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Background: Helicobacter pylori (H. pylori) infection is one of the most
common chronic bacterial infections worldwide. The resistance of H. pylori
to antibiotics may increase the risk of treatment failure. Complementary and
alternative regimens are still needed. This study aimed to critically assess the
efficacy and safety of Jinghua Weikang capsule (JWC) for H. pylori eradication.

Materials and methods: PubMed, Embase, Web of Science, Cochrane library,
China National Knowledge Infrastructure, Wanfang Digital Periodicals, and
Chinese Science and Technology Periodicals database were searched from
inception to April 2022. Randomized controlled trials (RCTs) comparing a
combination of JWC and conventional treatments with conventional
treatments alone or combined with a placebo for H. pylori eradication were
considered for inclusion. The primary outcome was H. pylori eradication rate.
The meta-analysis and trial sequential analysis (TSA) were conducted where
possible.

Results: A total of 34 studies were included in the statistical analysis. A pooled
result showed that JWC with the duration of 2 weeks combined with the triple/
quadruple therapy could significantly increase the H. pylori eradication rate
compared with the triple/quadruple therapy alone (RR: 1.13, 95% Cl: 1.05to 1.21,
p = 0.0008). However, the evidence of benefit was not confirmed by TSA.
Another pooled result showed that JWC with the duration of 4 weeks combined
with the triple/quadruple therapy could significantly increase the H. pylori
eradication rate compared with the triple/quadruple therapy alone (RR: 1.21,
95% Cl: 1.15 to 1.27, p < 0.00001). The evidence of benefit was confirmed by
TSA. There were no statistically significant differences in the incidence of
adverse reactions between the two groups.

Conclusion: The present study suggests that JWC with the duration of 4 weeks
can significantly improve the H. pylori eradication rate and should be
considered as a complementary treatment to conventional regimens for H.
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pylori eradication. However, more high-quality RCTs are still needed to confirm

these findings.

KEYWORDS

Jinghua Weikang capsule, Helicobacter pylori eradication, triple therapy, quadruple
therapy, systematic review

1 Introduction

Helicobacter pylori (H. pylori) belongs to gram-negative
bacteria (IARC Working Group on the Evaluation of
Carcinogenic Risks to Humans, 2012). H. pylori infection is
one of the most common chronic bacterial infections
worldwide (Randel, 2018). More than 50% of the population
is infected by H. pylori in the world. However, the prevalence of
H. pylori infection varies across regions and countries (Hooi
et al,, 2017). H. pylori infection may be associated with multiple
factors, such as socioeconomic status and health care resources
(Hooi et al., 2017). It may contribute to some gastrointestinal
diseases, such as gastritis and peptic ulcer (Malfertheiner et al.,
2007; Malfertheiner et al., 2017). H. pylori has been classified as
carcinogenic to humans by the International Agency for
Research on Cancer (IARC Working Group on the Evaluation
of Carcinogenic Risks to Humans, 2012). It can increase the risk
of gastric cancer (Torre et al., 2015; Machlowska et al., 2020).
However, a systematic review has shown that the incidence of
gastric cancer can be significantly reduced by eradicating H.
pylori (Lee et al., 2016).

Many drugs can be used for H. pylori eradication, such as
proton pump inhibitors (PPIs), clarithromycin, amoxicillin, and
metronidazole. Multiple combinations of these drugs, such as
clarithromycin triple therapy and bismuth quadruple therapy,
have been recommended for eradicating H. pylori according to
practice  guidelines from the American College of
Gastroenterology (Chey et al, 2017). A recent systematic
review showed that the pooled prevalence rate of H. pylori
resistance to clarithromycin, metronidazole, or levofloxacin

was more than 15% (Savoldi et al, 2018). It is noteworthy

TABLE 1 Main components of the Jinghua Weikang capsule.

Formulation Source

Jinghua Weikang
capsule

Tasly pharmaceutical group
Co., Ltd, Tianjin, China Mosyakin & Clemants
Family: Amaranthaceae Juss
Genus: Dysphania R.Br

2. Adina pilulifera (Lam.)
Franch. ex Drake

Family: Rubiaceae Juss

Genus: Adina Salisb

Frontiers in Pharmacology 02

Species, family, genus

1. Dysphania ambrosioides (L.)

that the resistance of H. pylori to antibiotics may increase the
risk of treatment failure (Chey et al., 2017; Shiotani et al., 2017).
However, the development of new antibiotics has not met the
needs for gram-negative organism eradication at present
(Laxminarayan et al, 2020). Therefore, complementary and
alternative regimens are still needed (Savoldi et al., 2018).

Traditional Chinese medicine (TCM) has been attracting
attention for H. pylori eradication (Li et al., 2021a; Li et al., 2021b;
Zhong et al., 2022). Jinghua Weikang capsule (JWC) as a specific
TCM is composed of Dysphania ambrosioides (L.) Mosyakin &
Clemants and Adina pilulifera (Lam.) Franch. ex Drake described
in Table 1 (Chen, 2005; Zhu et al., 2012; Shi et al., 2018). Some
randomized controlled trials (RCTs) have investigated the
efficacy of JWC for H. pylori eradication (Zhou, 2008; Zhang,
2012a; Bai, 2012; Zhang, 2012b; Zhang Y., 2013a). The results
showed that JWC might be beneficial for H. pylori eradication.
However, these trials have a relatively small sample size and have
been not comprehensively searched and combined to increase
the power and improve the precision of the estimated
intervention effects due to the lack of a high-quality
systematic review on this topic. Therefore, this systematic
review was conducted to critically assess the efficacy and
safety of JWC for H. pylori eradication.

2 Materials and methods

This study was registered on PROSPERO (No.
CRD42022315488) available from: https://www.crd.york.ac.uk/
prospero/display_record.php?ID=CRD42022315488. It was
conducted following the Preferred Reporting Items for

Quality control reported Chemical

(Y/N) analysis
reported
(Y/N)

Y—Chen, 2005; Zhu
et al., 2012

Y—Prepared according to the state food and drug
administration, national drug standards [WS$3-404 (Z-
058)-2001(Z)-2007]
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Systematic reviews and Meta-Analyses (PRISMA) statement
(Page et al,, 2021).

2.1 Inclusion and exclusion criteria

2.1.1 Type of included studies
RCTs were considered for inclusion, regardless of publication
date and language. Abstracts, letters, and comments were deleted.

2.1.2 Patients

H. pylori-infected patients were included, regardless of age,
gender, race, or nationality. Gastrointestinal diseases, such as
gastritis and peptic ulcer, were unlimited because they may be
associated with H. pylori infection. H. pylori infection should be
tested by internationally recognized methods, such as endoscopic
biopsy and a urea breath test (Randel, 2018).

2.1.3 Interventions

A combination of JWC and conventional treatments was
used in the experimental group. Comparator interventions
included conventional treatments alone or combined with a
placebo. Dosage, frequency, and duration were unlimited.
Conventional treatments refer to regimens recommended for
H. pylori eradication by clinical guidelines, such as
clarithromycin triple therapy and bismuth quadruple therapy

(Randel, 2018).

2.1.4 Outcomes

The primary outcome was H. pylori eradication rate. The
secondary outcomes included H. pylori recurrence rate, cure rate,
response rate, and incidence of adverse reactions (such as nausea,
diarrhea, dizziness, and constipation). The cure rate was
expressed as a percentage of the number of well-healed
patients with gastritis or peptic ulcer divided by the total
number of patients in a certain group. The cure was defined
as the disappearance of clinical symptoms associated with
gastritis or peptic ulcer. The response rate was expressed as a
percentage of the number of patients meeting the “response”
standard divided by the total number of patients in a certain
group. The response was defined as more than 50% reduction of
peptic ulcer area.

