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Abstract
Background: Helicobacter pylori (HP) infection is considered to play a role in the 
pathogenesis of chronic spontaneous urticaria (CSU). However, the efficacy of HP 
eradication therapy on CSU symptom improvement has not been well established. 
This meta‐analysis was conducted to estimate the association between HP infection 
and CSU and to evaluate whether HP eradication therapy benefits patients with CSU.
Material and Methods: In October 2018, we searched databases for studies investi‐
gating the efficacy of HP eradication therapy for patients with CSU. Risk ratios (RRs) 
and 95% confidence intervals (CIs) were pooled using random effects models.
Results: The meta‐analysis included 22 studies with a total of 1385 patients with 
CSU. When comparing the spontaneous remission of urticarial symptom in patients 
with HP‐positive to HP‐negative patients, HP‐negative patients showed significantly 
higher spontaneous remission of urticarial symptoms. (risk ratio 0.39; 95% confidence 
interval: 0.19‐0.81). Among HP‐positive CSU patients, remission of CSU was more 
likely shown in HP eradication therapy group compared to untreated group, aside 
from achieving HP elimination (risk ratio 2.10; 95% confidence interval: 1.20‐3.68). 
However, there was no significant difference in the remission of CSU whether anti‐
biotic therapy was successful in eradication of HP or not (risk ratio 1.00; 95% confi‐
dence interval: 0.65‐1.54).
Conclusions: The results of this meta‐analysis show that HP might be associated with 
the occurrence and persistence of CSU. The effectiveness of HP eradication therapy 
in suppressing CSU symptoms was significant. Interestingly, we found that resolution 
of CSU was not associated with successful eradication of HP infection. CSU Patients 
who were undergone antibiotic therapy for HP eradication showed significant higher 
CSU remission with or without HP eradication. Further studies are recommended to 
evaluate the mechanisms associated with relation of HP with CSU.
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1  | INTRODUC TION

Chronic spontaneous urticaria (CSU) is a common skin disease charac‐
terized by the development of itchy wheals and/or angioedema with a 
duration of greater than 6 weeks without identifiable reason.1,2 CSU is 
known to have a substantial impact on the quality of life.3,4 Thus, con‐
siderable effort has been devoted to the identification of the patho‐
genesis of CSU; however, it still remains to be fully elucidated.5

A possible relationship between CSU and helicobacter pylori 
(HP) infection has often been suggested. Despite a number of stud‐
ies demonstrating HP as a potential trigger of CSU, other studies 
have failed to confirm this, even showing that the prevalence of HP 
infection was similar among CSU patients compared with healthy 
subjects.6-8 Furthermore, there exists conflicting research about the 
therapeutic effects of HP eradication in CSU patients. Therefore, 
the aim of this study was to explore whether HP infection and its 
eradication affected CSU symptoms using meta‐analysis. The allo‐
cation diagrams of all the evaluated CSU patients in the study are 
summarized in Figure 1.

2  | MATERIAL S AND METHODS

This meta‐analysis adhered to the Preferred Reporting Items for 
Systematic Reviews and Meta‐analyses (PRISMA) principles (Table 
S1).9 The study quality was evaluated using the Risk Of Bias In Non‐
randomized Studies of Interventions (ROBINS‐I) tool.10

2.1 | Literature search

We systematically searched the following literature databases from 
their dates of inception to October 2018 with no restrictions on lan‐
guage or publication year; MEDLINE, EMBASE, Cochrane Library, 
SCOPUS, and Web of Science. The keywords/subject headings used 
were “Helicobacter pylori” and “urticaria.” The search strategies were 
developed according to the indices of the various databases and 
based on a MEDLINE strategy (Table S2). Abstracts were reviewed, 
and their eligibility for the meta‐analysis was determined. In addition 
to the electronic search via databases, we also searched manually for 
additional relevant studies from the lists of references on the articles 
retrieved from the electronic search method.

