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ABSTRACT

Chronic atrophic gastritis (CAG) is considered as a significant risk factor for triggering gastric cancer incidence,
if not effectively treated. Sijunzi decoction (SD) is a well-known classic formula for treating gastric disorders, and
Sijunzi-similar formulae (SF) derived from SD have also been highly regarded by Chinese clinical practitioners
for their effectiveness in treating chronic atrophic gastritis. Currently, there is a lack of meta-analysis for these
formulae, leaving unclear which exhibits optimal efficacy. Therefore, we employed Bayesian network meta-anal-
ysis (BNMA) to evaluate the efficacy and safety of SF as an intervention for CAG and to establish a scientific
foundation for the clinical utilization of SF. The result of meta-analysis demonstrated that the combination of SF
and basic therapy outperformed basic therapy alone in terms of clinical efficacy rate, eradication rate of H. pylori,
and incidence of adverse events. As indicated by the SUCRA value, Chaishao Liujunzi decoction (CLD) demon-
strated superior efficacy in enhancing clinical effectiveness and ameliorating H. pylori infection, and it also
showed remarkable effectiveness in minimizing the occurrence of adverse events. Comprehensive analysis of

1185


mailto:tobymaxiao@cdutcm.edu.cn
mailto:zengjinhao@cdutcm.edu.cn
mailto:efferth@uni-mainz.de
https://dx.doi.org/10.17179/excli2024-7618
https://dx.doi.org/10.17179/excli2024-7618
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0002-7247-972X
https://orcid.org/0009-0002-5937-283X
https://orcid.org/0000-0002-6650-2826
https://orcid.org/0009-0001-3041-9334
https://orcid.org/0000-0002-8761-1896
https://orcid.org/0000-0002-0261-0369
https://orcid.org/0000-0002-5860-3790
https://orcid.org/0000-0002-2637-1681

EXCLI Journal 2024;23:1185-1207 — ISSN 1611-2156

Received: July 10, 2024, accepted: August 29, 2024, published: September 06, 2024

therapeutic efficacy suggests that CLD is most likely the optimal choice among these six formulations, holding

potential value for optimizing clinical treatment strategies.

Keywords: Chronic atrophic gastritis, Sijunzi-similar formulae, drug integration, Bayesian network meta-analysis
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INTRODUCTION

Chronic atrophic gastritis (CAG), charac-
terized by inherent glandular atrophy of the
gastric mucosa, is a digestive disorder primar-
ily caused by factors such as Helicobacter py-
lori infection, autoimmune reactions, and al-
coholism (Shah et al., 2021). The damage to
the gastric mucosa resulting from various fac-
tors leads to chronic inflammation, CAG, in-
testinal metaplasia, and subsequent dysplasia,
which are widely acknowledged as funda-
mental processes in the development of intes-
tinal-type gastric cancer (Correa, 1992). CAG
is regarded as a critical stage in this progres-
sion (Zhang et al., 2020). Globally, the prev-
alence of atrophic gastritis is concerning, with
epidemiological studies revealing that the
prevalence of CAG is approximately 25 %
and has shown a noticeable upward trend
from 2010 to 2020 (Lv et al., 2024). More re-
cently, a study revealed that over the past fifty

Figure 1. Graphical abstract

Notes: SD, Sijunzi decoction. LD, Liujunzi
decoction. XLD, Xiangsha Liujunzi decoc-
tion. SBP, Shenling Baizhu powder. CLD,
Chaishao Liujunzi decoction. CON, Con-
ventional therapy

years, the prevalence of CAG among precan-
cerous lesions of gastric cancer has remained
persistently high across the Asian continent
(Li et al., 2024). This implies that without ef-
fective intervention, there will be an increase
in the number of gastric cancer patients in the
future, posing significant health risks to indi-
viduals and imposing substantial societal bur-
dens (Yang et al., 2022a).