2.2 Search strategy

PubMed, Embase, Web of Science, Cochrane library, China
National Knowledge Infrastructure, Wanfang Digital Periodicals,
and Chinese Science and Technology Periodicals database were
searched from inception to April 2022 independently by two
reviewers (J. Zhai and Q. Zhao). The search terms included
(“Helicobacter pylori” OR “H. pylori” OR “Helicobacter infection”
OR Hp) AND (Jinghuaweikang OR “Jinghua weikang” OR “Jing
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Hua Wei Kang”). The detailed search strategies are available in
Supplementary Material. Some clinical trial registry platforms
(e.g. World  Health
International Clinical Trials Registry platform, and Chinese

ClinicalTrials.gov, Organization
Clinical Trial Registry) and references of eligible studies were
also searched. Publication date and language were unlimited.

2.3 Study selection

Potentially eligible studies were collected from the
comprehensive literature search and imported into EndNote
software to remove duplicate studies. Then, two reviewers
(J. Zhai and Q. Zhao) independently deleted ineligible studies
by checking titles and abstracts according to the inclusion and
exclusion criteria. Full texts of the remaining studies were read to
identify included studies. The process of screening eligible studies
was presented by the PRISMA flow diagram. Disagreements were

handled in consultation with a third reviewer (Y. Hu).

2.4 Data extraction

The important data were extracted and imported into Excel
software by two authors (J. Zhai and Q. Zhao) independently.
They included characteristics of included studies (first author,
publication year, country, sample size, design), patients (age,
gender, race, nationality), interventions (type, dosage, frequency,
duration), and outcomes (primary and secondary outcomes).
The information on the risk of bias assessment (randomization,
allocation, blinding, loss to follow-up) was also extracted
synchronously.

2.5 Assessment of risk of bias and quality
of evidence

The risk of bias was assessed using the Cochrane “risk of bias”
tool (Higgins et al., 2022). It can be used to investigate some
important biases in clinical trials, such as selection bias,
performance bias, detection bias, attrition bias, and reporting
bias. The risk of bias was judged to be low, high, or unclear
against the judgment of two reviewers (J. Zhai and Q. Zhao)
independently. The quality of evidence was assessed using the
Grading of Recommendations Assessment, Development, and
Evaluation (GRADE) system. Disagreements were resolved by
consensus or consultation with a third author (Y. Hu).

2.6 Statistical analysis

A risk ratio (RR) with 95% confidence intervals (CIs) was
used to estimate the effect of the dichotomous variables. The
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FIGURE 1

PRISMA flow diagram of study retrieval and selection.

meta-analysis with the random-effect model was conducted by
Review Manager 5.4 software. p < 0.05 indicated a statistically
significant difference between the two groups. Subgroup analyses
were conducted based on control interventions (triple and
quadruple therapy) and types of diseases (gastritis and peptic
ulcer), if possible. Traditional meta-analysis may lead to the
falsely positive or falsely negative conclusions because of sparse
data and repeated testing of significance (Wetterslev et al., 2017).
Trial sequential analysis (TSA) can be used to evaluate if the
evidence from the meta-analysis is sufficiently reliable based on
some important parameters (Wetterslev et al., 2008; Thorlund
etal., 2009). For the primary outcome, TSA was conducted with a
relative risk reduction (RRR) of 10%, type I error of 5% (two-
sided), and type II error of 20% (a power of 80%) according to
previous studies (Zhang et al.,, 2015; Zhou et al,, 2019). Firm
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evidence is reached when the cumulative Z-curve crosses the trial
sequential monitoring boundary or the futility boundary.
Otherwise, it is insufficient to draw any firm conclusion. The
publication bias was assessed for the primary outcome by Stata
16 software if the meta-analysis included more than 10 studies.

3 Results
3.1 Literature search

A total of 479 potentially eligible studies were identified from
the initial search. Two hundred and thirty-three duplicate studies

were removed using EndNote software. One hundred and
ninety-eight irrelevant studies were deleted by checking the
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https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.959184

ABojooewieyd ui sia3uoi4

SO

640°UISIB1UOIY

TABLE 2 Characteristics of included studies.

Author
and
publication
year

Zhou (2008)

Bai (2012)

Zhang (2012a)

Zhang (2012b)

Zhang (2013a)

Zhang (2013b)

Shi and Sun
(2014)

Lin (2015)

Wang and Han
(2015)

Zhao (2015)

Gastrointestinal ~ Age

disease

Peptic ulcer

Gastritis

Peptic ulcer

Peptic ulcer

Peptic ulcer

Peptic ulcer

Peptic ulcer

Gastritis

Peptic ulcer

Peptic ulcer

(E)

18 - 63

53.5

43.12

35

34.8 £
12.16

40.53 *
7.38

15-72

Age
©

16 - 68

51.7

41.86

34

36.2 £
10.53

39.87 =
7.37

43.5

Male
(E/C)

45/40

44/37

27/28

72

25/26

24/26

22/21

28/33

228

37/36

Female
(E/C)

15/20

33/34

23/22

48

21/20

18/16

20/19

58/62

52

12/13

Sample
size

(E)

60

75

50

60

46

42

42

100

138

49

Sample
size

©

60

70

50

60

46

42

40

100

142

49

Interventions

(E)

JWC + TT

JWC + TT

JWC + TT

JWC + TT

JWC + TT

JWC + TT

JWC + TT

JWC + TT

JWC + TT

JWC + TT

Interventions
(©

TT

TT

TT

TT

TT

TT

TT

TT

TT

TT

Dosage
of JWC

480 mg/d

480 mg/d

480 mg/d

480 mg/d

480 mg/d

480 mg/d

480 mg/d

480 mg/d

480 mg/d

480 mg/d

Duration
of JWC

4 weeks

4 weeks

4 weeks

4 weeks

4 weeks

4 weeks

4 weeks

14 days

6 weeks

2 weeks

Duration
of TT/QT

Clarithromycin +
Amoxicillin

1 week,
Omeprazole

4 weeks

Omeprazole +

Amoxicillin +

Clarithromycin
4 weeks

Clarithromycin +
Amoxicillin +
Omeprazole

4 weeks

Amoxicillin +
Tinidazole 10 days,
Omeprazole

4 weeks

Amoxicillin +
Metronidazole
1 week,
Omeprazole

4 weeks

Clarithromycin +
Amoxicillin

1 week,
Omeprazole

4 weeks

Clarithromycin +
Amoxicillin

2 weeks,
Lansoprazole

4 weeks

Omeprazole +
Clarithromycin +
Amoxicillin

2 weeks

Clarithromycin +
Amoxicillin

1 week,
Omeprazole

6 weeks

Outcomes

HER, CR,
RESR

HER, AR

HER

HER, CR,

RESR

HER, CR,

RESR

HER, CR,
RESR

HER, CR,
RESR, AR

HER, CR

HER, AR

(Continued on following page)
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TABLE 2 (Continued) Characteristics of included studies.

