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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 (Cls) 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 | INTRODUCTION

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.>? CSU is
known to have a substantial impact on the quality of life.>* Thus, con-
siderable effort has been devoted to the identification of the patho-
genesis of CSU; however, it still remains to be fully elucidated.”

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.®® 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 | MATERIALS AND METHODS

This meta-analysis adhered to the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) principles (Table
51).7 The study quality was evaluated using the Risk Of Bias In Non-

randomized Studies of Interventions (ROBINS-I) tool.*°

Patients with CSU

HP infection

\ 4 v

HP (-) pts HP (+) pts

without HP eradication therapy

Eradication

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 (Gl) 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

v

HP (+) pts

with HP eradication therapy l

ANALYSIS I (Fig.2)

ANALYSIS I (Fig.3)

(+)

Success of HP
eradication Tx.

HP(+) pts
with HP eradication therapy
> HP eradication failure

HP (+) pts
with HP eradication therapy
- HP eradication success

ANALYSIS III (Fig.4)

FIGURE 1 Allocation diagrams of the chronic spontaneous urticaria (CSU) patients evaluated



30f10

>~
W
-
P2

KIM ET AL.

(senuiuod)

€/0 ¥1/8
8/¢ €/7
9/C LT/S
G/€ 0€/8
G/0 ST/6
8/C 89/C¢
¢/0 9T/€T
¢/0 L1/9
¥/0 Se/T
¢/0 9T/€1
€/0 (474"
€/0 Le/e
€/0 /L
e/ ¥1/¢

pajedipessuoN  pajedipesy

/v 6/1
€e/L /0
Se/1T 81/
61/9 L/0
(+) XL (CRE

uopjedipess 4  uoijesipess dH

(1)
OdW + 140D 10y

1) v

(£) OOV
(¥1) OOV

(4]
NVO 10 NVDOO
10 NVD 10 VO

¥/0 8/€
11/0 L1/€

1174 91/¢

(L)IN+ Lloy

or/T 16/0T

(¥T) OOV
(¥T) dOV
(#T) dONYV

S1/0 8T/L

(£) 10V

(£) 10V

(ST) OOV

(£) 10V

(£) 0OV

(£)1dd + oV
()30 + Wiy

(£) 10V

(shep)
uawiSau uonesipesy

(+)dH (-)dH

Adesay) uonesipeus dH J19)je
NSO Jo uolssiwaa 933|dwo)

sjuanjed aanisod-dH
ul NS Jo uoissiwal 939|dwo)

NS jo uoissiw
-24 snosuejuods

1dan

ASo
-[03siy + 1dN
14an

93| dH
-13ue wnJas

V3| ‘93| dH
-ljue wnJag

1an

14an
VSI13 + 19N
VvSI13 + 14an

14an

24n3|nNd Jo
19n 40 ASo
-|o3siy + 93|
dH-nue

wnJiag

A30
-[03sly + 19N

14an
14an
14an
14an

(vsI13) uad
-13ue |003s dH

poyjaw
uo12339p dH

LT
41

LT

6¢

1974

LS
17

(014
9L
8¢

9¢

6¢

€¢

[0}
1

14

sjuaned (+)
dH Jo 'ON

14
0s

1

oY

6S

13514

(014
(00) 9
9G

[474

0s

8¢

[44
14
9G
14

Z8

sjuaned
NSD 0 'ON

Auewian

pueazImMs

Aaxany

|oeus|

puejuL

puejul4

Auewany

02IX3|N
uepJof

ued|

Ay

uedefr

Aaxany

Ajey
uleds
£2.0)

uemie]

uedefr

Anuno)

czI® 3 2993l
zI© 39 J9pAUYdS

czIe 3
lizeAeg-eAexyzQ

2zIB 39 uasey

SNCEE LTy

e
auueyIN-400H

0218 39 B1wdH

PRIRERETEIN
z3|eZU0

ole 30 Imezzeyn
e g7l® 30 Meyeyo

19 lUllegseD

5le 32 epming

ol® 3 313

mﬁ_m
10 l[dwe)d 1

,71€ 32 uspneg
crle 32 10ud

SNEECNITS)