Currently, the relevant treatment strate-
gies remain imperfect. Drug therapy serves as
the primary approach to manage the disease.
The commonly employed options include tri-
ple and quadruple therapy, which typically
entail the use of a proton pump inhibitor, two
different classes of antibiotics, and/or a bis-
muth agent. These treatment regimens focus
on eradicating H. pylori-induced infection,
safeguard the gastric mucosa, and enhance
gastric motility (Mgller et al. 2011; Lahner et
al. 2018). However, over time, increasing
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limitations and issues have been uncovered.
Prolonged utilization of proton pump inhibi-
tors has the potential to disrupt the balance of
intestinal microbiota, thus elevating the sus-
ceptibility to gastrointestinal infections
(Freedberg et al., 2015). On the other hand,
patients with CAG are more prone to infec-
tion by drug-resistant strains, posing chal-
lenges to their treatment (Yang et al. 2022a;
Shao et al. 2024).

Sijunzi decoction (SD), a classical for-
mula with a nearly thousand-year history for
treating stomach diseases, consists of four
herbal ingredients: Panax ginseng rhizome,
Atractylodes macrocephala Koidz rhizome,
Roasted Licorice, and Poria cocos. Various
modified prescriptions derived from SD, such
as Liujunzi decoction (LD), Chaishao Liu-
junzi decoction (CLD) and Shenling Baizhu
powder (SBP), are also utilized by Chinese
clinicians in the treatment of CAG (Supple-
mentary Table 1). Several studies have re-
ported the positive effects of Sijunzi-similar
formulae (SF) on improving gastric mucosal
inflammation, promoting gastric mucosal re-
pair, controlling H. pylori infection, and re-
ducing symptoms such as abdominal pain and
bloating (Gan et al., 2017; Tian et al., 2019;
Lv et al., 2017). However, conclusive evi-
dence is lacking to prove the superiority of SF
compared to conventional therapies. It also
remains unclear which formula is most effec-
tive within this category.

Therefore, the objective of this study was
to compare the efficacy and safety of different
types of formulas using Bayesian network
meta-analysis (BNMA), with the aim of
providing further insights into the selection of
optimal treatments for CAG (Figure 1).

MATERIALS AND METHODS

In accordance with the Cochrane Hand-
book and the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses
(PRISMA) statement, this BNMA adheres to
the criteria and is registered with PROSPERO
(CRD42023420474)
(https://www.crd.york.ac.uk/PROSPERO).

Search strategy

Seven databases (PubMed, EMBASE,
Cochrane Library, Web of Science, Chinese
National Knowledge Infrastructure (CNKI),
the VIP Medicine Information System and the
Wan fang Database) were searched to identify
studies on the treatment of CAG with SF. The
searches were conducted from database crea-
tion to March 2024. The keyword composi-
tion included “chronic atrophic gastritis”,
“Sijunzi decoction”, “Liujunzi decoction”,
“Xiangsha Liujunzi decoction”, “Chaishao
Liujunzi decoction” and “Shenling baizhu
powder”. In order to ensure a thorough
search, our search strategy was executed
twice. Initially, we combined the term chronic
atrophic gastritis with the five subsequent
keywords. For the second search, the same
keywords were used together to ensure that no
eligible studies were missed during the initial
search. Supplementary Table 2 displays the
search strategy used in English database. Sim-
ilar search strategies were employed in the
other databases as well.

Inclusion and exclusion criteria

The study inclusion criteria were deter-
mined based on the PICOS principle, consid-
ering the following aspects: (i) Study Type:
the literature clearly stated that the study type
were clinical randomized controlled trials. (ii)
Subjects: patients with CAG who meet the
norms for the diagnosis and treatment specifi-
cations of CAG (Banks et al., 2019). There
were no notable distinctions in the general
data (gender, age, disease duration and degree
of gastric mucosal atrophy, etc.) (iii) Interven-
tions: The experimental group received a
combination of conventional therapy along
with one of the SF herbal formulas, whereas
the control group adopted solely conventional
therapy, which consist of “Sijunzi decoction +
conventional therapy” (SD+CON), “Liujunzi
decoction  +  conventional  therapy”
(LD+CON), “Xiangsha Liujunzi decoction +
conventional therapy” (XLD+CON),
“Chaishao Liujunzi decoction + conventional
therapy” (CLD+CON), “Shenling baizhu
powder + conventional therapy” (SBP+CON)
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and “conventional therapy” (CON). (iv) Eval-
uation indexes: clinical efficiency, H. pylori
eradication rate, adverse reaction occurrence
report and TCM symptom score. (v) All stud-
ies included in the analysis featured at least
one outcome indicator.