2.2 | Eligibility criteria and study selection

Two reviewers independently selected studies that met the follow‐
ing inclusion criteria: (a) human studies; (b) urticaria of unknown 
etiology that lasted for at least 6 weeks in duration; (c) CSU pa‐
tients who have not achieved remission from conventional urti‐
carial treatments, such as antihistamines or glucocorticoids; (d) 
assessment of HP infection confirmed by either serology, urea 
breath test, or upper gastrointestinal (GI) tract endoscopic biopsy; 
(e) an illustration of the acceptable use of antibiotics known to be 
active against HP and an evaluation of its effects on CSU symp‐
toms; and, (f) use of appropriate comparison groups (as shown 
in Figure 1, three comparative analyses were included: analysis 

F I G U R E  1   Allocation diagrams of the chronic spontaneous urticaria (CSU) patients evaluated
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1—comparison between CSU patients who are HP negative and HP 
positive; analysis 2—comparison between HP‐positive CSU patient 
who underwent HP eradication therapy and those who did not; 
analysis 3—among HP‐positive CSU patients who underwent HP 
eradication therapy, a comparison between successful HP eradi‐
cation therapy and unsuccessful one). Reviews and case reports 
with fewer than 10 subjects were excluded and studies in which 
our predefined outcome data (required for analysis) were lacking 
were also excluded. Studies were not limited by age, sex, or disease 
severity. If a study was listed more than once, we used the most 
recent article. All exclusion criteria are listed in Figure S1 in the 
Supplement.

2.3 | Data extraction

Two reviewers independently extracted all data using a predefined 
standardized data extraction form. Discrepancies were resolved via 
discussion. We extracted the following variables: (a) authors; (b) year 
and language of publication; (c) demographic characteristics of the 
study population (country, age, sex, number); (d) CSU inclusion cri‐
teria and method of assessment of HP infection status; (e) HP era‐
diation regimen; (f) whether or not successful HP eradication was 
confirmed; and (g) outcome (status regarding complete remission of 
CSU symptoms).

2.4 | Outcome assessment

We chose complete remission of CSU symptoms as the outcome 
measure, regardless of whether this was the primary or secondary 
outcome of an individual study. We compared the improvements in 
CSU symptoms with respect to whether HP eradication was per‐
formed and whether HP eradication was successful. In addition, 
we subanalyzed the outcomes by the HP eradication regimens and 
treatment durations.

2.5 | Statistical analysis

We performed pooled analyses using random‐effects weighting to 
analyze the outcomes of multiple studies that were sufficiently simi‐
lar for the justification of combining the results, which are reported 
with 95% confidence intervals (CIs). Dichotomous outcomes were 
statistically analyzed by calculating the risk ratios (RRs). The pooled 
RR estimates were calculated using the Mantel‐Haenszel method. 
Heterogeneity was assessed by deriving the I2 statistic, which in‐
dicates the proportion of variation in the estimates of trial effects 
attributable to heterogeneity (rather than sampling error). I2 values 
>50% and P‐values (χ2 test) <  .10 were taken to reflect substantial 
heterogeneity among the included studies. In such cases (I2 > 50%), 
we planned to explore the characteristics of studies and those of 
subgroups of the main body of evidence. We drew forest and funnel 
plots and used Egger's test to assess any potential publication bias. 
All statistical calculations were performed using STATA MP version 
15.0 (Stata Corp).St
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2.6 | Assessment of bias risk

The risk of bias was assessed using the ROBINS‐I tool,10 which evalu‐
ates any biases caused by confounding factors, patient selection, clas‐
sification of interventions, deviations from intended interventions, 
missing data, outcome measurements, and selection of reported re‐
sults. The risk of bias in each domain was categorized as “low”, “moder‐
ate”, “serious”, or “critical”.

3  | RESULTS

3.1 | Study identification and characteristics

The database search yielded 1076 abstracts; we removed duplicates 
and screened the remaining 663 studies. Additional 622 studies were 
excluded because they did not meet the selection criteria. Among the 
remaining 41 studies, we identified 22 studies that were relevant, and 
excluded 19 studies (9 for having inadequate outcome data; 6 for lack‐
ing appropriate control groups; and 4 for being laboratory‐based stud‐
ies). The selection process is shown in Figure S1 in the Supplement. 
Ultimately, 22 studies were included in meta‐analysis.

