Geographical region
  Europe	 9 (1,609/1,098)	 0.01	 59	 2.11 (1.54‑2.88)
  Middle East	 9 (1,136/921)	 <0.00001	 88	 2.07 (0.99‑4.30)
  East Asia	 5 (633/419)	 0.007	 72	 1.64 (0.94‑2.85)
  USA	 3 (523/313)	 0.36	 1	 1.43 (1.08‑1.91)

aNumber of participants with CAD/number of participants without CAD. bP‑value reflects the heterogeneity. If P>0.1, the fixed effects model is 
reported; otherwise, the random effects model is reported. cI2 is used to quantify heterogeneity. If I2>50%, there may be obvious heterogeneity, 
and the random effects model is reported; otherwise, the fixed effects model is reported. CAD, coronary artery disease.
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was stronger in Caucasians in this meta‑analysis. It is gener-
ally acknowledged that the prevalence of H. pylori infection in 
younger individuals and Caucasians is lower than that in older 
individuals and other ethnicities. Therefore, H. pylori infection 
appears to have a greater impact on CAD risk in low prevalence 
populations.

This meta‑analysis demonstrated that H. pylori infection was 
associated with the risk of CAD. CAD and H. pylori infection 
could potentially share common factors of genetic suscepti-
bility. Genetic loci associated with host susceptibility to CAD 
or H. pylori infection have been identified using genome‑wide 
association studies (GWAS) in recent years (41‑46). GWAS 
represent an essentially unbiased approach capable of simul-
taneously assessing thousands of genetic variants across the 
whole genome for association with CAD or H. pylori infection. 
To date, multiple GWAS have identified >50 common genetic 
susceptibility loci independently associated with CAD (41‑44). 
Two studies identified four single nucleotide polymorphisms 
(SNPs: rs4833095, rs10004195, rs368433 and rs10502974) 
located in different genes that were associated with H. pylori 
infection using GWAS (45,46). However, no genetic locus 
associated with both H. pylori infection and CAD risk has 
been found. Therefore, there is no good evidence to demon-
strate that CAD and H. pylori infection share common factors 
of genetic susceptibility. H. pylori infection increases the risk 
of CAD and this may be due to the pathogenicity of H. pylori.

H. pylori infection can affect CAD risk in various ways. 
Two studies found H. pylori DNA in the aortic tissues and 
atherosclerotic plaques of patients with CAD (47,48). This 
may be an important indication of the direct role of H. pylori 
in the pathogenesis of CAD. Chronic H. pylori infection can 
reduce serum high‑density lipoprotein (HDL) cholesterol and 
apolipoprotein‑A, but elevate total cholesterol, low‑density lipo-
protein (LDL) cholesterol, triglyceride and apolipoprotein‑B 
levels (49). These alterations in lipid profiles may promote the 
atherosclerotic process. Chronic H. pylori infection triggers 
the release of inflammatory cytokines and coagulation factors 
such as interleukin (IL)‑1, IL‑6, IL‑8, tumor necrosis factor‑α, 
fibrinogen and prothrombin fragments, resulting in vasocon-
striction, endothelial dysfunction and slowed flow in the major 
epicardial coronary arteries (50). These factors link H. pylori 
infection to the development of CAD.

In conclusion, this meta‑analysis demonstrated a potential 
association between H. pylori infection and the risk of CAD. 
The association may be influenced by age and ethnicity. More 
research is required to explore the mechanisms involved.
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