The following studies were excluded: (i)
The type of article is a review, meta-analysis,
animal experiment, dissertation, or observa-
tional paper. (ii) No mention of randomized
controlled trials or RCTs in the literature. (iii)
Interventions with other Chinese patent med-
icine or herbal prescriptions. (iv) Unclear or
incomplete outcome indicator.

Data collection

To begin with, all documents retrieved
through the search strategy are imported into
Endnote X9, followed by a comprehensive
check for duplicates utilizing both computer-
ized algorithms and manual inspection to en-
sure their elimination. Subsequently, a metic-
ulous screening process is employed to ex-
clude literature deemed irrelevant to the
study. The remaining literature is then down-
loaded for in-depth evaluation. A rigorous as-
sessment is undertaken, adhering to the estab-
lished inclusion and exclusion criteria, to as-
certain the final selection for inclusion in the
study.

We extracted the following elementary
data from the included documents: (i) The last
name of the first author and the publication
year. (ii) Participant count in both the experi-
mental and control groups. (iii) The mean age,
gender, and disease duration of patients in the
experimental and control groups. (iv) Treat-
ment intervention and duration in both the ex-
perimental and control groups. (v) Outcome
indicator: Clinical efficiency, H. pylori eradi-
cation rate, adverse reaction occurrence report
and TCM symptom score. The outcome indi-
cators were evaluated individually based on
specific criteria: (i) Clinical efficiency: Clini-
cal symptoms such as stomach pain signifi-
cantly improved or disappeared, gastroscopic
reduction of mucosal lesions by more than
50 % and obvious relief or disappearance of
inflammation. If there is no significant

improvement or even a worsening of CAG-
related symptoms or signs, and less than 50 %
reduction of gastric mucosal atrophy lesions
or even higher than the original is considered
ineffective. (ii) H. pylori eradication rate: H.
pylori infection is considered eradicated when
there is a negative test result obtained from a
14C-urea breath test or 3C breath test, sinus
tissue section staining, or sinus mucosal rapid
urease test breath test. (iii) Symptom Score:
Scored according to the severity of abdominal
pain and loss of appetite on a scale of 3 as the
highest score. (iv) Adverse reaction occur-
rence report: Includes adverse reactions such
as nausea, vomiting, rash and dizziness.

Assessment of study quality and reporting
Our team utilized Review Manager 5.3
software to assess the methodological rigor of
the literature incorporated in our study. The
risk of bias assessment tool recommended in
the Cochrane Systematic Assessor's Hand-
book 5.1.0, which includes seven assessment
areas: randomization, allocation concealment,
blinding, completeness of outcome data, se-
lection of reports, and other possible sources
of bias. To evaluate each area, we assigned
ratings of high risk, low risk, or unclear risk
based on the actual situation of the study.

Data processing strategy

The data were statistically processed and
analyzed using R4.4.0 and Statal5.0 soft-
ware. Different analysis methods were em-
ployed based on the types of outcome indica-
tors. To assess outcomes such as clinical effi-
cacy, H. pylori eradication, and the incidence
of adverse effects, we calculated the relative
risk (RR) and the corresponding 95 % confi-
dence intervals (CIs) to measure the impact of
the intervention. Conversely, for continuous
variables such as scores for abdominal pain
and loss of appetite symptoms, we used the
standard mean difference (SMD) to calculate
the effect size, taking into account differences
in units, along with a 95 % CI.

