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Abstract
Purpose This systematic review and meta-analysis summarize the evidence for the association between Helicobacter 
pylori infection and Primary Open-Angle Glaucoma.

Methods Eligible studies reporting an association between H. pylori infection and Glaucoma were identified through 
an extensive search of the Excerpta Medica (EMBASE), Web of Science, Scopus, and PubMed databases and an 
assessment of the reference list of the top articles until October 2022. Analysis was performed with random effects 
model using Stata 16.

Result Twenty-four studies were included in the systematic review. This study involved 1602 glaucoma patients 
and 2800 control individuals. The combined RRs of cohort studies and overall combined ORs of case-control studies 
showed a significant correlation between H. pylori infection and Glaucoma. Subgroup analysis showed that glaucoma 
patients had a higher risk of having H. pylori infection if they were residents of Europe countries (Cohort: RR: 1.69; 95% 
CI: 1.3–2.19) and (Case-Control: RR: 3.71; 95% CI: 2.07–6.64), if they had POAG type (Cohort: RR: 1.76; 95% CI: 1.37–2.27) 
and (Case-Control: RR: 3.71; 95% CI: 2.934.70), if their diagnostic method of HP was histology (Cohort: RR: 1.95; 95% CI: 
1.26–3.01) and (Case-Control: RR: 4.06; 95% CI: 2.28–7.22), and if they were over 60 years old (Cohort: RR: 1.63; 95% CI: 
1.33-2.00) and (Case-Control: RR: 2.95; 95% CI: 2.27–3.83).

Discussion The results of this meta-analysis suggest a statistically significant association between Helicobacter pylori 
infection and Primary Open-Angle Glaucoma.
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Introduction
Helicobacter pylori (HP) is a spiral-shaped and gram-
negative Micro-organism that affects the epithelial 
mucosa of the stomach [1, 2]. It is estimated that approxi-
mately 50% of the world’s population is infected with H. 
pylori [3]. HP is the principal cause of peptic ulcer dis-
ease, chronic gastritis, and gastric cancer [1, 2]. In addi-
tion to these common diseases, extra-gastrointestinal 
manifestations of H. pylori have recently attracted the 
interest of many researchers [2], including blood diseases 
such as iron deficiency anemia, vitamin B12 deficiency, 
and chronic immune thrombocytopenia, metabolic 
syndrome, diabetes, non-alcoholic fatty liver disease, 
Alzheimer’s disease, neurologic disease, skin disease, car-
diovascular disease, and eye disease [3–7]. Ocular mani-
festations of H. pylori infection include glaucoma, central 
serous chorioretinopathy, blepharitis, and uveitis [2].

Glaucoma is the acquired loss of retinal ganglion cells 
(RCG) and axons within the optic nerve or optic neu-
ropathy [8]. Glaucomatous neuropathy is mainly caused 
by persistent elevated intraocular pressure (IOP above 
22 mmHg). However, if the pressure is within the normal 
range, it can develop normal tension glaucoma(NTG), 
which is infrequent (Fig.  1) [9, 10]. The two main types 
are open-angle glaucoma and closed-angle glaucoma 
[11], and primary open-angle glaucoma (POAG) is the 

most typical form in the United States [12]. Glaucoma 
is the prominent cause of blindness globally and occurs 
most commonly in the elderly [13–15]. It is estimated to 
affect about 76 million of the world’s population between 
the ages of 40 and 80. By 2040, this number is expected to 
increase to 111.8 million worldwide [14, 16, 17].

The hypothesis of the correlation between H. pylori 
infection and glaucoma originated from the role of H. 
pylori causing the release of various pro-inflammatory 
and vasoactive substances, arteriosclerosis-induced 
increased platelet activation and aggregation, and impact 
on the trabecular meshwork cell apoptotic process. 
Cross-reactivity between antibodies to Helicobacter 
pylori and the ciliary epithelium has also been speculated 
[18–22].

As studies evaluating potential associations between 
H. pylori infection and POAG have reported positive 
[19, 20, 23–38] or no association [39–44], Controversy 
still exists. For this reason, this study aimed to elucidate 
the putative link between primary open-angle glaucoma 
(POAG) and H. pylori infection in all possible combina-
tions. Glaucoma guidelines need to be updated, so the 
results of this study can be helpful for this goal.

Fig. 1 Glaucoma Types [9]
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Methods, search terms, and search strategies
This study aimed to address the Association between 
Helicobacter pylori Infection and POAG through sys-
tematic review and meta-analysis based on the PRISMA 
guidelines for systematic reviews and meta-analysis of 
cohort and case studies [45]. A systematic electronic 
literature search, a full search of articles through Octo-
ber 2022, was performed in the online databases of 
PubMed (Medline), Embase, Scopus, and Web of Sci-
ence. The investigation was conducted based on key-
words selected by Mesh and Emtree. The first ten pages 
of Google Scholar were also examined to prevent the 
loss of gray articles according to the keywords. We also 
discussed these studies’ references for possible rel-
evant articles (Manual Search). The keywords searched 
on the international site included “helicobacter pylori” 
with its synonyms (“Campylobacter Pylori,” “Campy-
lobacter Pyloridis,” “Campylobacter Pyloris,” “Helico-
bacter Nemestrinae”) and “Glaucoma” with its synonym 
(“Primary Open-angle Glaucoma,” “POAG,” “Chronic 
Glaucoma”).