Lle ysery

Apms

sisAJeue [euly ay3 Ul PPN|OUI S3IPN3S ZZ Y3 JO SIfskisdeleyd T 374VL



L BaS  ficlicobacier e

1—comparison between CSU patients who are HP negative and HP

5 > = ‘% positive; analysis 2—comparison between HP-positive CSU patient
D g 5 8 who underwent HP eradication therapy and those who did not;
E—1 Q
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[=) [}
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<
'g severity. If a study was listed more than once, we used the most
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'g 3 £ Supplement.
8 IS - %) £
- o X o IN b5
O n|lax T ) < .
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% =} ._g :E standardized data extraction form. Discrepancies were resolved via
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S % % 2 3 J g and language of publication; (c) demographic characteristics of the
o
_ N study population (country, age, sex, number); (d) CSU inclusion cri-
~ I\
?2 = o § g g teria and method of assessment of HP infection status; (e) HP era-
e .. . . .
§ 3 - ¥ g diation regimen; (f) whether or not successful HP eradication was
-
% g ui confirmed; and (g) outcome (status regarding complete remission of
o —= -
| i - K < CSU symptoms).
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5
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L2 S22 2.5 | Statistical analysis
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5 g o lar for the justification of combining the results, which are reported
[}
3w 3 ° with 95% confidence intervals (Cls). Dichotomous outcomes were
= S . . . .
° é " - © - g E statistically analyzed by calculating the risk ratios (RRs). The pooled
=] [
z3 o S © ® 2 E RR estimates were calculated using the Mantel-Haenszel method.
Eﬂ: o Heterogeneity was assessed by deriving the I? statistic, which in-
= o
% % dicates the proportion of variation in the estimates of trial effects
> = . . .
;_: = © 3 'S attributable to heterogeneity (rather than sampling error). 1 values
— = o— E c )
ks 3 2 g S ﬁ s >50% and P-values (32 test) < .10 were taken to reflect substantial
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£ = © « s E z heterogeneity among the included studies. In such cases (1? > 50%),
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= © - « O
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- =8 ® S o = o . N .
w - § § B g S 2 S § plots and used Egger's test to assess any potential publication bias.
- O © = o < = L. . . .
: S zp g -§ I gﬁ R g 7 All statistical calculations were performed using STATA MP version
- N - > N 25Z 15.0 (Stata Corp).
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2.6 | Assessment of bias risk

The risk of bias was assessed using the ROBINS-I tool,*® 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-

» o«

sults. The risk of bias in each domain was categorized as “low”, “moder-

n o«

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 206-811-29 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% Cl
0.20-0.86, I? = 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% Cl 1.20-3.68, I?> = 0%; Figure 3).

Subgroup analysis revealed that patients treated with the standard

Study %
ID RR (95% CI) Weight
i
|
Ghaffari et al, 2007 (Abs) - : 0.08 (0.00, 1.28) 6.78
:
Hellmig et al, 2008 -+ 0.51 (0.07, 3.55) 13.96
|
I
Liutu et al, 1998 > 0.48 (0.06, 4.08) 11.60
|
|
|
Magen et al, 2013 -— 0.21 (0.01, 3.79) 6.38
|
|
Ozkaya Bayazit et al, 1998 - : 0.26 (0.02, 4.04) 6.93
|
|
Valsecchi and Pigatto, 1998 - 0.74 (0.05, 11.20) 7.09
:
Wedi et al, 1998 0.52 (0.18, 1.49) 47.25
Overall (I-squared = 0.0%, P =.888) 0.42 (0.20, 0.86) 100.00

NOTE: Weights are from random effects analysis

&

.00489 1

I
205

Favours(HP-negative pts) Favours(HP-positive pts)

FIGURE 2 Forest plot of chronic spontaneous urticaria (CSU) symptoms according to Helicobacter pylori (HP) infection
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Study %
ID RR (95% CI) Weight
i
standard triple therapy |
|
Fukuda et al, 2004 —e > 520(0.33,81.92) 4.14
|
Wedi et al, 1998 —i—o— 2.93(1.18,7.32) 37.65
Ozkaya Bayazit et al, 1998 : > 3.13(0.21,46.30) 4.33
Subtotal (I-squared = 0.0%, P =.924) <> 3.11 (1.36, 7.10) 46.12
|
:
|
other therapy :
|
Valsecchi and Pigatto, 1998 —e 3.29 (0.36, 30.00) 6.44
|
Hook Nikanne et al, 2000 —_— 1.13 (0.46, 2.76) 39.62
|
Schnyder et al, 1999 i - 3.27 (0.44,24.34) 7.82
Subtotal (I-squared = 0.0%,P = .471) <::|> 1.50 (0.70, 3.22) 53.88
:
|
Overall (l-squared =0.0%,P = .653) <> 2.10 (1.20, 3.68) 100.00
|
|
NOTE: Weights are from random effects analysis E