Among the 226-8,11-29 studies, a total of 1385 CSU patients, who 
were all assessed and diagnosed by dermatologists, were enrolled. 
The characteristics of the included studies are listed in Table 1. The 
sample sizes ranged from 20 to 231.

We initially analyzed the spontaneous CSU symptom remission 
in HP‐positive and HP‐negative CSU patients and then explored the 
effects of HP eradication therapy on CSU symptom improvement 
among HP‐positive CSU patients. Finally, we evaluated differences 
in CSU remission levels according to whether the antibiotic therapy 
for HP eradication was successful.

3.2 | Effect of Helicobacter pylori infection on 
CSU symptoms

When HP infection was not treated via eradication therapy, the 
HP‐negative group exhibited significantly greater spontaneous CSU 
symptom remission than the HP‐positive group (RR 0.42; 95% CI 
0.20‐0.86, I2 = 0%) (Figure 2).

3.3 | Benefits of Helicobacter pylori 
eradication therapy in terms of CSU symptoms

3.3.1 | Helicobacter pylori ‐treated 
vs nontreated patients

Helicobacter pylori eradication therapy significantly improved CSU 
symptoms in HP‐positive CSU patients compared with the non‐
treated patients (RR 2.10; 95% CI 1.20‐3.68, I2  =  0%; Figure 3). 
Subgroup analysis revealed that patients treated with the standard 

F I G U R E  2   Forest plot of chronic spontaneous urticaria (CSU) symptoms according to Helicobacter pylori (HP) infection
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triple therapy (a proton‐pump inhibitor, clarithromycin, and amoxi‐
cillin) exhibited significant improvements in CSU symptoms with a 
RR of 3.11 (95% CI 1.36‐7.10, I2 = 0%), whereas patients treated 
with other regimens showed RR of 1.50 (95% CI 0.70‐3.22, 
I2 = 0%).

3.3.2 | Successful vs failed Helicobacter pylori 
eradication

No significant difference in CSU symptom improvement was 
evident between initially HP‐positive CSU patients who did and 
did not fail HP eradication despite appropriate HP eradication 
therapy (RR 1.00; 95% CI 0.65‐1.54, I2 = 6%; Figure 4). Subgroup 
analysis by eradication regimen revealed no significant differ‐
ences between the standard triple‐therapy group (RR 1.08; 95% 
CI 0.66‐1.77, I2  =  0%) and the other groups (RR 1.07; 95% CI 
0.33‐3.46, I2 = 44.2%). In addition, we divided all trials into two 
subgroups: treatment regimens with a duration of (a) 7 or 10 days 
and (b) ≥14 days. CSU symptom improvement was more evident, 
after longer‐duration treatment; however, this observation lacked 
statistical significance (Figure S2).

3.4 | Risk of bias in included studies

The risk of bias was explored using ROBINS‐I (Table S3). Nineteen 
studies were at serious risk for overall bias, and three were at mod‐
erate risk.

3.5 | Publication bias

Visual inspection of the funnel plot suggested a degree of asymmetry 
(Figure S3) and the Egger test revealed significant publication bias 
(P =  .003). We performed additional trim and fill analyses to assess 
the impact of unpublished studies on our results. However, even after 
the adjustment of the effect size to counter potential publication bias, 
there was no change in the results. Thus, publication bias may have 
been present, but likely marginal impact on our study results.

4  | DISCUSSION

Helicobacter pylori is a Gram‐negative spiral‐shaped bacterium of 
the gastric epithelium causing chronic gastritis, peptic ulcers, and 

F I G U R E  3   Improvement of chronic spontaneous urticaria (CSU) symptoms according to Helicobacter pylori (HP) eradication therapy
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gastric cancer.30 Despite decreasing incidence of HP infection in 
highly industrialized countries, its prevalence remains relatively high 
in most developing countries and is still a major public health burden 
worldwide.31,32 Recent evidence suggests that HP infection is asso‐
ciated with a variety of skin diseases, including chronic spontaneous 
urticaria, Henoch‐Schonlein purpura, idiopathic thrombocytopenic 
purpura (ITP), atopic dermatitis, psoriasis, and rosacea.33 However, 
dermatologists seem to be unaware of the possible impact of HP 
on cutaneous pathology; the role of HP in these skin diseases re‐
mains contentious. To date, whether there is an association between 
HP infection and CSU remains unclear.6-8,12,27 The findings of our 
meta‐analysis revealed that HP eradication therapy significantly im‐
proved CSU symptoms in HP‐positive CSU patients. Notably, CSU 
resolution was not necessarily associated with the success of HP 
eradication. In the absence of eradication therapy, the HP‐negative 

group exhibited a significantly higher CSU remission rate than the 
HP‐positive group.