Stata 15.0 software was utilized to map
the network evidence for the different out-
come indicators, reflecting the basic charac-
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teristics of each individual study. BNMA was
accomplished using the Markov chain-Monte
Carlo method via R4.4.0 software (iteration
number set to 60,000). The potential scale re-
duction factor (PSRF) is used to reflect the
convergence, when the PSRF approaches or
equals 1, indicating excellent convergence,
the consistency model is selected for analysis,
while in the case of poor convergence, the in-
consistency model is chosen for analysis.

The software R4.4.0 was utilized for rank-
ing the data based on the size of the surface
under the probability cumulative ranking
curve (SUCRA). The magnitude of H. pylori
eradication and clinical efficiency showed a
positive correlation with the degree of benefit,
so Rank 1 indicates the best and Rank N indi-
cates the worst. On the contrary, the incidence
of adverse effects and the TCM symptom
score were negatively correlated with the de-
gree of benefit, so that Rank 1 indicated the
worst and Rank N the best.

RESULTS

Included study basic characteristics

A total of 4320 potentially eligible docu-
ments were retrieved from seven databases
using the search strategy. The retrieved docu-
ments were imported into Endnote X9 soft-
ware, and a total of 341 duplicates were elim-
inated through computerization as well as
manual review. We carefully examined the ti-
tle, abstract, and keywords of these docu-
ments to exclude 4118 articles that were
clearly unrelated to the study’s purpose, in-
cluding reviews, observational studies, meta-
analyses, and other irrelevant material. Sub-
sequently, the remaining 173 studies were
downloaded and by reading the full text me-
ticulously, we removed literature that did not
mention randomized controlled trials, had
subjects unrelated to this study and incom-
plete outcome indicators. Ultimately, this
meta-analysis included 24 studies (Figure
2A). Table 1 shows the fundamental features
exhibited by the included studies.

The risk of bias assessment

As recommended by the Cochrane Hand-
book for Systematic Reviews of Interventions
version 5.1.0, we utilized the Review Man-
ager 5.3 software to assess the fulfilled studies
for potential bias risks. This part was con-
ducted independently by two members of the
research team, Luo and Yang. The resolution
of any discrepancies involved a discussion be-
tween two team members in order to reach a
consensus. If consensus could not be reached,
the third member of the research team has
been consulted for the purpose of resolving
the differences through group discussion and
consensus-building (Figure 2B).

Selection bias: Eleven studies using
standard randomization methods (random
number tables, computer-generated random
numbers, etc.) were assessed as having a low
risk. Ten studies only mentioned the random-
ization grouping method but did not provide a
specific description, so they were assessed as
having an unclear risk. One study grouped pa-
tients according to their treatment regimens,
and two studies grouped patients according to
time of admission order, with a single number
being the control group and a double number
being the experimental group, so they were
assessed as having a high risk.

Allocation and performance bias: The ma-
jority of the reviewed studies were rated as
“unclear risk” due to insufficient description
of their allocation methods. However, one
study explicitly mentioned the implementa-
tion of a double-blind method, which resulted
in a low risk of bias assessment. In contrast,
the remaining 23 studies did not provide clear
information about the use of blinding for trial
participants and personnel, which resulted in
an unclear risk of bias rating.

Attrition bias: No studies had missing data
or subjects, and all study outcome data were
complete, resulting in a low risk assessment
for all studies.

Reporting bias: All studies reported pre-
determined outcome indicators, with no selec-
tive reporting of outcomes, and were assessed
as having a low risk.
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Table 1: The characteristics of included studies

Author(s)/Year

Chen, 2019

Peng, 2016

Chen et al., 2018

Li, 2020

Wang et al., 2019

Zhao, 2022

Liu and Chen, 2020

Hu, 2020

;zren(_prllec) Country Age

149.73 £3.27
149.66 = 3.24

:485+7.6

. T
55/55 China c
T
C:47.6+6.8
T
C

45/45 China

1 42.86 +£2.92

40/40 China £ 43.03+2.11

Intervention Ex-

perimental
group

CON + XLD
CON + XLD

CON + SBP

CON + SBP

CON + SBP

CON + CLD

CON + CLD

CON + CLD

Control group

CON

CON

CON

CON

CON

CON

CON

CON

Duration of
treatment

8 weeks

12 weeks

8 weeks

12 weeks

2 weeks

2 weeks

4 weeks

4 weeks

Adverse effects re-
port(T/C)