Author
and
publication
year

Chai (2016)

Deng (2016)

Lin (2016)

Xu et al. (2016)

Su and Wu

(2017)

Tao et al. (2017)

Chen (2018)

Gastrointestinal ~ Age

disease

Peptic ulcer

Gastritis

Gastritis or Peptic

ulcer

Gastritis

Peptic ulcer

Gastritis

Peptic ulcer

(E)

46.2 +
33

45.98 +
5.76

45.8 +
6.5

30.9
5.4

41 +
10.5

48.73 +
12.11

43.87 +
3.8

38.13 +
12.12

Age
©

456 +
2.3

46.19 +
6.25

457 +
6.4

312+
6.2

43 +7.8

46.28 +
10.66

43.1 +
3.29

39.56 +
13.62

Male
(E/C)

36/35

39/38

28/30

38/31

36/33

23/25

15/16

Female
(E/C)

24/25

36/36

12/10

22/29

28/30

17/15

16/20

Sample
size

(E)

60

75

40

60

64

40

31

Sample
size

©

60

74

40

60

63

40

36

Interventions

(E)

JWC + TT

JWC + TT

JWC + TT

JWC + TT

JWC + TT

JWC + TT

JWC + QT

Interventions
(9]

TT

TT

TT

TT

TT

TT

QT

Dosage

of JWC

480 mg/d

320 mg/d

480 mg/d

480 mg/d

480 mg/d

480 mg/d

480 mg/d

Duration
of JWC

2 weeks

3 weeks

4 weeks

15 days

4 weeks

4 weeks

2 weeks

Duration
of TT/QT

Amoxicillin +
Levofloxacin
2 weeks,
Lansoprazole
5 weeks

Clarithromycin +
Amoxicillin

2 weeks,
Esomeprazole
6-8 weeks

Amoxicillin +
Ornidazole +
Pantoprazole
3 weeks

Esomeprazole +
Amoxicillin +
Clarithromycin,
4 weeks

Clarithromycin +
Tinidazole 1 week,
Omeprazole

30 days

Omeprazole +

Amoxicillin +

Clarithromycin
4 weeks

Amoxicillin +
Clarithromycin +
Lansoprazole

4 weeks

Clarithromycin +
Tinidazole +

Bismuth potassium

citrate +
Rabeprazole
2 weeks

Outcomes

HER, CR,
RESR

HER, CR,
RESR, AR

CR

HER, CR,

RESR

HER, CR

HER

HER

HER, CR
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TABLE 2 (Continued) Characteristics of included studies.

Author
and
publication
year

Chen (2018)

Wang (2018a)

Wang (2018b)

Zhang et al.
(2018)

Zhi and Jiao
(2018)

Dai and Cheng

(2019)

Liu (2019)

Niu (2019)

Gastrointestinal ~ Age

disease (E)
Gastritis 48.5 +
14.08
Peptic ulcer 56.12 +
11.24
Gastritis 67.52 +
4.09
Gastritis 34.5
Peptic ulcer 49.19 +
6.37
Gastritis 39.94 +
6.5
Gastritis 56.5 +
15.9
Peptic ulcer 40.57 +
5.31

Peptic ulcer

Age
©

48.32 £
11.71

5571
12.04

68.14 +
3.29

38.6

48.83 +
7.13

3594 +
8.5

56.3 £
15.7

40.33 +
5.16

Male
(E/C)

15/14

24/26

32/38

22/26

23/24

39/37

36/35

28/28

25/26

Female
(E/C)

17/17

29/27

28/22

38/34

20/19

29/31

24/25

25/24

21/20

Sample
size

(E)

32

53

60

60

43

68

60

53

46

Sample
size

©

31

53

60

60

43

68

60

52

46

Interventions

(E)

JWC + QT

JWC + TT

JWC + TT

JWC + QT

JWC + TT

JWC + TT

JWC + TT

JWC + TT

JWC + QT

Interventions

©

QT

TT

TT

QT

T

TT + Placebo

TT

TT

QT

Dosage
of JWC

480 mg/d

480 mg/d

480 mg/d

480 mg/d

480 mg/d

480 mg/d

Not

reported

480 mg/d

480 mg/d

Duration
of JWC

14 days

3 weeks

10 days

2 weeks

2 weeks

4 weeks

3 weeks

4 weeks

4 weeks

Duration
of TT/QT

Clarithromycin +
Tinidazole +
Bismuth potassium
citrate +
Rabeprazole

2 weeks

Amoxicillin +
Clarithromycin
1 week,
Lansoprazole
2 weeks

Pantoprazole +
Amoxicillin +
Furazolidone
10 days

Rabeprazole +
Amoxicillin +
Furazolidone +
Bismuth potassium
citrate 2 weeks

Amoxicillin +
Levofloxacin
1 week,
Rabeprazole
2 weeks

Clarithromycin +
Pantoprazole +
Amoxicillin

4 weeks

Lansoprazole +
Amoxicillin +
Clarithromycin
3 weeks

Clarithromycin +
Amoxicillin +
Esomeprazole

4 weeks

Outcomes

HER

HER

HER, CR, AR

HER, CR

HER, RESR

HER

HER, HRR,
CR, AR

HER, CR,
RESR

(Continued on following page)
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TABLE 2 (Continued) Characteristics of included studies.

Author
and
publication
year

Xu and Yu
(2019)

Zhu (2019)

Cheng et al.

(2020)

Hang (2020)

Yao et al. (2020)

Zheng (2020)

Cen (2021)

Gastrointestinal ~ Age

disease

Peptic ulcer

Peptic ulcer

Gastritis

Gastritis or Peptic
ulcer

Gastritis

Peptic ulcer

(E)

38.14 +
6.03

49.55 +
532

42.58 +
7.96

41.1
11.7

50.7 +
10.9

41.00 +
11.66

46.33 +
6.50

Age
©

37.64
5.81

50.12
4.69

4132 £
8.48

41.3 +
11.67

513 +
9.7

40.29 +
22.38

45.68 +
6.42

Male
(E/C)

24/26

43/46

13/14

36/37

14/16

24/26

Female
(E/C)

20/18

37/34

17/16

60/54

19/18

22/20

Sample

size

(E)

44

80

30

96

33

46

Sample

size

©

44

80

30

91

34

46

Interventions

(E)

JWC + QT

JWC + TT

JWC + QT

JWC + QT

JWC + QT

JWC + TT

Interventions
(9]

QT

TT

QT

QT

QT

TT

Dosage

of JWC

480 mg/d

480 mg/d

480 mg/d

480 mg/d

480 mg/d

480 mg/d

Duration
of JWC

10 days

8 weeks

2 weeks

2 weeks

2 weeks

2 weeks

Duration
of TT/QT

Levofloxacin +
Rabeprazole +
Amoxicillin +
Bismuth potassium
citrate 4 weeks

Amoxicillin +
Pantoprazole +
Clarithromycin +
Bismuth potassium
citrate 10 days

Clarithromycin +
Amoxicillin

2 weeks,
Esomeprazole

8 weeks

Pantoprazole +
Clarithromycin +
Amoxicillin +
Colloidal bismuth
pectin 2 weeks

Esmeprazole +
Amoxicillin (
Furazolidone) +
Clarithromycin +
Bismuth Potassium
Citrate 2 weeks

Omeprazole
Sodium + Bismuth
potassium citrate +
Amoxicillin +
Clarithromycin

2 weeks

Amoxicillin +
Clarithromycin
2 weeks,
Omeprazole
6-8 weeks

Outcomes

HER, CR,
RESR, AR

HER

HER, CR,

RESR, AR

HER, CR

HER, AR

HER, AR

HER, CR,
RESR

(Continued on following page)
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TABLE 2 (Continued) Characteristics of included studies.