The direct effects of HP, including immunoglobulins, HP virulence 
genes, autoimmune reactions, have been considered in CSU devel‐
opment. Immunoglobulin (Ig) G, IgA, and IgE antibodies against HP 
antigens were detected in some studies.34-36 The release of proinflam‐
matory cytokines, granulocyte attraction, as well as B‐ and T‐cell–me‐
diated responses, is elevated in HP‐positive patients, which may all 
contribute to the development of urticarial lesions.15 Moreover, HP 
virulence genes, such as cagA, vacA, and nap, induce proinflamma‐
tory responses and may facilitate CSU development by triggering 
systemic immune responses.37,38 Autoimmune reactions reflecting 
inappropriate immune responses to HP antigen may also influence 
the development of CSU.39 Several studies have described associa‐
tions between HP infection and autoimmune diseases such as ITP, 

F I G U R E  4   Improvement of chronic spontaneous urticaria (CSU) symptoms according to success of HP eradication
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thyroid autoimmunity, rheumatoid arthritis, and inflammatory bowel 
disease.40-43 Moreover, enhanced gastric permeability may also play 
a role; CSU is associated with a pseudo‐allergy to food and increased 
permeability of the gastric mucosa, since damage caused by HP may 
give rise to inappropriate immunorecognition of food allergens.6,44 
Zheleznov et al29 reported significant differences in urticarial symp‐
tom improvement between those in whom erosions did and did not 
heal. Gastric mucosal inflammation itself may possibly be relevant.

There are several hypotheses on the mechanisms of antibiot‐
ics with respect to the eradication of HP and improvement of CSU. 
First, the antibiotics used for HP eradication may have corrected 
both HP itself and also the associated gut dysbiosis. Several stud‐
ies45,46 demonstrated that HP‐positive samples exhibited decreased 
gastric microbiotic diversity; this suggests that HP infection may 
likely trigger dysbiosis of the gut microbiota, which in turn affects 
the immune system, potentially initiating the development of CSU. 
Various skin diseases such as acne, atopic dermatitis, and psoriasis 
are considered as examples of dysbiosis47,48 and oral probiotics im‐
proved skin symptoms in several studies.49,50 Intestinal microbiota is 
considered to modulate skin dyshomeostasis via gut‐skin axis,51 pos‐
sibly by inducing systemic immunity to gut bacteria and migration 
of such bacteria to the skin via the bloodstream.52,53 Second, if the 
HP population is reduced via antimicrobial treatment, CSU remission 
may be induced even if HP eradication is incomplete. The severity 
of CSU symptoms may vary by the extent of HP infection.54 Even 
if HP is eradicated, bacteria may not disappear completely; small 
amounts may remain and regrow at a later time.54 The test used to 
detect eradication does not guarantee full and complete elimination 
of all bacteria. Third, the host immune response to high‐dose proton‐
pump inhibitors (PPIs) in HP eradication regimens must be consid‐
ered. PPIs may directly affect the immune response via the inhibition 
of gastric acid production.55-58 It has been shown that exposure to 
acid enhances the expression of adhesion molecules and cytokines, 
such as IL‐8 and IL‐1β, which in turn increases the inflammation and 
thus possibly recruiting immune cells.59,60 Therefore, acid reduction 
via PPIs may reduce these responses and also minimize food allergen 
simulation caused by acid‐induced damage to the gastric mucosa.61

Subgroup analysis revealed that patients treated with the stan‐
dard triple therapy showed significant improvements in CSU symp‐
toms compared with nontreated HP‐positive patients, whereas 
patients treated with other regimens did not show significant im‐
provements. Thus, antibiotic combinations that include clarithromy‐
cin and amoxicillin, which are both components of the standard triple 
therapy, may more effectively improve CSU symptoms.62 Although 
the detailed mechanisms remain unclear, the results suggest that the 
antibiotics of the standard triple‐therapy regimen afford secondary 
benefits, such as eradication of certain non‐HP bacteria.