Favours(without HP eradication therapy)
Favours(with HP eradication therapy)

FIGURE 3

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, I? = 0%), whereas patients treated
with other regimens showed RR of 1.50 (95% Cl 0.70-3.22,
12 = 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% Cl 0.65-1.54, 1% = 6%; Figure 4). Subgroup
analysis by eradication regimen revealed no significant differ-
ences between the standard triple-therapy group (RR 1.08; 95%
Cl 0.66-1.77, 1> = 0%) and the other groups (RR 1.07; 95% ClI
0.33-3.46, 12 = 44.2%). In addition, we divided all trials into two
subgroups: treatment regimens with a duration of (a) 7 or 10 days
and (b) 214 days. CSU symptom improvement was more evident,
after longer-duration treatment; however, this observation lacked

statistical significance (Figure S2).

Improvement of chronic spontaneous urticaria (CSU) symptoms according to Helicobacter pylori (HP) eradication therapy

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



| Hclicobacter RIMIBSERAR
Study %
ID RR (95% CI) Weight
standard triple therapy
Akashi et al, 2011 -+ 0.43 (0.06, 3.33) 4.24
Choi et al, 2009 1.00 (0.06, 15.99) 2.37
Dauden et al, 2000 * 0.92 (0.05, 18.50) 2.03
Di Campli et al, 1998 - 4.76 (0.38,60.53) 2.80
Erel et al, 2000 * 0.58 (0.03, 12.23) 1.96
Fukuda et al, 2004 > 2.17 (0.16,29.28) 2.68
Gasbarrini et al, 1998 (Abs) > 4.76 (0.38,60.53) 2.80
Ghazzawi et al, 2004 — 1.29 (0.37, 4.51) 10.58
Gonzalez Morales et al, 2005 - > 7.13(0.49, 104.40) 2.52
Ozkaya Bayazit et al, 1998 —_— 0.88 (0.23, 3.40) 9.21
Wedi et al, 1998 B o ca— 1.33 (0.32, 5.51) 8.42
Yadav et al, 2008 * 2.74 (0.21,35.13) 2.79
Zheleznov et al,2018 —_—T 0.56 (0.22, 1.42) 17.21
Subtotal (I-squared = 0.0%,P = 0.587) <> 1.08 (0.66, 1.77) 69.61
other therapy
Chiu et al, 2013 - 5.00 (0.36, 69.34) 2.63
Hook Nikanne et al, 2000 —_— 0.44 (0.18, 1.13) 17.43
Schnyder et al, 1999 - 0.89 (0.14, 5.56) 5.24
Tebbe et al, 1996 > 4.53 (0.33,62.91) 262
Valsecchi and Pigatto, 1998 0.70 (0.05, 10.57) 2.47
Subtotal (I-squared =44.2%, P =.128) <> 1.07 (0.33, 3.46) 30.39
Overall (I-squared =6.2%,P =0.381) <> 1.00 (0.65, 1.54) 100.00
NOTE: Weights are from random effects analysis

Favours(eradication failure)
Favours(eradication success)

FIGURE 4

gastric cancer.%° 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.3"3? 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.’® 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.®®122?7 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

Improvement of chronic spontaneous urticaria (CSU) symptoms according to success of HP eradication

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.>*3¢ 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.'® Moreover, HP
virulence genes, such as cagA, vacA, and nap, induce proinflamma-
tory responses and may facilitate CSU development by triggering
systemic immune responses.>”*® Autoimmune reactions reflecting
inappropriate immune responses to HP antigen may also influence
the development of CSU.% Several studies have described associa-

tions between HP infection and autoimmune diseases such as ITP,
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thyroid autoimmunity, rheumatoid arthritis, and inflammatory bowel
disease.***® 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.®**
Zheleznov et al®’ 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-
ies*>4¢ 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 dysbiosis*48

and oral probiotics im-
proved skin symptoms in several studies.*”°° Intestinal microbiota is
considered to modulate skin dyshomeostasis via gut-skin axis,”? pos-
sibly by inducing systemic immunity to gut bacteria and migration
of such bacteria to the skin via the bloodstream.??>® 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.>* Even
if HP is eradicated, bacteria may not disappear completely; small
amounts may remain and regrow at a later time.”* 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 (PPls) in HP eradication regimens must be consid-
ered. PPls 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-1p, which in turn increases the inflammation and
thus possibly recruiting immune cells.>”¢0 Therefore, acid reduction
via PPIs may reduce these responses and also minimize food allergen
simulation caused by acid-induced damage to the gastric mucosa.®!