Eligibility criteria
In the current meta-analysis, the following inclusion and 
exclusion criteria were required to be met. The inclusion 
criteria were: cohorts or case-control studies evaluating 
the association between H. pylori infection and Glau-
coma and their results using the indicators measuring the 
association, such as OR, RR, and HR with a 95% confi-
dence interval. The exclusion criteria were duplicate data, 
Cross-sectional studies, editorials, letters, review articles, 
case reports, systematic reviews, and meta-analyses, 
intervention studies (RCT), and articles not reporting the 
outcomes of interest.

Selection and screening
At the end of the search, all screened studies were 
uploaded to Endnote version 9. After identifying and 
removing duplicates, studies still needed to be published 
and were in the peer-reviewed phase were excluded. 
After that, the full texts of the screened articles were 
reviewed, and the ones which met the desired criteria 
were selected for meta-analysis. If multiple types of glau-
coma were reported in an article, each kind combined 
with the control group was extracted as an independent 
dataset.

Data extraction and quality assessment
After selecting the studies, the required data were 
extracted by the two independent researchers (EEA and 
YM) and recorded in Excel. After examining the dis-
crepancies and reaching a single result, the OR and RR 
reported with a 95% confidence interval and related 
to the association between H. pylori and POAG were 

extracted from the studies. Then, this information was 
removed, including the first author’s name, year of pub-
lication, Type of study, country of origin, Host Jour-
nal, sample size, Glaucoma Cases, Controls, Mean Age 
(Years), Glaucoma Subtype, H. pylori Infection Diagno-
sis, NOS Score and Relationship between H. pylori and 
Glaucoma (OR, CI).

The quality of the studies in this meta-analysis was 
assessed using the Newcastle Ottawa Scale (NOS) 
[46, 47]. On this scale, a maximum of 9 points can be 
awarded to each study in three sections: selection of par-
ticipants (4 points), comparison (2 points), and results (3 
points). Studies are divided into ones with high quality 
(7–9 points), medium quality and high risk of bias (4–6 
points), and low quality and high risk of bias (0–3 points).

Statistical analysis
In this systematic review, seven cohort and seventeen 
case-control studies were included in the analysis. The 
researchers have decided to perform the final analysis 
on both cohort and case-control studies since they are 
methodologically different, and their indicators of mea-
suring the association are various. Analyzes related to 
these studies were performed by Stata software version 
16. First, the logarithm and the standard deviation (SD) 
of the relative risk (RR) logarithm were calculated using 
a combination of seven cohort studies. Second, the log-
arithm and the standard deviation of the logarithm of 
Odd’s Ratio (OR) were computed using a combination of 
seventeen case-control studies. The model of fixed effects 
was used to estimate the pooled risk ratio. Also, sub-
group analyses were performed to identify the primary 
source of heterogeneity by considering the Continents 
where the study was conducted, the type of Glaucoma, 
the Diagnostic Method of HP, and the participants’ age. 
I square index and Cochrane Q test were used to deter-
mine heterogeneity. Egger and funnel plot tests were 
used to evaluate the publication bias. The significance 
level was considered below 0.05 in this study.

Results
Qualitative results
After completing the search in international databases, 
826 articles were retrieved. First, duplicates (541) were 
removed, then 285 articles were entered into the screen-
ing stage according to the title. One hundred sixty-six 
articles were removed at this step, and 119 papers were 
evaluated based on their abstracts, considering the inclu-
sion and exclusion criteria. Then, forty-eight pieces 
remained and entered the screening phase based on their 
full texts. Of these articles, twenty studies were excluded 
due to the non-related outcomes to the present study 
and eight cases because of different statistical popula-
tions. Finally, twenty studies related to the subject and 
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purpose of the research had the necessary conditions to 
be entered into the study. After a manual search, four 
articles were added to the final studies [33, 36, 37, 48].

After screening, twenty-four articles were finally 
selected, of which seven articles were cohorts (Tso-
laki et al. [6], Kim et al. [18], Kountouras et al. [23, 24], 
Abrishami et al. [25], Kurtz et al. [39] and Galloway et al. 
[40]). Seventeen articles were case-control (Kountouras 
et al. [16], Jahadi et al. [38], Abd Elahi et al. [39], Hong 
et al. [29], Deshpande et al. [27], Zavos et al. [24], Peng 
et al. [30], Samarai et al. [25], Shasha et al. [31], Tuzcu et 
al. [40], Noche et al. [41], Zhang et al. [34], Xinjifu et al. 
[33], Sultana et al. [26], Raji et al. [32], Zhou et al. [35], 
and Alkaffas et al. [46]) which were entered meta-analy-
sis (Fig. 2). A diagram of how to select the final studies is 
shown in Fig. 2. Table 1 lists the general characteristics of 
the included studies.