Chronic spontaneous urticaria could be a considerable burden to 
patients and clinicians, because it is sometimes extremely difficult to 
treat, and a cause is often not be identified, even after a thorough exam‐
ination. Our study suggests that clinicians, after considering other po‐
tential triggers of CSU, need to consider diagnostic workup for HP, and 
if present, appropriate HP eradication therapy should be considered.

Our study has several limitations. First, substantial between‐
study heterogeneity was evident in terms of both CSU treatments 
and HP eradication regimens. Second, despite the geographical 
variance of HP‐related disease with respect to public sanitation 
conditions, we lacked data to perform such subgroup analyses. 
Third, CSU development is influenced by age, sex, and systemic dis‐
ease status. Fourth, our sample size was small. In the near future, 
well‐designed trials with a large number of patients varying in eth‐
nicity are required. Randomized controlled trials are also needed 
to further explore the effects of HP eradication therapy on CSU 
symptoms.

Our findings suggest that HP infection may underpin CSU devel‐
opment and that antibiotic therapy potentially eradicating HP may 
improve CSU symptoms in HP‐positive CSU patients. The underlying 
pathogenic mechanism requires further study, as does the utility of 
HP eradication in CSU patients.
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SUPPLEMENTAL TABLES
eTable I. Preferred Reporting Items for Systematic Reviews and Meta-analyses
2009 checklist

Section/Topic No. Checklist item
Reported
on page

no.
Title

Title 1 Identify the report as a systematic review, meta-analysis, or
both. #1

Abstract

Structured
summary 2

Provide a structured summary including, as applicable:
background; objectives; data sources; study eligibility criteria,
participants, and interventions; study appraisal and synthesis
methods; results; limitations; conclusions and implications of
key findings; and systematic review registration number.

#4. #5

Introduction

Rationale 3 Describe the rationale for the review in the context of what is
already known. #6

Objectives 4
Provide an explicit statement of questions being addressed with
reference to participants, interventions, comparisons,
outcomes, and study design (PICOS).

#6

Methods

Protocol and
registration 5

Indicate if a review protocol exists, if and where it can be
accessed (e.g., Web address), and, if available, provide
registration information including registration number.

#6

Eligibility
criteria 6

Specify study characteristics (e.g., PICOS, length of follow-up)
and report characteristics (e.g., years considered, language,
publication status) used as criteria for eligibility, giving rationale.

#7, #8

Information
sources 7

Describe all information sources (e.g., databases with dates of
coverage, contact with study authors to identify additional
studies) in the search and date last searched.

#6, #7

Search 8 Present full electronic search strategy for at least one database,
including any limits used, such that it could be repeated. #7

Study
selection 9

State the process for selecting studies (e.g., screening,
eligibility, included in systematic review, and, if applicable,
included in the meta-analysis).

#7, #8

Data
collection
process

10
Describe method of data extraction from reports (e.g., piloted
forms, independently, in duplicate) and any processes for
obtaining and confirming data from investigators.

#8

Data items 11
List and define all variables for which data were sought (e.g.,
PICOS, funding sources) and any assumptions and
simplifications made.

#8

Risk of bias
in individual
studies

12

Describe methods used for assessing risk of bias of individual
studies (including specification of whether this was done at the
study or outcome level), and how this information is to be used
in any data synthesis.

#9

Summary
measures 13 State the principal summary measures (e.g., risk ratio,

difference in means). #8, #9

Synthesis of
results 14

Describe the methods of handling data and combining results of
studies, if done, including measures of consistency (e.g., I2) for
each meta-analysis.

#8, #9

Risk of bias
across
studies

15
Specify any assessment of risk of bias that may affect the
cumulative evidence (e.g., publication bias, selective reporting
within studies).