Author
and
publication
year

Wang et al.
(2021)

Xiong et al.
(2021)

Zhu (2021)

Gastrointestinal ~ Age

disease (E)
Gastritis 42.34 +
10.67

Peptic ulcer 44.49 +
5.18

Gastritis 41.63 +
7.8

Age
©

4317 +
12.33

44.77 *
5.13

40.58 +
7.65

Male
(E/C)

15/16

25/23

28/30

Female
(E/C)

20/19

15/17

24/22

Sample

size

35

40

52

Sample
size
©)

35

40

52

Interventions

(E)

JWC + QT

JWC + TT

JWC + QT

Interventions
(9]

QT

TT

QT

Dosage
of JWC

480 mg/d

480 mg/d

480 mg/d

Duration
of JWC

2 weeks

4 weeks

1 month

Duration
of TT/QT

Omeprazole +
Bismuth potassium
citrate +
Amoxicillin +
Clarithromycin

2 weeks

Clarithromycin +
Amoxicillin

2 weeks,
Rabeprazole
sodium 4 weeks

Amoxicillin +
Rabeprazole
Sodium + Bismuth
potassium citrate +
Furazolidone,

1 month

Outcomes

HER, CR, AR

HER, CR,
RESR, AR

HER, AR

Abbreviations: E, experimental group; C, control group; JWC, Jinghua Weikang capsule; TT, triple therapy; QT, quadruple therapy; HER, H. pylori eradication rate; HRR, H. pylori recurrence rate; CR, cure rate; RESR, response rate; and AR, adverse reaction.
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titles and abstracts. After reading full texts of the remaining
records, 34 studies were included in the statistical analysis (Zhou,
2008; Zhang, 2012a; Bai, 2012; Zhang, 2012b; Zhang, 2013a;
Zhang., 2013b; Shi and Sun, 2014; Lin, 2015; Wang and Han,
2015; Zhao, 2015; Chai, 2016; Deng, 2016; Lin, 2016; Xu et al,,
2016; Su and Wu, 2017; Tao et al.,, 2017; Wang, 2018a; Wang,
2018b; Chen, 2018; Zhang et al., 2018; Zhi and Jiao, 2018; Dai and
Cheng, 2019; Liu, 2019; Niu, 2019; Xu and Yu, 2019; Zhu, 2019;
Cheng et al., 2020; Hang, 2020; Yao et al., 2020; Zheng, 2020; Cen,
2021; Wang et al,, 2021; Xiong et al., 2021; Zhu, 2021). The
process of screening eligible studies is presented in Figure 1.

3.2 Characteristics of included studies

The characteristics of the included studies are summarized in
Table 2. The included studies involving 3920 patients were
published between 2008 and 2021. The sample size ranged from
30 to 138 in the experimental group and 30 to 142 in the control
group. JWC plus the triple therapy was compared with the triple
therapy alone in 24 trials (Zhou, 2008; Zhang, 2012a; Bai, 2012;
Zhang, 2012b; Zhang, 2013a; Zhang, 2013b; Shi and Sun, 2014; Lin,
2015; Wang and Han, 2015; Zhao, 2015; Chai, 2016; Deng, 2016;
Lin, 2016; Xu et al., 2016; Su and Wu, 2017; Tao et al,, 2017; Wang,
2018a; Wang, 2018b; Zhi and Jiao, 2018; Liu, 2019; Niu, 2019; Cheng
et al., 2020; Cen, 2021; Xiong et al., 2021). One trial compared JWC
plus the triple therapy with the triple therapy plus placebo (Dai and
Cheng, 2019). JWC plus the quadruple therapy was compared with
the quadruple therapy alone in nine studies (Chen, 2018; Zhang
et al,, 2018; Xu and Yu, 2019; Zhu, 2019; Hang, 2020; Yao et al.,
2020; Zheng, 2020; Wang et al., 2021; Zhu, 2021). The duration of
JWC treatment ranged from 10 days to 8 weeks. Patients with
gastritis were enrolled in 14 trials (Bai, 2012; Lin, 2015; Deng, 2016;
Xu et al,, 2016; Tao et al., 2017; Wang, 2018b; Chen, 2018; Zhang
et al,, 2018; Dai and Cheng, 2019; Liu, 2019; Hang, 2020; Zheng,
2020; Wang et al,, 2021; Zhu, 2021). Patients with peptic ulcer were
included in 19 trials (Zhou, 2008; Zhang, 2012a; Zhang, 2012b;
Zhang, 2013a; Zhang, 2013b; Shi and Sun, 2014; Wang and Han,
2015; Zhao, 2015; Chai, 2016; Su and Wu, 2017; Wang, 2018a; Chen,
2018; Zhi and Jiao, 2018; Niu, 2019; Xu and Yu, 2019; Zhu, 2019;
Cheng et al., 2020; Cen, 2021; Xiong et al., 2021). Two trials recruited
patients with gastritis or peptic ulcer (Lin, 2016; Yao et al., 2020).
Thirteen studies reported adverse reactions (Bai, 2012; Shi and Sun,
2014; Wang and Han, 2015; Chai, 2016; Wang, 2018b; Liu, 2019; Xu
and Yu, 2019; Cheng et al., 2020; Yao et al., 2020; Zheng, 2020;
Wang et al,, 2021; Xiong et al., 2021; Zhu, 2021).

3.3 Assessment of risk of bias
The results of the risk of bias assessment are presented in

Figure 2 and Figure 3. Eleven studies had a low risk of bias for
random sequence generation items because they reported specific
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methods of random sequence generation. Attrition bias was
classified as a low level for all included studies because of
complete outcome data. The risk of bias for allocation
concealment items, performance bias, and detection bias for
all included studies was graded as unclear levels due to the
lack of sufficient information.

3.4 H. pylori eradication rate

3.4.1 Treatment duration of 2 weeks

A total of 12 RCTs evaluated the H. pylori eradication rate
after JWC treatment with the duration of 2 weeks combined with
the triple or quadruple therapy (Lin, 2015; Zhao, 2015; Chali,
2016; Chen, 2018; Zhang et al., 2018; Zhi and Jiao, 2018; Hang,
2020; Yao et al., 2020; Zheng, 2020; Cen, 2021; Wang et al., 2021).
A pooled result showed that the H. pylori eradication rate in JWC
combined with the triple or quadruple therapy group was
statistically higher than that in the triple or quadruple therapy
alone group (N = 12, RR: 1.13, 95% CI: 1.05 to 1.21, p = 0.0008,
Figure 4). The result from TSA showed that the cumulative
Z-curve crossed the conventional boundary for benefit in
Figure 5. However, it did not cross the trial sequential
monitoring boundary for benefit. This means that firm
evidence is not reached and larger-scale trials are still needed.
The publication bias might be found because the Z value is equal
to 4.26 and p-value is less than 0.0001 based on the Harbord test.

Subgroup analyses were conducted based on control
interventions (triple and quadruple therapy) and types of
diseases (gastritis and peptic ulcer). There was no statistically
significant difference in H. pylori eradication rate between JWC
combined with the triple therapy group and the triple therapy alone
group (N'=5,RR: 1.13,95% CI: 1.00 to 1.27, p = 0.06). Furthermore,
a RCT enrolling patients with gastritis reported a similar result (RR:
0.98, 95% CI: 0.93 to 1.03, p = 0.41) (Lin, 2015). However, in
patients with peptic ulcer, H. pylori eradication rate was statistically
higher after JWC combined with the triple therapy compared with
the triple therapy alone (N = 4, RR: 1.19, 95% CI: 1.09 to 1.30, p =
0.0002). A pooled result showed that JWC combined with the
quadruple therapy significantly increased the H. pylori eradication
rate compared with the quadruple therapy alone (N = 7, RR: 1.13,
95% CI: 1.06 to 1.22, p = 0.0004). A similar result was found in
patients with gastritis (N = 5, RR: 1.13, 95% CI: 1.03 to 1.24, p =
0.008) and not in patients with peptic ulcer (N = 1, RR: 1.08, 95%
CIL: 0.85 to 1.36, p = 0.53).