Quantitative results
The quantitative part of the present meta-analysis has 7 
cohort studies with 14 effect sizes. In these articles, the 
smallest reported effect size of the association between 
H. pylori and Glaucoma belonged to the study of Kurtz 
et al. with a risk ratio of 0.80 (95% CI; 0.32–2.04), and the 
highest effect belonged to the study of Kountouras et al. 
with the risk ratio of 3.27 (95% CI; 1.55–6.89). Finally, 
after combining these cohort studies, the pooled risk 
ratio of association between H. pylori and Glaucoma was 
1.59 (95% CI; 1.36–1.87). The heterogeneity in this analy-
sis was low and equal to 12.17%, with a significance level 
of 0.001 (Fig. 3).

Also, this meta-analysis has 17 case-control studies 
with 24 effect sizes. In these papers, the smallest reported 
effect size of the association between H. pylori and Glau-
coma belonged to the study of Deshpande et al. with an 
odds ratio of 0.40 (95% CI; 0.18–0.91), and the highest 

Fig. 2 Flowchart based on Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines interpreting the selection process 
of the reviewed studies to insert in the meta-analysis
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effect belonged to the study of Xinjifu et al. with the odd’s 
ratio of 15.84 (95% CI; 6.51–38.54). Finally, after com-
bining these case-control studies, the pooled odds ratio 
of association between H. pylori and Glaucoma was 2.87 
(95% CI; 2.33–3.52). The heterogeneity in this analysis 
was equal to 72.13%, with a significance level of 0.001 
(Fig. 4).

Publication bias
The Egger test was used to examine and determine the 
publication bias according to the number of articles 
included in the analysis. Based on the results obtained 
from the Egger test, evident and significant publication 
bias (P < 0.001) was observed in the combination of stud-
ies included in our analysis. However, the method of cut-
ting and filling the collected effect size did not change 
the results, which showed that the study results were not 
affected by publication bias (Figs. 5 and 6).

Subgroup analysis
The results of subgroup analysis based on the continent 
where the study was conducted, Type of Glaucoma, Diag-
nostic Method of HP, and Age are shown in Table 2.

Based on the geographical location
Subgroup analysis based on the geographical location in 
the present meta-analysis showed that glaucoma patients 
had a higher risk of having H. pylori infection if they were 
residents of Europe countries (Cohort: RR: 1.69; 95% CI: 
1.3–2.19) and (Case-Control: RR: 3.71; 95% CI: 2.07–
6.64) (Table 2).

Based on the type of glaucoma
Subgroup analysis based on the type of Glaucoma in the 
present meta-analysis showed that glaucoma patients 
had a higher risk of having H. pylori infection if they had 
POAG type. (Cohort: RR: 1.76; 95% CI: 1.37–2.27) And 
(Case-Control: RR: 3.71; 95% CI: 2.934.70) (Table 2).

Based on the diagnostic method of HP
Subgroup analysis based on the diagnostic method of 
HP in the present meta-analysis showed that glaucoma 
patients had a higher risk of having H. pylori infection 
if their diagnostic method of HP was histology. (Cohort: 
RR: 1.95; 95% CI: 1.26–3.01) And (Case-Control: RR: 
4.06; 95% CI: 2.28–7.22) (Table 2).

Based on the age of participants in the study
In this meta-analysis, the age of glaucoma patients in 
the selected preliminary studies was divided into groups 
of less than or equal to 60 years and more than 60 years. 
Analysis showed that glaucoma over the age of 60 years 
had a higher risk of having H. pylori infection (Cohort: 
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RR: 1.63; 95% CI: 1.33-2.00) and (Case-Control: RR: 2.95; 
95% CI: 2.27–3.83) (Table 2).

Discussion
In recent decades, HP infection has been considered a 
critical risk factor for glaucoma. However, the study sam-
ple size is limited, and the studies have conflicting results. 
Therefore, we conducted this meta-analysis to determine 
the relationship between Helicobacter pylori and primary 
open-angle glaucoma.

In the present meta-analysis, twenty-four studies were 
reviewed and included. These studies included case-
control and cohort studies, and each study was sepa-
rately analyzed. The results of this meta-analysis, both 
in case-control studies and cohort studies, showed the 
relationship between HP and Glaucoma. In addition 
to the overall association of Glaucoma with HP in this 
study, subgroup analysis showed the association of HP 
infection with POAG, NTG, and PXFG. In addition, 

subgroup analysis based on geographical location in the 
present meta-analysis showed that glaucoma patients 
are at higher risk of HP infection if they live in European 
countries. Also, in this meta-analysis, the age of Glau-
coma patients in selected primary studies was divided 
into groups less than or equal to 60 years and more than 
60 years. The analysis showed that glaucoma over 60 
increases the risk of HP infection.