0/0

NM

317

0/0

2/4

NM

1/7

Outcome
assess-
ment

OE®
®
OB
@)

O@®

O@®
O@®
OB

Notes: T, Intervention Experimental group; C, Control group; SD, Sijunzi decoction. LD, Liujunzi decoction. XLD, Xiangsha Liujunzi decoction. SBP, Shenling Baizhu powder. CLD, Chaishao Liujunzi

decoction. CON, Conventional therapy; NM, Not mentioned; (1), Clinical efficiency; (2), H. pylori eradication rate; (3), Incidence of adverse effects; (4), Chinese Medicine Symptom Score.
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Table 1 (cont.): The characteristics of included studies

Sample Intervention Duration of Adverse effects Outcome
Author(s)/Year size(T/C) Country  Age Experimental Control Group treatment report(T/C) assess-
group ment
Yan, 2019 52/52 China NM CON + SD CON 8 weeks 5/3 OB
. . T:47.3+9.6
Lin, 2020 43/43 China C 4784101 CON + SD CON 12 weeks NM 0@
. T:55.7+5.6
Zhou et al., 2015 = 42/42 China C 561454 CON + SD CON 2 weeks NM 0O
_ , T:42.1+6.4
Xie, 2019 42/42 China C 418462 CON + SD CON 16 weeks NM M@
Xu, 2014 32/32 China NM CON + SD CON NR NM ©)
Shen, 2016 39/39 China NM CON + SD CON 12 weeks NM ©)
. , T:48.58 + 4.71
Li, 2018 27127 China C 48.93 4 4.31 CON + SD CON NR 1/5 0©)
. T:43.2+3.1
Lu, 2015 30/30 China C 436439 CON + LD CON 12 weeks 17 OB

Notes: T, Intervention Experimental group; C, Control group; SD, Sijunzi decoction. LD, Liujunzi decoction. XLD, Xiangsha Liujunzi decoction. SBP, Shenling Baizhu powder. CLD, Chaishao Liujunzi
decoction. CON, Conventional therapy; NM, Not mentioned; (1), Clinical efficiency; (2), H. pylori eradication rate; (3), Incidence of adverse effects; (4), Chinese Medicine Symptom Score.
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Table 1 (cont.): The characteristics of included studies

Author(s)/Year

Xie and Li, 2022

Li and Gang, 2016

Xu et al., 2010

Yin and Xu, 2021

Luo, 2019

Li, 2020

Wang, 2021

Liu, 2014

Sample
size(T/C)

40/40

40/40

66/64

68/68

50/50

40/40

57/57

30/30

Country

China

China

China

China

China

China

China

China

Age

—

o4 o4 o4 o4 o4 oA

:40.28 £ 4.07
:40.26 £ 4.06

:36.1 £8.16
: 36.47 £ 8.57

31.6
32.8

51.1+7.0

:51.2+8.1

146.1 £ 8.7
:45.6 +8.5

149.28 +2.49
149.54 £ 2.45

:57.28 £6.51

C:57.52+£6.55

T:51.5+99

C:

50.8 + 8.6

Intervention
Experimental

group

CON + LD
CON +LD
CON + LD
CON +LD

CON + XLD

CON + XLD

CON + XLD

CON + XLD

Control Group

CON

CON

CON

CON

CON

CON

CON

CON

Duration of
treatment

4 weeks

4 weeks

12 weeks

2 weeks

8 weeks

12 weeks

4 weeks

8 weeks

Adverse ef-
fects re-
port(T/C)
2/3

0/0

M

NM

NM

NM

NM

0/0

Outcome
assess-
ment

@G
D@6
OB
OE®
O@®
@

O®

@G

Notes: T, Intervention Experimental group; C, Control group; SD, Sijunzi decoction. LD, Liujunzi decoction. XLD, Xiangsha Liujunzi decoction. SBP, Shenling Baizhu powder. CLD, Chaishao Liujunzi
decoction. CON, Conventional therapy; NM, Not mentioned; (1), Clinical efficiency; (2), H. pylori eradication rate; (3), Incidence of adverse effects; (4), Chinese Medicine Symptom Score.
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Other bias: No study mentioned any other
potential sources of bias, which were rated as
“low risk”.