3.4.2 Treatment duration of 3 weeks

Two RCTs reported the H. pylori eradication rate, in which
patients took JWC for 3 weeks (Wang, 2018a; Liu, 2019). A
pooled result showed that H. pylori eradication rate was
significantly increased after JWC combined with the triple
therapy compared with the triple therapy alone (N = 2, RR:
1.21, 95% CI: 1.08 to 1.36, p = 0.001). Similar findings were also
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identified in patients with gastritis (N = 1, RR: 1.22, 95% CI:
1.04 to 1.42, p = 0.01) and peptic ulcer (N = 1, RR: 1.20, 95% CI:
1.01 to 143, p = 0.04).

3.4.3 Treatment duration of 4 weeks

Thirteen RCTs with the JWC treatment for 4 weeks
reported the H. pylori eradication rate (Zhou, 2008;
Zhang, 2012a; Bai, 2012; Zhang, 2012b; Zhang, 2013a;
Zhang, 2013b; Shi and Sun, 2014; Lin, 2016; Su and Wu,
2017; Tao et al., 2017; Niu, 2019; Xu and Yu, 2019; Xiong
et al.,, 2021). A pooled result showed that JWC combined
with the triple or quadruple therapy could significantly
improve the H. pylori eradication rate compared with the
triple or quadruple therapy alone (N = 13, RR: 1.21, 95% CI:
1.15 to 1.27, p < 0.00001, Figure 6). The result from TSA
showed that the cumulative Z-curve crossed both the
conventional boundary for the benefit and the trial
the
Figure 7. This means that firm evidence is reached and no

sequential monitoring boundary for benefit in
larger-scale trials are needed. However, the publication
bias might be found because the Z value is equal to
2.07 and the p value is equal to 0.0382 based on the
Harbord test.

Subgroup analyses were conducted based on control
interventions (triple and quadruple therapy) and types of
diseases (gastritis and peptic ulcer). A pooled result showed a
greater increase in H. pylori eradication rate after JWC combined
with the triple therapy compared with the triple therapy alone
(N =12, RR: 1.20, 95% CI: 1.14 to 1.26, p < 0.00001). Similar
results were also found in patients with gastritis (N = 2, RR: 1.20,
95% CI: 1.05 to 1.38, p = 0.007) and peptic ulcer (N =9, RR: 1.18,
95% CI: 1.12 to 1.25, p < 0.00001). Xu and Yu (2019) reported
that JWC combined with the quadruple therapy could
significantly increase the H. pylori eradication rate compared
with the quadruple therapy alone in patients with peptic ulcer
(RR: 1.30, 95% CI: 1.07 to 1.59, p = 0.008). Dai and Cheng (2019)
reported that JWC combined with the triple therapy significantly
increased the H. pylori eradication rate compared with placebo
combined with the triple therapy in patients with gastritis (RR:
1.29, 95% CI: 1.09 to 1.51, p = 0.002).

3.4.4 Other treatment durations

Two studies reported that the H. pylori eradication rate was
significantly increased after JWC combined with the triple
therapy compared with the triple therapy alone in patients
with gastritis, respectively (N = 1, RR: 1.29, 95% CI: 1.06 to
1.57, p = 0.010, duration of 10 days; N = 1, RR: 1.56, 95% CI:
1.23 to 1.98, p = 0.0003, duration of 15 days) (Xu et al., 2016;
Wang, 2018b). Two studies showed a greater increase in H. pylori
eradication rate after JWC combined with the triple therapy
compared with the triple therapy alone in patients with peptic
ulcer, respectively (N = 1, RR: 1.19, 95% CI: 1.09 to 1.29, p <
0.0001, duration of 6 weeks; N =1, RR: 1.21, 95% CI: 1.02 to 1.44,
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p =0.03, duration of 8 weeks) (Wang and Han, 2015; Cheng et al.,
2020). Zhu (2019) found that JWC combined with the quadruple
therapy could significantly increase the H. pylori eradication rate
compared with the quadruple therapy alone in patients with
peptic ulcer (RR: 1.30, 95% CI: 1.04 to 1.63, p = 0.02, duration of
10 days). Zhu (2021) reported that the H. pylori eradication rate
was significantly increased after JWC combined with the
quadruple therapy compared with the quadruple therapy
alone in patients with gastritis (RR: 1.23, 95% CI: 1.04 to 1.44,
p = 0.01, duration of 1 month).

3.5 H. pylori recurrence rate

Liu (2019) reported a lower H. pylori recurrence rate at
6 months after JWC treatment with the duration of 3 weeks
combined with the triple therapy compared with the triple
therapy alone in patients with gastritis (RR: 0.36, 95% CI:
0.14 to 0.93, p = 0.03).

3.6 Cure rate

3.6.1 Treatment duration of 2 weeks

The cure rate of gastritis or peptic ulcer was reported in eight
trials, in which patients took JWC for 2 weeks (Lin, 2015; Zhao,
2015; Chai, 2016; Chen, 2018; Zhang et al., 2018; Hang, 2020;
Cen, 2021; Wang et al.,, 2021). A pooled result showed that the
cure rate in JWC combined with the triple or quadruple therapy
group was statistically higher than that in the triple or quadruple
therapy alone group (N = 8, RR: 1.34, 95% CI: 1.21 to 1.49, p <
0.00001, Figure 8).

Subgroup analyses were conducted based on control
interventions (triple and quadruple therapy) and types of
diseases (gastritis and peptic ulcer). Compared with the triple
therapy alone, JWC combined with the triple therapy could
significantly increase the cure rate (N = 4, RR: 1.32, 95% CI:
1.17 to 1.50, p < 0.00001). Similar results were also found in
patients with gastritis (N = 1, RR: 1.31, 95% CI: 1.14 to 1.50, p =
0.0001) and peptic ulcer (N=3,RR:1.38,95% CI: 1.03 to 1.84, p =
0.03). Compared with the quadruple therapy alone, JWC
combined with the quadruple therapy showed a greater cure
rate (N = 4, RR: 1.43, 95% CI: 1.10 to 1.86, p = 0.007). A similar
result was also found in patients with peptic ulcer (N = 1, RR:
1.30, 95% CI: 1.02 to 1.66, p = 0.04) but not in patients with
gastritis (N = 3, RR: 1.95, 95% CI: 0.90 to 4.24, p = 0.09).

3.6.2 Treatment duration of 3 weeks

Two studies reported a statistically significant increase in the
cure rate in JWC combined with the triple therapy group
compared with the triple therapy alone group in patients with
gastritis (N = 2, RR: 1.28, 95% CI: 1.01 to 1.61, p = 0.04) (Deng,
2016; Liu, 2019).
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3.6.3 Treatment duration of 4 weeks

Nine trials compared the cure rate of a combination of JWC
with the duration of 4 weeks and the triple/quadruple therapy
with the triple/quadruple therapy alone (Zhou, 2008; Zhang,
2012b; Zhang 2013a; Zhang, 2013b; Shi and Sun, 2014; Lin, 2016;
Niu, 2019; Xu and Yu, 2019; Xiong et al., 2021). A pooled result
showed that the cure rate was statistically higher in the JWC
combined with the triple/quadruple therapy group than that in
the triple/quadruple therapy alone group (N = 9, RR: 1.16, 95%
CI: 1.06 to 1.27, p = 0.001, Figure 9).