Glaucoma is the second leading cause of blindness 
worldwide after cataracts [10] and the leading cause of 
irreversible blindness, but many aspects of its patho-
genesis remain unknown. Several possible mechanisms 
could support the fact that HP infection increases the 
risk of glaucoma. One is that HP infection may influ-
ence the pathophysiology of glaucoma by releasing vari-
ous proinflammatory and vasoactive substances and 
affecting the apoptotic process [50]. HP infection is 
responsible for inflammation, increased production of 
reactive oxygen species, and induction of oxidative DNA 

Fig. 3 The pooled risk ratio of association between H. pylori and Glaucoma in Cohort studies
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damage in the gastric mucosa [51]. HP infection locally 
induces a chronic inflammatory state consisting of neu-
trophils, polymorphonuclear cells (PMN), and lympho-
cyte recruitment at the site of infection. The PMN cells 
attempt to damage bacterial structures by producing 

superoxide radicals and other ROS (Reactive Oxygen 
Species), thus determining local oxidative stress. And 
finally, excessive and long-term production of ROS in 
the gastric mucosa may damage cellular components 
such as unsaturated fatty acids, proteins, and DNA, and 

Fig. 4 The pooled odds ratio of association between H. pylori and Glaucoma in Case-Control studies
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lipid peroxidation of the membrane will lead to disrup-
tion of various cell membrane and organelle functions 
[52]. Ascorbic acid is considered a primary substrate in 
eye protection due to its high ocular concentration [53]. 
This molecule is abundant in the aqueous humor, cor-
nea, and tear film. Vitamin C is an important antioxidant 
that protects cells from death caused by oxidative stress. 
Probably, HP can damage the eyes and cause Glaucoma 
in this way. Therefore, HP can release various inflamma-
tory factors such as cytokines, C-reactive protein, and 
nitric oxide [54]. Another mechanism is that HP infec-
tion can stimulate platelet and platelet-leukocyte aggre-
gation, leading to decreased ocular blood flow and ocular 
ischemia [28].

Another point is that studies have proven that glau-
coma patients have a common genetic factor that makes 
them more susceptible to HP infection [32]. In addition, 
the toxic substances secreted by HP may affect glau-
coma and cause antibody-induced apoptosis that leads 
to inflammation in the retrobulbar region [18]. But the 
most likely mechanism of connection is an autoimmune 

reaction. In this way, the anti-HP antibody may cross the 
blood-aqueous humor barrier, condense in the aqueous 
humor and cause or aggravate glaucomatous damage 
[24].

As mentioned, there are various studies on the relation-
ship between HP and Glaucoma and its types, includ-
ing POAG. For example, some studies have a confirming 
role in this connection and investigate the condition of 
Glaucoma with the treatment of Helicobacter pylori. In a 
study by Shahram Ala et al., it was stated that HP eradica-
tion treatment might positively affect glaucoma manage-
ment. The study results showed that intraocular pressure 
decreased significantly after HP eradication treatment in 
the intervention group. At the same time, this was not 
the case in the control group that was not treated with 
HP [26]. The same result was obtained in another study 
by Kountouras with a smaller amount [23].

Other studies have documented a higher prevalence of 
HP in POAG. These studies concluded that HP infection 
is much more common in patients with primary open-
angle glaucoma [19, 40]. In another study conducted by 

Fig. 6 The funnel and Galbraith plot of the association between H. pylori and Glaucoma in Case-Control studies

 

Fig. 5 The funnel and Galbraith plot of the association between H. pylori and Glaucoma in Cohort studies
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Tsolaki et al., a positive correlation was found between 
HP infection and dementia, HP infection and glaucoma, 
and also between dementia and glaucoma [6]. However, 
some studies reported conflicting results. For example, 
one study reported that HP infection and seropositiv-
ity for Cag-A virus strains carrying HP were not signifi-
cantly associated with any type of glaucoma [39]. In this 
context, a meta-analysis study has also been conducted, 
which, similar to the results of the present study, showed 
a statistically significant relationship between HP infec-
tion and Glaucoma, and further analysis showed that 
this positive relationship is only observed in POAG and 
NTG patients, which were consistent with the results 
of the study. But the mentioned study did not find an 
association between HP and PXFG [20]. But in the pres-
ent study, there was also a relationship between HP and 
PXFG. Another meta-analysis study conducted in 2020 
by Doulberis et al. examined the relationship between 
active HP infection and glaucoma. The results of this 
study also showed that the overall relationship between 

HP infection and Glaucoma was statistically significant. 
However, the degree of heterogeneity between the results 
of the studies was high. Also, in Doulberis et al. study, 
there was only a relationship between HP, POAG, and 
NTG but not PEG. Regarding the effect of geographic 
location, similar to our research, it was found that peo-
ple living in European countries with glaucoma are more 
exposed to HP infection [31].