#9

Additional 16 Describe methods of additional analyses (e.g., sensitivity or #8, #9



analyses subgroup analyses, meta-regression), if done, indicating which
were pre-specified.

Results

Study
selection 17

Give numbers of studies screened, assessed for eligibility, and
included in the review, with reasons for exclusions at each stage,
ideally with a flow diagram.

#9, #10

Study
characteristic
s

18
For each study, present characteristics for which data were
extracted (e.g., study size, PICOS, follow-up period) and provide
the citations.

#10

Risk of bias
within studies 19 Present data on risk of bias of each study and, if available, any

outcome level assessment (see item 12). #11

Results of
individual
studies

20

For all outcomes considered (benefits or harms), present, for
each study: (a) simple summary data for each intervention group
(b) effect estimates and confidence intervals, ideally with a forest
plot.

#10, #11

Synthesis of
results 21 Present results of each meta-analysis done, including confidence

intervals and measures of consistency. #10, #11

Risk of bias
across
studies

22 Present results of any assessment of risk of bias across studies
(see item 15). #11

Additional
analysis 23 Give results of additional analyses, if done (e.g., sensitivity or

subgroup analyses, meta-regression [see item 16]). #10, #11

Discussion

Summary of
evidence 24

Summarize the main findings including the strength of evidence
for each main outcome; consider their relevance to key groups
(e.g., healthcare providers, users, and policy makers).

#12, #14

Limitations 25
Discuss limitations at study and outcome level (e.g., risk of bias),
and at review-level (e.g., incomplete retrieval of identified
research, reporting bias).

#14

Conclusions 26 Provide a general interpretation of the results in the context of
other evidence, and implications for future research. #15

Funding

Funding 27
Describe sources of funding for the systematic review and other
support (e.g., supply of data); role of funders for the systematic
review.

#17



eTable II. Search strategy on MEDLINE, EMBASE, Cochrane Library, SCOPUS,

and Web of Science

Search strategy No. of
Result

MEDLINE
1. urticaria[TIAB] OR Urticarias[TIAB] OR hives[TIAB] 14226
2. "Urticaria"[Mesh] 15307
3. 1 OR 2 21742
4. (Helicobacter[TIAB] AND (Infections[TIAB] OR pylori[TIAB] OR Infection[TIAB])) OR
"H.pylori"[TIAB] 40747
5. "Helicobacter pylori"[Mesh] OR "Helicobacter Infections"[Mesh] 35504
6. 4 OR 5 44090
7. 3 AND 6 193
8. 7 NOT "review"[Publication Type] OR "review literature as topic"[MeSH Terms] 145

145

EMBASE
1. urticaria:ab,ti OR Urticarias:ab,ti OR hives:ab,ti 22082
2. 'urticaria'/exp 41809
3. 1 OR 2 45702
4. (Helicobacter:ab,ti AND (Infections:ab,ti OR pylori:ab,ti OR Infection:ab,ti)) OR
"H.pylori":ab,ti 55991
5. 'helicobacter pylori'/exp OR 'helicobacter infection'/exp 62005
6. 4 OR 5 68090
7. 3 AND 6 514
8. 7 NOT 'review'/it 408
9. 8 NOT 'nonhuman'/de 346

346

Web of Science
1. TOPIC: (urticaria OR Urticarias OR hives) OR TITLE: (urticaria OR Urticarias OR hives)
19100
2. TOPIC: ((Helicobacter AND (Infections OR pylori OR Infection )) OR "H.pylori") OR
TITLE: ((Helicobacter AND (Infections OR pylori OR Infection )) OR "H.pylori") 65757
3. 1 and 2  256
4. 3 Refined by: [excluding] DOCUMENT TYPES: ( REVIEW )  219

219

SCOPUS
1. TITLE-ABS-KEY (urticaria  OR  urticarias  OR  hives)   44845
2. INDEXTERMS (urticaria)  35024
3. 1 OR 2  44845
4. TITLE-ABS-KEY((helicobacter  AND  (infections OR pylori OR infection)) OR
"H.pylori" )  612995
5. INDEXTERMS ( "Helicobacter pylori"  OR "Helicobacter Infections" ) 55089
6. 4 OR 5 61299
7. 3 AND 6 446
8. 7 AND  ( EXCLUDE ( DOCTYPE ,  "re" ) ) 338