Subgroup analyses were conducted based on control
interventions (triple and quadruple therapy) and types of
diseases (gastritis and peptic ulcer). Compared with the triple
therapy alone, JWC combined with the triple therapy could
significantly increase the cure rate (N = 8, RR: 1.16, 95% CIL:
1.06 to 1.27, p = 0.0002). Moreover, JWC combined with the
triple therapy could significantly increase the cure rate compared
with the triple therapy alone in patients with peptic ulcer (N =7,
RR: 1.13, 95% CI: 1.04 to 1.22, p = 0.004). Xu and Yu (2019)
reported that the cure rate in JWC combined with the quadruple
therapy group was higher than that in the quadruple therapy
alone group with no statistical significance in patients with peptic
ulcer (RR: 1.45, 95% CI: 0.97 to 2.16, p = 0.07).

3.6.4 Other treatment durations

Two studies reported that the cure rate in JWC with the
duration of 10 days or 15 days combined with the triple therapy
group was statistically higher than that in the triple therapy alone
group in patients with gastritis, respectively (N = 1, RR: 1.25, 95%
CI: 1.01 to 1.54, p = 0.04, duration of 10 days; N = 1, RR: 1.58,
95% CI: 1.20 to 2.08, p = 0.0010, duration of 15 days) (Xu et al,,
2016; Wang, 2018b). Another study showed that JWC combined
with the triple therapy induced a greater cure rate compared with
the triple therapy alone in patients with peptic ulcer (RR: 1.62,

Frontiers in Pharmacology

12

95% CI: 1.04 to 2.53, p = 0.03, duration of 8 weeks) (Cheng et al.,
2020).

3.7 Response rate

3.7.1 Treatment duration of 2 weeks

A pooled result of 4 RCTs showed that JWC with the
duration of 2 weeks combined with the triple therapy could
significantly increase the response rate compared with the
triple therapy alone in patients with peptic ulcer (RR: 1.21,
95% CI: 1.12 to 1.32, p < 0.00001, Figure 10) (Zhao, 2015;
Chai, 2016; Zhi and Jiao, 2018; Cen, 2021).

3.7.2 Treatment duration of 4 weeks

A pooled result of nine trials showed that the response rate in
JWC combined with the triple or quadruple therapy group was
statistically higher than that in the triple or quadruple therapy
alone group (RR: 1.10, 95% CI: 1.03 to 1.18, p = 0.003, Figure 11)
(Zhou, 2008; Zhang, 2012b; Zhang, 2013a; Zhang, 2013b; Shi and
Sun, 2014; Lin, 2016; Niu, 2019; Xu and Yu, 2019; Xiong et al.,
2021).

A subgroup analysis found that JWC combined with the
triple therapy could significantly increase the response rate
compared with the triple therapy alone (N = 8, RR: 1.08,
95% CI: 1.02 to 1.16, p = 0.01). Moreover, JWC combined
with the triple therapy could significantly increase the
response rate compared with the triple therapy alone in
patients with peptic ulcer (N =7, RR: 1.11, 95% CI: 1.02 to
1.21, p = 0.02). Xu and Yu (2019) found a greater response
rate in JWC combined with the quadruple therapy group
compared with the quadruple therapy alone group in
patients with peptic ulcer (RR: 1.26, 95% CI: 1.06 to
1.50, p = 0.010).
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3.7.3 Treatment duration of 8 weeks

Cheng et al. (2020) reported that the response rate in JWC
with the duration of 8 weeks combined with the triple therapy
group was statistically higher than that in the triple therapy alone
group in patients with peptic ulcer (RR: 1.23, 95% CI: 1.07 to 1.42,
p = 0.004).

3.8 Adverse reactions

Thirteen studies reported adverse reactions (Bai, 2012; Shi
and Sun, 2014; Wang and Han, 2015; Chai, 2016; Wang, 2018b;
Liu, 2019; Xu and Yu, 2019; Cheng et al., 2020; Yao et al., 2020;
Zheng, 2020; Wang et al., 2021; Xiong et al., 2021; Zhu, 2021).
The results of the meta-analyses showed no statistically
significant differences in the incidence of nausea, diarrhea,
dizziness, constipation, vomiting, and bitter taste in the mouth
between the two groups in Figure 12.

3.9 Quality of evidence

The quality of evidence is presented in Table 3. The quality of
evidence on H. pylori eradication rate after JWC treatment with
the duration of 2 and 4 weeks was graded as very low and low,
respectively.

4 Discussion

This systematic review critically assessed the efficacy and
safety of JWC for H. pylori eradication. The main findings are
summarized as follows. A pooled result showed that JWC with
the duration of 2 weeks combined with the triple/quadruple
therapy could significantly increase the H. pylori eradication
rate compared with the triple/quadruple therapy alone.
However, the evidence of benefit was not confirmed by TSA.
Subgroup analyses found no statistically significant differences in
H. pylori eradication rate between JWC combined with the triple
therapy and the triple therapy alone in patients with gastritis and
between JWC combined with the quadruple therapy and the
quadruple therapy alone in patients with peptic ulcer. Another
pooled result showed that JWC with the duration of 4 weeks
combined with the triple/quadruple therapy could significantly
increase the H. pylori eradication rate compared with the triple/
quadruple therapy alone. The evidence of benefit was confirmed
by TSA. Moreover, subgroup analyses also found statistically
significant differences in H. pylori eradication rate between JWC
combined with the triple therapy and the triple therapy alone in
patients with gastritis or peptic ulcer, and between JWC
combined with the quadruple therapy and the quadruple
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Cen 2021

Chai 2016

Chen 2018 a
Chen 2018 b
Hang 2020

Lin 2015

Wang et al. 2021
Yao et al. 2020
Zhang et al. 2018
Zhao 2015
Zheng 2020

Zhi and Jiao 2018

Total (95% CI)
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Experimental Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight IV. Random, 95% CI IV. Random, 95% CI
40 46 32 46 6.5% 1.25[1.00, 1.56] —
50 60 43 60 7.5% 1.16 [0.96, 1.41) T
26 31 28 36 6.1% 1.08 [0.85, 1.36) R
26 32 22 31 4.7% 1.14[0.87, 1.51) -1 -
25 30 20 30 4.2% 1.25[0.93, 1.69] T =
92 96 93 95 16.0% 0.98 [0.93, 1.03] -
32 35 32 35 10.2% 1.00[0.87, 1.15] -1
78 93 62 87 9.2% 1.18 [1.00, 1.38] -
56 60 48 60 10.2% 1.17 [1.01, 1.35) i
44 49 39 49 8.7% 1.13[0.95, 1.34) T
32 33 26 34 7.5% 1.27 [1.04, 1.54) -
42 43 34 43 92% 1.24[1.05, 1.45) -
608 606 100.0% 1.13 [1.05, 1.21] <&
543 479

Total events

Heterogeneity: Tau? = 0.01; Chi* = 24.94, df = 11 (P = 0.009); I> = 56%
Test for overall effect: Z = 3.35 (P = 0.0008)

FIGURE 4
Forest plot of H. pylori eradication rate after JWC with the duration of 2 weeks.
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Trial sequential analysis of H. pylori eradication rate after JWC with the duration of 2 weeks.
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Experimental Control

_Study or Subgroup  Events Total Events Total Weight IV. Random. 95% CI

Bai 2012 58 75 44 70  54%
Lin 2016 37 40 24 40 3.6%
Niu 2019 47 53 38 52 7.0%
Shi and Sun 2014 38 42 31 40 6.8%
Su and Wu 2017 52 64 41 63 55%
Tao et al. 2017 38 40 32 40 8.8%
Xiong et al. 2021 38 40 32 40 8.8%
Xu and Yu 2019 43 46 33 46  6.6%
Zhang 2012a 45 50 37 50 7.2%
Zhang 2012b 53 60 49 60 11.2%
Zhang 2013a 41 46 31 46  5.0%
Zhang 2013b 39 42 32 42 72%
Zhou 2008 58 60 50 60 17.0%

Total (95% CI) 649 100.0%
Total events 587 474
Heterogeneity: Tau? = 0.00; Chi* = 7.17, df = 12 (P = 0.85); I = 0%

Test for overall effect: Z = 7.25 (P < 0.00001)
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Forest plot of H. pylori eradication rate after JWC with the duration of 4 weeks.
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Trial sequential analysis of H. pylori eradication rate after JWC with the duration of 4 weeks.

differences in the incidence of adverse reactions between the two
groups.