The current study had strong points compared to pre-
vious meta-analysis studies, including that the last field 
meta-analysis [31] was conducted in 2020 and on sev-
enteen studies. After that, other case-control and cohort 
studies investigated the relationship between HP and 
glaucoma, which were added to the present meta-analy-
sis. There was no heterogeneity in the results obtained in 
pooled cohort studies, which is a strong point compared 
to the previous investigation. The heterogeneity after 
combining the case-control studies was higher in pooled 
case-control analyses than in the cohort studies. This 
can be attributed to selecting cases and controls from a 

Table 2 Subgroup analysis regarding the relationship between Pylori infection and glaucoma
Study Design Variables Pooled Risk 

Ratio
% 95 Confi-
dence Interval

Heterogeneity assessment 
between studies 

Heterogeneity as-
sessment between 
subgroup

I square P value Q test P 
value

Cohort Continents
Asia
Europe
America

1.65
1.69
1.27

1.31–2.07
1.30–2.19
0.86–1.88

9.88%
45.62%
0.00%

0.33
0.09
1.00

14.80 0.32

Type of Glaucoma
NTG
OHT
PEG
POAG

1.47
1.24
1.69
1.76

1.16–1.86
0.55–2.79
1.08–2.65
1.37–2.27

0.00%
0.00%
57.90%
27.95%

0.66
0.89
0.09
0.23

1.49 0.68

Diagnostic Method of HP
ELISA
Histology

1.54
1.95

1.30–1.83
1.26–3.01

9.14%
42.20%

0.36
0.19

0.97 0.33

Age
< 60 years
≥ 60 years

1.53
1.63

1.19–1.98
1.33–2.00

0.00%
21.95%

0.45
0.23

0.14 0.71

Case-Control Continents
Africa
Asia
Europe

2.19
2.82
3.71

1.02–4.69
2.24–3.55
2.07–6.64

91.17%
73.09%
55.82%

0.00
0.00
0.08

1.24 0.54

Type of Glaucoma
PACG
PEG
POAG

1.73
0.59
3.71

1.04–2.90
0.27–1.25
2.93–4.70

0.00%
85.29%
63.98%

0.72
0.01
0.00

25.08 0.00

Diagnostic Method of HP
DIGFA
ELISA
Histology
UBT

2.58
2.55
4.06
3.01

1.20–5.52
1.87–3.46
2.28–7.22
2.12–4.28

71.34%
83.76%
37.21%
43.16%

0.06
0.00
0.19
0.10

2.14 0.54

Age
< 60 years
≥ 60 years

2.75
2.95

1.97–3.83
2.27–3.83

66.19%
75.69%

0.00
0.00

0.11 0.74
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common source or using tools with different methods 
to identify the desired outcome. Also, in addition to OR, 
meta-analysis RR was calculated.

In addition to these strengths, the Egger test results 
showed an evident and significant publication bias in the 
combination of studies included in our analysis. However, 
the cutting and filling method did not show publication 
bias. Nevertheless, despite a comprehensive search of all 
relevant articles, publication bias is still unavoidable.

The presence of our important confounding variables 
between glaucoma and Helicobacter pylori may help 
health policymakers, and clinical professionals make 
decisions. One of the limitations of this meta-analysis is 
the lack of subgroup analysis based on confounding vari-
ables based on the presence of chronic diseases such as 
diabetes, HTN, and … or parameters like BMI. This is the 
need for more reporting of the desired relationship in the 
present meta-analysis based on these variables in selected 
primary studies. Future studies should be conducted con-
sidering these variables with a large sample size.

Conclusions
The present study provided strong evidence regarding 
the relationship between HP and Glaucoma. Based on 
the results of this study, HP is considered a risk factor for 
Glaucoma, as well as its types, including POAG, NTG, 
and PXFG. Many factors can cause Glaucoma, and sim-
ply by eradicating Helicobacter pylori, we can’t expect 
that glaucoma will disappear; only perhaps its incidence 
will decrease. So, further studies and sufficient evidence 
on a larger scale are needed to show that the elimination 
of Helicobacter pylori infection positively impacts glau-
coma parameters.

Abbreviations
CI  Confidence Interval
ELISA  Enzyme-Linked Immunoassay
EMBASE  Excerpta Medica Database
HP  H. Pylori, Helicobacter Pylori
HTN  Hypertension
IOP  Intraocular Pressure
NOS  Newcastle Ottawa Scale
NTG  Normal-Tension Glaucoma
OR  Odd’s Ratio
PACG  Primary Angle-Closure Glaucoma
PMN  Polymorphonuclear cells
POAG  Primary Open-Angle Glaucoma
PRISMA  Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses
PXFG  Pseudo-Exfoliation Glaucoma
RCG  Retinal Ganglion Cell
RCT  Randomized controlled trial
ROS  Reactive Oxygen Species
RR  Risk Ratio
SACG  Secondary Angle-Closure Glaucoma
SD  Standard Deviation
SOAG  Secondary Open-Angle Glaucoma
UBT  Urea Breath Test

Acknowledgments
Not applicable.