The outcome of indicator

Clinical efficacy

Clinical efficacy, commonly assessed
through evaluating patients’ symptoms, signs,
and the degree of improvement in gastric mu-
cosa among other aspects, provides a compre-
hensive reflection of patients’ improvement.
This is precisely, why we have chosen it as
one of our outcome indicators. 23 randomized
controlled trials including 2015 patients with
CAG reported on this indicator, which cov-
ered all interventions (Figure 3A). The test of
heterogeneity indicated statistical signifi-
cance in the variation between studies, land a
random effects model was chosen (P <
0.00001, 12 = 78.9 %). Besides, the incon-
sistency test using the node partitioning
method shows that the PSRF is 1, indicating
convergence of the iterations well.

We utilize SUCRA to delineate the varied
cumulative probabilities associated with each
potential ordering of intervention plans,
wherein higher SUCRA values connote en-
hanced efficacy of the treatment regimen.
Considering clinical efficacy, the SUCRA re-
sults indicated the following order of inter-
ventions: CLD+CON (89.37 %) > SBP+CON
(69.81 %) > LD+CON (63.81 %) > SD+CON
(55.96 %) > XLD+CON (54.38 %) > CON
(16.67 %) (Figure 3B). The BNMA results
demonstrated that compared to the conven-
tional treatment combination (CON),
SD+CON (RR= 4.67, 95% CI 2.78, 8.3),
LD+CON (RR= 5.21, 95 % CI 2.6, 11.05),
XLD+CON (RR=4.47, 95 % CI 2.44, 8.91),
SBP+CON (RR=5.78, 95 % CI 2.77, 12.89),
and CLD+CON (RR= 8.86, 95 % CI 3.79,
22.78) significantly improved the clinical ef-
ficacy rate of CAG (Figure 3C). Additionally,
the comparison of each of the five interven-
tions of the herbal formula with the conven-
tional treatment combination was not statisti-
cally significant.

From the results above, it is clear that the
clinical efficiency of each combination herbal

formula group was obviously better than the
conventional intervention plan. Furthermore,
the strategy of CLD+CON (rank 1) and
SBP+CON (rank 2) may represent more ideal
approaches for improving clinical efficacy in
CAG.

H. pylori eradication rate

Globally, H. pylori infection is considered
one of the major causative factors in atrophic
gastritis, which is why we chose H. pylori
eradication rate as an outcome indicator
(Zheng et al., 2024). Ten studies reported H.
pylori eradication rate in their results, which
including 867 H. pylori-positive patients
(Figure 4A). The test of heterogeneity indi-
cated statistical significance in the variation
between studies, land a random effects model
was chosen (P< 0.0001, 12=73.1 %). In addi-
tion, the inconsistency test using the node par-
titioning method shows that the PSRF is 1, in-
dicating convergence of the iterations well.

For H. pylori eradication rate, the SUCRA

was ranked from highest to lowest:
CLD+CON (79.14 %) > XLD+CON
(53.90 %) > SD+CON (46.10 %)

> SBP+CON (42.67 %) >CON (2.30 %)
(Figure 4B). Consistently, CLD+CON stands
out at H. pylori eradication rate. The BNMA
results show that compare to CON,
XLD+CON (RR=4.61, 95 % Cl 1.31, 17.31),
SBP+CON (RR=3.25, 95 % CI 1.16, 11.34),
CLD+CON (RR= 1459, 95% CI 3.73,
72.53) could enhance the CAG H. pylori erad-
ication rate, and SD+CON (RR= 3.68, 95 %
Cl10.77,18.72), LD+CON (RR=2.07, 95 %
Cl 0.74, 5.45) showed no notable difference
in the H. pylori eradication rate of CAG (Fig-
ure 4C). In addition, the comparison of each
of the five interventions of the herbal formula
with the conventional treatment combination
was not statistically significant.