A combination of PPI and antibiotics is typically used for H.
pylori eradication. For example, clarithromycin triple therapy

Frontiers in Pharmacology

and bismuth quadruple therapy are recommended according to
clinical guidelines (Chey et al., 2017). However, a recent study
reported an increased H. pylori resistance to antibiotics in most
World Health Organization regions (Savoldi et al., 2018). The
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Experimental Control

Risk Ratio

_Study or Subgroup  Events Total Events Total Weight IV.Random.95% Cl

Cen 2021 16 46 10 46  2.5%
Chai 2016 24 60 17 60  4.4%
Chen 2018 a 28 31 25 36 18.7%
Hang 2020 2 30 0 30 0.1%
Lin 2015 90 96 68 95 60.3%
Wang et al. 2021 5 35 0 35 0.1%
Zhang et al. 2018 35 60 22 60 7.2%
Zhao 2015 27 49 21 49  6.7%

Total (95% Cl) 411 100.0%
Total events 227 163

Heterogeneity: Tau? = 0.00; Chi? = 4.06, df =7 (P =0.77); = 0%
Test for overall effect: Z = 5.43 (P < 0.00001)

407

FIGURE 8
Forest plot of cure rate after JWC with the duration of 2 weeks.
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Zhang 2012b 55 60 53 60 38.3% 1.04 [0.92, 1.17] -
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FIGURE 9
Forest plot of cure rate after JWC with the duration of 4 weeks.
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prevalence of H. pylori resistance was also high among children
according to a study from Iran (Yousefi-Avarvand et al,,
2018). A review reported the reduction of H. pylori
eradication rate after clarithromycin triple therapy and
bismuth quadruple therapy associated with antibiotic
resistance (Kim et al., 2015). It poses a great challenge to
the selection of treatments for H. pylori eradication. A
common effort is to seek alternative antibiotics with no H.
pylori resistance. However, H. pylori resistance to many
conventional antibiotics has been reported (Kuo et al,
2017; Savoldi et al., 2018). There has been an increased
interest in the development of new antibiotics in recent
years (Tacconelli et al., 2018). However, few antibiotics
have been developed successfully (Tacconelli et al., 2018).
Antimicrobial

susceptibility testing for H. pylori is

rarely performed partly due to the lack of standardized
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testing methods and consensus on antibiotic resistance
breakpoints (Li et al., 2022). The salvage therapy may be
selected empirically after first-line therapy fails (Chey et al,,
2017).

In recent years, some novel therapies have brought
benefits to patients with H. pylori. Some studies reported
the potential of nanotechnology for H. pylori eradication (de
Souza et al., 2021; Khan et al., 2022). Nonetheless, clinical
trials on this topic are still needed. Some systematic reviews
showed that probiotics could be considered an adjuvant
therapy for H. pylori eradication (Yu et al, 2019; Zhou
et al, 2019). However, a study reported that probiotics
were recommended only for patients with poor
compliance to treatments (Shiotani et al., 2017). A recent
review suggested that TCM herbs and their active ingredients

combined with antibiotics could be considered a novel
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_Study or Subgroup __Events  Total Events Total Weight IV, Random, 95% CI

Experimental

Control

Cen 2021 43 46 35 46  20.8%
Chai 2016 57 60 47 60 31.6%
Zhao 2015 46 49 39 49 26.4%
Zhi and Jiao 2018 41 43 33 43 21.2%
Total (95% CI) 198 198 100.0%
Total events 187 154

Heterogeneity: Tau? = 0.00; Chi? = 0.21, df = 3 (P = 0.98); I? = 0%
Test for overall effect: Z = 4.64 (P < 0.00001)

FIGURE 10

Forest plot of response rate after JWC with the duration of 2 weeks.
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Lin 2016 36 40 30 40 6.8%
Niu 2019 49 53 49 52 13.8%
Shi and Sun 2014 40 42 33 40 94%
Xiong et al. 2021 39 40 30 40 7.8%
Xu and Yu 2019 44 46 35 46 85%
Zhang 2012b 60 60 60 60 19.8%
Zhang 2013a 43 46 36 46 86%
Zhang 2013b 39 42 33 42  82%
Zhou 2008 59 60 57 60 17.1%
Total (95% CI) 429 426 100.0%
Total events 409 363
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FIGURE 11
Forest plot of response rate after JWC with the duration of 4 weeks.

antibacterial treatment (Su et al., 2020). A systematic review
showed that TCM-based therapy could be used as rescue
therapy for H. pylori eradication (Zhong et al., 2022).
Berberine belongs to the isoquinoline alkaloid extracted
from Chinese herbal medicine. A systematic review
showed that berberine combined with the standard triple
therapy could significantly increase the H. pylori eradication
rate (Hu et al., 2019). The main components of JWC are also
extracted from Chinese herbal medicine (Shi et al., 2018).
The efficacy of JWC with the duration of 4 weeks for
eradicating H. pylori is confirmed by both conventional
meta-analysis and TSA in the present study.

The efficacy of triple/quadruple therapy for H. pylori
eradication may be dependent on the intragastric potential
of hydrogen (pH) (Shiotani et al., 2017). For example, the
instability of clarithromycin was reported at low pH (Erah
et al, 1997). An experiment showed that JWC could
significantly inhibit the secretion of gastric acid in rats
(Xie and Huang, 2001). H. pylori are tolerant to multiple
antibiotics possibly by forming a biofilm (Yonezawa et al.,
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2019; Hathroubi et al., 2020). An in vitro experiment found
that volatile oil extracted from Dysphania ambrosioides (L.)
Mosyakin & Clemants as the main ingredient of JWC could
inhibit the formation of H. pylori biofilm (Zhang et al,,
2020). A study reported that Adina pilulifera (Lam.) Franch.
ex Drake as the main ingredient of JWC might prevent H.
pylori from sticking to the stomach wall by competitively
inhibiting the blood group antigen-binding adhesion
(BabA) (Hong et al., 2021). Some experiments found that
JWC could accelerate peptic ulcer healing by stimulating the
secretion of nitric oxide and epidermal growth factor and
reducing the endothelin level (Cao et al., 2006; Liang, 2007).
Another experiment reported that JWC could inhibit H.
pylori-induced inflammatory responses by regulating
the nuclear factor-kappa B signaling pathway (Shi et al,,
2018). The mechanisms of JWC for eradicating H. pylori
and treating gastritis and peptic ulcer may be explained
partly by the abovementioned evidence. Overall, the present
study provides new insight into the management of H. pylori