Authors’ contributions
Conceptualization: EEA, YM.; Methodology: YM.; Software: YM.; Validation: EEA, 
YM.; Formal analysis and investigation: EEA, YM.; Resources: EEA, YM.; Writing—
original draft: EEA.; Writing—review and editing: EEA, YM.; Visualization: EEA, 
YM.; Supervision: EEA.; Project administration: EEA.; All authors read and 
approved the final manuscript.

Funding
The authors did not receive support from any organization for the submitted 
work.

Data Availability
The datasets used and analyzed during the current study are available from 
the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 10 January 2023 / Accepted: 22 August 2023

References
1. Hooi JKY, Lai WY, Ng WK, Suen MMY, Underwood FE, Tanyingoh D, Malfert-

heiner P, Graham DY, Wong VWS, Wu JCY, et al. Global prevalence of Helico-
bacter pylori infection: systematic review and Meta-analysis. Gastroenterol-
ogy. 2017;153(2):420–9.

2. Atilgan CU, Yozgat A, Kosekahya P, Goker YS, Sen E, Yetkin E, Kasapoglu B. 
Comparison of radial peripapillary capillary density results of individuals with 
and without Helicobacter pylori infection. Arquivos brasileiros de oftalmolo-
gia. 2022;85:286–93.

3. Takeuchi H, Okamoto A. Helicobacter pylori infection and chronic Immune 
Thrombocytopenia. J Clin Med. 2022;11(16):4822.

4. de Korwin JD, Ianiro G, Gibiino G, Gasbarrini A. Helicobacter pylori infection 
and extragastric diseases in 2017. Helicobacter. 2017;22:1.

5. Helicobacter pylori-Related Extraintestinal Manifestations—Myth or Reality. 
Children 2022, 9(9):1352.

6. Tsolaki F, Kountouras J, Topouzis F, Tsolaki M. Helicobacter pylori infection, 
dementia and primary open-angle glaucoma: are they connected? BMC 
Ophthalmol. 2015;15(1):1–4.

7. Gravina AG, Priadko K, Ciamarra P, Granata L, Facchiano A, Miranda A, Dallio 
M, Federico A, Romano M. Extra-gastric manifestations of Helicobacter pylori 
infection. J Clin Med. 2020;9(12):3887.

8. Wu Y, Szymanska M, Hu Y, Fazal MI, Jiang N, Yetisen AK, Cordeiro MF. Measures 
of disease activity in glaucoma. Biosens Bioelectron. 2022;196:113700.

9. Młynarczyk M, Falkowska M, Micun Z, Obuchowska I, Kochanowicz J, Socha 
K, Konopińska J. Diet, oxidative stress, and blood serum nutrients in various 
types of Glaucoma: a systematic review. Nutrients. 2022;14(7):1421.

10. Yadav KS, Rajpurohit R, Sharma S. Glaucoma: current treatment and impact of 
advanced drug delivery systems. Life Sci. 2019;221:362–76.

11. Ciulla L, Harris A, Geng J, Ip C, Serrano P, Gross J, Siesky B. The role of hyper-
tension in retinal blood flow alterations in open-angle glaucoma patients. 
Acta Ophthalmol. 2017;95(8):e794–5.

12. Dietze J, Blair K, Havens SJ. Glaucoma. In: StatPearls. edn. Treasure Island (FL): 
StatPearls Publishing Copyright © 2022, StatPearls Publishing LLC.; 2022.

13. Cook C, Foster P. Epidemiology of glaucoma: what’s new? Can J Ophthalmol. 
2012;47(3):223–6.

14. Tham YC, Li X, Wong TY, Quigley HA, Aung T, Cheng CY. Global prevalence of 
glaucoma and projections of glaucoma burden through 2040: a systematic 
review and meta-analysis. Ophthalmology. 2014;121(11):2081–90.



Page 13 of 13Ezzati Amini and Moradi BMC Ophthalmology          (2023) 23:374 

15. Fea AM, Novarese C, Caselgrandi P, Boscia G. Glaucoma treatment and hydro-
gel: current insights and state of the art. Gels. 2022;8(8):510.

16. Reis TF, Paula JS, Furtado JM. Primary glaucomas in adults: Epidemiology and 
public health-A review. Clin Exp Ophthalmol. 2022;50(2):128–42.

17. Stuart KV, Madjedi K, Luben RN, Chua SY, Warwick AN, Chia M, Pasquale LR, 
Wiggs JL, Kang JH, Hysi PG. Alcohol, intraocular pressure and open-angle 
glaucoma: a systematic review and meta-analysis. Ophthalmology 2022.