338

Cochrane Library
1. (Urticaria OR Urticarias OR hives) :ti,ab,kw 2398
2. MeSH descriptor:[Urticaria] explode all trees 675
3. 1 OR 2 2510
4. (Helicobacter AND (Infections OR pylori OR Infection)) OR "H.pylori":ti,ab,kw 4569
5. MeSH descriptor:[Helicobacter pylori] explode all trees 1914
6. MeSH descriptor:[Helicobacter Infections] explode all trees 2014
7. 4 OR 5  OR 6 4569
8. 3 AND 7 28
9. 8/Trials 28

28

No. of all results 1,076
No. of redundant
results 413

No. of final results 663



eTable III. Risk of bias judgments of included studies (risk of bias in seven different domains according to the Risk Of Bias In
Non-randomized Studies of Interventions-I tool)

Study Confounding Selection of
participants

Classification
of

interventions

Deviation
from intended
interventions

Missing
data

Measurement
of outcomes

Selection
of

reported
results

Overall

Akashi et al, 2011 Moderate Moderate Low Moderate Moderate Moderate Moderate Moderate
Chiu et al, 2013 Serious Moderate Low Moderate Moderate Moderate Moderate Serious
Choi et al, 2009 Serious Moderate Low Moderate Moderate Moderate Moderate Serious
Dauden et al, 2000 Moderate Moderate Low Moderate Moderate Moderate Moderate Moderate
Di Campli et al, 1998 Serious Moderate Low Moderate Moderate Moderate Moderate Serious
Erel et al, 2000 Serious Moderate Low Moderate Moderate Moderate Moderate Serious
Fukuda et al, 2004 Serious Moderate Low Moderate Moderate Serious Moderate Serious
Gasbarrini et al, 1998 Serious Moderate Low Moderate Moderate Moderate Moderate Serious
Ghaffari et al, 2007 Serious Moderate Low Moderate Moderate Serious Moderate Serious
Ghazzawi et al, 2004 Serious Moderate Low Moderate Moderate Moderate Moderate Serious
Gonzalez Morales et al, 2005 Serious Moderate Low Moderate Moderate Moderate Moderate Serious
Hellmig et al, 2008 Serious Moderate Low Moderate Moderate Serious Moderate Serious
Hook-Nikanne et al, 2000 Serious Moderate Low Moderate Moderate Serious Moderate Serious
Liutu et al, 1998 Serious Moderate Low Moderate Moderate Serious Moderate Serious
Magen et al, 2013 Moderate Moderate Low Moderate Moderate Serious Moderate Serious
Ozkaya Bayazit et al, 1998 Serious Moderate Low Moderate Moderate Serious Moderate Serious
Schnyder et al, 1999 Serious Moderate Low Moderate Moderate Serious Moderate Serious
Tebbe et al, 1996 Serious Moderate Low Moderate Moderate Moderate Moderate Serious
Valsecchi and Pigatto, 1998 Serious Moderate Low Moderate Moderate Serious Moderate Serious
Wedi et al, 1998 Moderate Moderate Low Moderate Moderate Serious Moderate Serious
Yadav et al, 2008 Moderate Moderate Low Moderate Moderate Moderate Moderate Moderate
Zheleznov et al, 2018 Serious Moderate Low Moderate Moderate Moderate Moderate Serious

[Reprinted from "ROBINS-I: a tool for assessing risk of bias in non-randomized studies of interventions.", by Sterne, et al., 2016, BMJ, 355, pp.i4919. Copyright 2016 by the British Medical
Association. Reprinted with permission].



SUPPLEMENTAL FIGURE LEGENDS

eFigure 1. Flow diagram of studies in analysis.



eFigure 2. Forest plot showing subgroup analysis in Helicobacter pylori eradication
therapy group according to treatment regimens and durations. RR, relative risk; CI,
confidence interval.



eFigure 3. Funnel plot of included studies for meta-analysis. RR, relative risk.
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