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.“’2 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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both.
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Risk of bias Specify any assessment of risk of bias that may affect the
across 15 cumulative evidence (e.g., publication bias, selective reporting #9
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eTable Il. Search strategy on MEDLINE, EMBASE, Cochrane Library, SCOPUS,

and Web of Science

No. of

Search strategy Result

MEDLINE

1. urticaria[TIAB] OR Urticarias[TIAB] OR hives[TIAB] 14226

2. "Urticaria"[Mesh] 15307

3.10R 221742

4. (Helicobacter[TIAB] AND (Infections[TIAB] OR pylori[TIAB] OR Infection[TIAB])) OR
"H.pylori"[TIAB] 40747 145
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
EMBASE

1. urticaria:ab,ti OR Urticarias:ab,ti OR hives:ab,ti 22082

2. 'urticaria'/exp 41809

3.1 0R 245702

4. (Helicobacter:ab,ti AND (Infections:ab,ti OR pylori:ab,ti OR Infection:ab,t)) 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

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
3.1and 2 256

4. 3 Refined by: [excluding] DOCUMENT TYPES: (REVIEW ) 219

SCOPUS

1. TITLE-ABS-KEY (urticaria OR urticarias OR hives) 44845

2. INDEXTERMS (urticaria) 35024

3.10R 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 561299

7.3 AND 6 446

8.7 AND (EXCLUDE (DOCTYPE, "re")) 338

Cochrane Library

1. (Urticaria OR Urticarias OR hives) :ti,ab,kw 2398

. MeSH descriptor:[Urticaria] explode all trees 675

.10R 2 2510

. (Helicobacter AND (Infections OR pylori OR Infection)) OR "H.pylori":ti,ab,kw 4569

. MeSH descriptor:[Helicobacter pylori] explode all trees 1914 28
. MeSH descriptor:[Helicobacter Infections] explode all trees 2014

.40R5 OR 64569

.3AND 7 28

. 8/Trials 28

No. of all results 1,076

No. of redundant 413

results

No. of final results 663

346

219

338
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eTable lll. 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)

e . Selection
. Classification Deviation L
Study Confounding Sele_ct_|on of of from intended Missing  Measurement of Overall
participants . . : . data of outcomes reported
interventions interventions
results

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
Assaociation. Reprinted with permission].
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eFigure 1. Flow diagram of studies in analysis.
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Study o ibgroup ents ota ents ota andom, 95%
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2.4.2 standared triple therapy(14days or more)
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Heterngenaity: Tau® = 1.26; Chi® = 4.32 df = 2 (P = 0.12); 17 = 54%

Test for overall effect: Z=0.12 (P =0.91)

2.4.4 other therapy(14days or more)iddays

Schnyder et al, 1992 1 3 3 8 52% 0.89 [0.14, 5.56] — &
Tebbe et al, 1996 8 14 0 3 26% 4.53[0.33, 62.91] |
Subtotal (95% CI) 17 11 7.9% 1.57 [0.30, 8.18] et
Total avents 9 3

Heterogeneity: Tau? = 0.21; Chi* = 1.16, df = 1 (P = 0.28); I* = 14%

Test for overall effect: Z = 0.54 (P = 0.59)

Total (95% CI) 402 68 100.0% 1.00 [0.65, 1.54] <>

Total events 144 15

Heterogeneily: Tau? = 0.05; Chi? = 18,13, di = 17 (P = 0.38); IF = 6% i 53 : 6 0

Test for overall effect; 2 =0.01 (P =0.99)

B : Favours [experimental] Favours [control]
Test for subgroup differances: Chi* = 1.24, df = 3 (P =0.74), I = 0%

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



Funnel plot with pseudo 95% confidence limits
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eFigure 3. Funnel plot of included studies for meta-analysis. RR, relative risk.
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