18. Kim JM, Kim SH, Park KH, Han SY, Shim HS. Investigation of the association 
between Helicobacter pylori infection and normal tension glaucoma. Inves-
tig Ophthalmol Vis Sci. 2011;52(2):665–8.

19. Kountouras J, Mylopoulos N, Boura P, Bessas C, Chatzopoulos D, Venizelos J, 
Zavos C. Relationship between Helicobacter pylori infection and glaucoma. 
Ophthalmology. 2001;108(3):599–604.

20. Zeng J, Liu H, Liu X, Ding C. The relationship between Helicobacter pylori 
infection and Open-Angle Glaucoma: a Meta-analysis. Invest Ophthalmol Vis 
Sci. 2015;56(9):5238–45.

21. Aldaas K, Challa P, Weber DJ, Fleischman D. Infections and glaucoma. Survey 
of Ophthalmology; 2021.

22. Lu W-Y, Luo C-W, Chen S-T, Kuan Y-H, Yang S-F, Sun H-Y. Comparison of medi-
cal comorbidity between patients with normal-tension Glaucoma and pri-
mary Open-Angle Glaucoma: a Population-Based study in Taiwan. Healthcare: 
2021: MDPI; 2021: 1509.

23. Kountouras J, Mylopoulos N, Chatzopoulos D, Zavos C, Boura P, Konstas 
AG, Venizelos J. Eradication of Helicobacter pylori may be beneficial in 
the management of chronic open-angle glaucoma. Arch Intern Med. 
2002;162(11):1237–44.

24. Kountouras J, Mylopoulos N, Konstas AG, Zavos C, Chatzopoulos D, Boukla 
A. Increased levels of Helicobacter pylori IgG antibodies in aqueous humor 
of patients with primary open-angle and exfoliation glaucoma. Graefes Arch 
Clin Exp Ophthalmol. 2003;241(11):884–90.

25. Abrishami M, Kargozar A, Rashed T, Shoeibi N, Attaranzadeh A. Association 
of helicobacter pylori infection with primary open angle glaucoma. Bina J 
Ophthalmol. 2007;12(3):289–93.

26. Ala S, Maleki I, Araghi AS, Sahebnasagh A, Shahraki A. Helicobacter pylori 
eradication in the management of glaucoma. Caspian J Intern Med. 
2020;11(2):143.

27. Zavos C, Kountouras J, Sakkias G, Venizelos I, Deretzi G, Arapoglou S. 
Histological presence of Helicobacter pylori bacteria in the trabeculum 
and iris of patients with primary open-angle glaucoma. Ophthalmic Res. 
2012;47(3):150–6.

28. Samarai V, Sharifi N, Nateghi S. Association between helicobacter pylori infec-
tion and primary open angle glaucoma. Global J Health Sci. 2014;6(7):13.

29. Sultana S, Khan N, Ghosh CK, Saleh AA, Islam MS. Association between Heli-
cobacter pylori infection and primary open-angle glaucoma. Bangabandhu 
Sheikh Mujib Medical University Journal. 2019;12(1):25–8.

30. Deshpande N, Lalitha P, Jethani J, Pillai RM, Robin A. Helicobacter pylori IgG 
antibodies in aqueous humor and serum of subjects with primary open 
angle and pseudo-exfoliation glaucoma in a south indian population. J 
Glaucoma. 2008;17(8):605–10.

31. Doulberis M, Papaefthymiou A, Polyzos SA, Bargiotas P, Liatsos C, Srivastava 
DS, Zavos C, Katsinelos P, Kountouras J. Association between active Helico-
bacter pylori infection and glaucoma: a systematic review and meta-analysis. 
Microorganisms. 2020;8(6):894.

32. Hong Y, Zhang C, Duan L, Wang W. Relationship between Helicobacter 
pylori infection and open angle glaucoma in China. Asian J Ophthalmol. 
2007;9:205–8.

33. PENG B, WANG M, ZHANG O, Fan Y. Relationship between helicobacter pylori 
infection and primary open-angle glaucoma. J Bethune Military Medical Col-
lege. 2012;10(6):459–61.

34. Wang S. Correlation between primary glaucoma and Helicobacter pylori 
infection in Jiangxi. Master’s Thesis 2014.

35. Raji MM, Tasneem AF, Nayak VI, Jafar FS, Ahmed Z, Indraja Y. The association 
between primary open-angle glaucoma and helicobacter pylori infection. J 
Clin Res Ophthalmol. 2021;8(2):036–42.

36. Xinjifu Q. Relationship between Helicobacter pylori infection and primary 
open-angle glaucoma. China Med Guide. 2017;14(6):132–4.

37. Zhang S, Du Y, Wang Y, Ding J, Yao X. Correlation between Helicobacter pylori 
infection and primary glaucoma in Baoding area. Chin J Gerontol 2016(23).