eradication. JWC can be considered a new complementary
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Experimental Control Risk Ratio Risk Ratio
_Study or Subgroup _ Events Total Events Total Weight IV, Random, 95% Cl IV.Random,95%Cl
4.1.1 Nausea
Bai 2012 2 75 1 70 13.5% 1.87[0.17,20.13] -1
Chai 2016 0 60 4 60 9.1% 0.11[0.01, 2.02) A
Cheng et al. 2020 0 80 4 80  9.0% 0.11[0.01, 2.03] - -
Liu 2019 1 60 1 60 10.1% 1.00 [0.06, 15.62] -1
Shi and Sun 2014 2 42 0 40 84% 4.77 [0.24, 96.34] -1
Wang 2018b 1 60 0 60 7.5% 3.00[0.12, 72.20] - 1 =
Wang et al. 2021 1 35 0 35 7.6% 3.00[0.13,71.22] -1
Xuand Yu 2019 2 46 1 46  13.6% 2.00 [0.19, 21.30] - 1
Zheng 2020 1 33 0 34 7.6% 3.09[0.13, 73.20] -1 -
Zhu 2021 2 52 1 52 13.6% 2.00[0.19, 21.38] - LT
Subtotal (95% Cl) 543 537 100.0% 1.30 [0.54, 3.10] -
Total events 12 12
Heterogeneity: Tau? = 0.00; Chi* = 7.43, df = 9 (P = 0.59); I* = 0%
Test for overall effect: Z = 0.58 (P = 0.56)
4.1.2 Diarrhea
Bai 2012 2 75 4 70 31.8% 0.47 [0.09, 2.47] —
Wang et al. 2021 4 35 1 35 19.3% 4.00 [0.47, 34.02) -1
Xu and Yu 2019 1 46 2 46  15.8% 0.50 [0.05, 5.32] - -1
Yao et al. 2020 1 93 2 87 15.6% 0.47 [0.04, 5.07) _— =1
Zheng 2020 0 33 1 34 8.8% 0.34 [0.01, 8.13] -
Zhu 2021 1 52 0 52 8.7% 3.00[0.13,71.99] T
Subtotal (95% CI) 334 324 100.0% 0.82[0.32, 2.09] ’
Total events 9 10
Heterogeneity: Tau? = 0.00; Chi* = 3.86, df =5 (P = 0.57); I = 0%
Test for overall effect: Z = 0.42 (P = 0.67)
4.1.3 Dizziness
Bai 2012 1 75 2 70 18.4% 0.47 [0.04, 5.03] - * 1
Liu 2019 0 60 1 60 10.3% 0.33 [0.01, 8.02] - 1
Wang 2018b 1 60 0 60 10.3% 3.00[0.12, 72.20] -1 -
Wang and Han 2015 2 138 0 142 11.4% 5.14 [0.25, 106.19] -1 =
Wang et al. 2021 0 35 2 35 11.6% 0.20 [0.01, 4.02) - = [
Xiong et al. 2021 1 40 1 40 13.9% 1.00 [0.06, 15.44] - 1
Xu and Yu 2019 1 46 1 46  13.9% 1.00 [0.06, 15.51] -
Yao et al. 2020 0 93 1 87 10.3% 0.31[0.01, 7.56] - - 1
Subtotal (95% Cl) 547 540 100.0% 0.77 [0.28, 2.14) -
Total events 6 8
Heterogeneity: Tau? = 0.00; Chi? = 3.80, df =7 (P = 0.80); I? = 0%
Test for overall effect: Z = 0.50 (P = 0.62)
4.1.4 Constipation
Chai 2016 3 60 0 60 23.1%  7.00[0.37, 132.66)] -T
Cheng et al. 2020 2 80 0 80 21.9%  5.00[0.24, 102.53] - =
Liu 2019 1 60 2 60 354% 0.50 [0.05, 5.37) I B
Wang and Han 2015 1 138 0 142 19.6% 3.09[0.13, 75.12] - 1
Sub(%tal (95% C1) 338 342 100.0% 2.17[ [0.53, 8.93]] -
Total events 7 2
Heterogeneity: Tau? = 0.00; Chi? = 2.42, df = 3 (P = 0.49); I’ = 0%
Test for overall effect: Z = 1.08 (P = 0.28)
4.1.5 Bitter taste in mouth
Liu 2019 1 60 0 60 35.4% 3.00[0.12, 72.20) — T &
Wang et al. 2021 1 35 2 35 646% 0.50 [0.05, 5.27) —a—
Subtotal (95% CI) 95 95 100.0% 0.94 [0.14, 6.25] ———
Total events 2 2
Heterogeneity: Tau? = 0.00; Chiz = 0.79, df = 1 (P = 0.37); P = 0%
Test for overall effect: Z = 0.06 (P = 0.95)
4.1.6 Vomit
Zhu 2021 1 52 1 52 1000%  1.00(0.06, 15.57) i
Subtotal (95% Cl) 52 52 100.0% 1.00 [0.06, 15.57]
Total events 1 1
Heterogeneity: Not applicable
Test for overall effect: Z = 0.00 (P = 1.00)
‘04001 0i1 1 1‘0
Favours [experimental] Favours [control]
FIGURE 12

Forest plots of adverse reactions.
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TABLE 3 GRADE quality of evidence summary table.

10.3389/fphar.2022.959184

Outcomes Illustrative comparative risks (95% CI) RR No. Quality
(95% CI) of participants of the
Assumed risk (Triple/ Corresponding risk (studies) evidence
quadruple gwcC
therapy) + triple/quadruple
therapy)
H. pylori eradication rate JWC 790 per 1000 893 per 1000 (830-956) 1.13 1214 (12 studies) Very low*¢
for 2 weeks) (1.05-1.21)
H. pylori eradication rate JWC 761 per 1000 921 per 1000 (822-1000) 1.21 226 (2 studies) Very low*>*
for 3 weeks) (1.08-1.36)
H. pylori eradication rate (JWC 730 per 1000 884 per 1000 (840-928) 1.21 1307 (13 studies) Low™"
for 4 weeks) (1.15-1.27)
H. pylori recurrence rate JWC for 233 per 1000 84 per 1000 (33-217) 0.36 120 (1 studies) Low™*
3 weeks) (0.14-0.93)
Cure rate (JWC for 2 weeks) 397 per 1000 531 per 1000 (480-591) 1.34 818 (8 studies) Low*®
(1.21-1.49)
Cure rate (JWC for 3 weeks) 403 per 1000 516 per 1000 (407-649) 1.28 269 (2 studies) Very low*>*
(1.01-1.61)
Cure rate (JWC for 4 weeks) 521 per 1000 605 per 1000 (552-662) 1.16 855 (9 studies) Low™®
(1.06-1.27)
Response rate (JWC for 2 weeks) 778 per 1000 941 per 1000 (871-1000) 1.21 396 (4 studies) Low™®
(1.12-1.32)
Response rate (JWC for 4 weeks) 852 per 1000 937 per 1000 (878-1000) 1.10 855 (9 studies) Very low*™?
(1.03-1.18)

Abbreviations: JWC, Jinghua Weikang capsule; CI, confidence interval; and RR, risk ratio.

*Unclear risk of bias due to limitations of blinding and allocation concealment.

"Triple/quadruple therapy, duration, or gastrointestinal disease was inconsistent across studies.

“Only one or two studies were included.
9The confidence interval was wide or I* was more than 50%.

treatment to conventional regimens for H. pylori
eradication.

This systematic review has some minor limitations. Due
to the lack of relevant data, the long-term effect of JWC for
H. pylori eradication is poorly investigated, and the efficacy
of JWC versus some novel therapies for H. pylori eradication
is not compared directly. The unclear risk of bias was
identified in the blinding and allocation concealment item.
The same triple/quadruple therapies are used between two
groups in each included study. However, the specific drugs
and durations of triple/quadruple therapies may be different
across included studies. The heterogeneity of the meta-
analyses may be partly explained by the abovementioned

factors.

5 Conclusion

The present study suggests that JWC with the duration of
4 weeks can significantly improve H. pylori eradication rate and
should be considered as a complementary treatment to
conventional regimens for H. pylori eradication. However,
more high-quality RCTs are still needed to confirm these
findings.
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