38. Zhou J. Study of the Association between Helicobacter Pylori infection 
and primary open angle Glaucoma in China. Int J Immunol Microbiol. 
2021;1(1):1–4.

39. Kurtz S, Regenbogen M, Goldiner I, Horowitz N, Moshkowitz M. No associa-
tion between Helicobacter pylori infection or CagA-bearing strains and 
glaucoma. J Glaucoma. 2008;17(3):223–6.

40. Galloway PH, Warner SJ, Morshed MG, Mikelberg FS. Helicobacter 
pylori infection and the risk for open-angle glaucoma. Ophthalmology. 
2003;110(5):922–5.

41. Jahadi HR, Mehrdad A, Razeghinezhad mR, Alborzi A, Obudi B, Rasekhi AR, 
Bagheri Lankarani K, Yazdchi T. RELATIONSHIP BETWEEN HELICOBACTER 
PYLORI AND OPEN-ANGLE GLAUCOMA. J Med Res. 2004;2(2):25–32.

42. Abd Elahi A, Zare R, Zare MA, Kazemi A. RELATIONSHIP BETWEEN HELICO-
BACTER PYLORI INFECTION AND PRIMARY OPEN - ANGLE GLAUCOMA. J Curr 
Ophthalmol. 2005;18(2):8.

43. Tuzcu EA, Aydogan F, Motor VK, Ilhan O, Daglıoglu MC, Coskun M, Parlakfikirer 
N, Keskin U. Investigation of the association between glaucoma and Helico-
bacter pylori infection using the 14 C-urea breath test. Arquivos brasileiros de 
oftalmologia. 2015;78:229–31.

44. Noche CD, Njajou O, Etoa F. No association between CagA-and VacA-Positive 
strains of Helicobacter pylori and Primary Open-Angle Glaucoma: a case–
control study. Ophthalmol eye Dis. 2016;8:OED.

45. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for 
systematic reviews and meta-analyses: the PRISMA statement. PLoS Med. 
2009;6(7):e1000097.

46. Cook DA, Reed DA. Appraising the quality of medical education research 
methods: the medical education research study quality instrument and the 
Newcastle–Ottawa scale-education. Acad Med. 2015;90(8):1067–76.

47. Moradi G, Soheili M, Rashti R, Dehghanbanadaki H, Nouri E, Zakaryaei F, 
Amini EE, Baiezeedi S, Ahmadi S, Moradi Y. The prevalence of hepatitis C and 
hepatitis B in lesbian, gay, bisexual and transgender populations: a systematic 
review and meta-analysis. Eur J Med Res. 2022;27(1):1–11.

48. Wan H, Wang Q, Guo Y, Liu S. Association between Helicobacter pylori 
infection and primary open angle glaucoma: a Meta analysis. Zhonghua 
Shiyan Yanke Zazhi/Chinese Journal of Experimental Ophthalmology. 
2016;34(7):639–44.

49. Alkaffas M, Aref A. Prevalence of Helicobacter pylori infection in patients with 
primary Open Angle Glaucoma. Egypt J Med Microbiol. 2022;31(2):19–22.

50. Izzotti A, Saccà SC, Bagnis A, Recupero SM. Glaucoma and Helico-
bacter pylori infection: correlations and controversies. Br J Ophthalmol. 
2009;93(11):1420–7.

51. Siomek A, Rytarowska A, Szaflarska-Poplawska A, Gackowski D, Rozalski R, 
Dziaman T, Czerwionka-Szaflarska M, Olinski R. Helicobacter pylori infec-
tion is associated with oxidatively damaged DNA in human leukocytes 
and decreased level of urinary 8-oxo-7,8-dihydroguanine. Carcinogenesis. 
2006;27(3):405–8.

52. El Miedany YM, Baddour M, Ahmed I, Fahmy H. Sjogren’s syndrome: concomi-
tant H. pylori infection and possible correlation with clinical parameters. Joint 
bone Spine. 2005;72(2):135–41.

53. Saccà SC, Izzotti A, Rossi P, Traverso C. Glaucomatous outflow pathway and 
oxidative stress. Exp Eye Res. 2007;84(3):389–99.

54. Müller A, Solnick JV. Inflammation, immunity, and vaccine development for 
Helicobacter pylori. Helicobacter. 2011;16(Suppl 1):26–32.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	Association between helicobacter pylori infection and primary open-angle glaucoma: a systematic review and meta-analysis
	Abstract
	Introduction
	Methods, search terms, and search strategies
	Eligibility criteria
	Selection and screening
	Data extraction and quality assessment
	Statistical analysis

	Results
	Qualitative results
	Quantitative results
	Publication bias
	Subgroup analysis
	Based on the geographical location
	Based on the type of glaucoma
	Based on the diagnostic method of HP
	Based on the age of participants in the study


	Discussion
	Conclusions
	References