From the results above, it is clear that the
H. pylori eradication rate of each combination
herbal formula group was obviously better
than the conventional treatment intervention
plan. The strategy of CLD+CON (rank 1) and
XLD+CON (rank 2) may have a relative ad-
vantage in treating H. pylori eradication rate
in CAG.
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Figure 3: The Bayesian Network Meta analysis of clinical efficiency. A: Network comparisons of
clinical efficiency. B: The cumulated probability rank of clinical efficiency. C: League table of Bayesian
network meta-analysis for clinical efficiency. (Notes: SD, Sijunzi decoction. LD, Liujunzi decoction. XLD,
Xiangsha Liujunzi decoction. SBP, Shenling Baizhu powder. CLD, Chaishao Liujunzi decoction. CON,

Conventional therapy)
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Figure 4: The Bayesian Network Meta analysis of H. pylori eradication rate. A: Network compari-

sons of H. pylori eradication rate. B: The cumulated probability rank of H. pylori eradication rate. C:

League table of Bayesian network meta-analysis for H. pylori eradication rate. (Notes: SD, Sijunzi de-
coction. LD, Liujunzi decoction; XLD, Xiangsha Liujunzi decoction. SBP, Shenling Baizhu powder. CLD,

Chaishao Liujunzi decoction. CON, Conventional therapy)

Incidence of adverse effects
Incidence of adverse effects is an essential

indicator of drug safety and tolerability, and
therefore we used it as an outcome indicator
to reflect the safety of these six interventions
(Rockhold, 2017). There were 12 studies re-
porting this outcome indicator with the six in-
terventions. Among these 1050 patients, a to-
tal of 62 experienced adverse events such as
nausea, vomiting, rash, and vertigo occurred
(Figure 5A). The results of the heterogeneity

test demonstrated no statistically significant

differences between studies for the outcome

indicator of incidence of adverse reactions (P

=0.701, 12= 0.0 %). The inconsistency test us-
ing the node partitioning method shows that
the PSRF is 1, indicating convergence of the
iterations well.

The results of ranking the interventions by
SUCRA showed that XLD+CON (82.56 %) >
CON (80.57 %) > LD+CON (53.48 %) >
SBP+CON (49.37 %) > SD+CON (46.26 %)
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> CLD+CON (37.75 %) (Figure 5B). The
BNMA results show that compare to CON,
SD+CON (RR= 0.32, 95% CI 0.04, 1.85),
LD+CON (RR= 0.43, 95 % CI 0.09, 1.69),
XLD+CON (RR= 76502.51, 95% CI 0,
6.45), SBP+CON (RR= 0.35, 95 % CI 0.03,
3.84), CLD+CON (RR= 0.22, 95 % CI 0.03,
1.37) indicated no notable difference in the in-
cidence of adverse effects (Figure 5C). In ad-
dition, the comparison of each of the five in-
terventions of the herbal formula with the
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0 (0, 15497876.68)0 (0, 21 178299.73)-
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conventional treatment combination was not
statistically significant.

The above results suggest that the group
mostly using combined herbal formulations,
significantly outperformed the group receiv-
ing conventional interventions in terms of the
incidence of adverse effects. The strategy of
CLD+CON (rank 6) and SD+CON (rank 5)
may have a relative advantage in incidence of
adverse effects in CAG.
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Figure 5: The Bayesian Network Meta analysis of Incidence of adverse effects. A: Network com-
parisons of Incidence of adverse effects. B: The cumulated probability rank of Incidence of adverse
effects. C: League table of Bayesian network meta-analysis for Incidence of adverse effects. (Notes:
SD, Sijunzi decoction. LD, Liujunzi decoction. XLD, Xiangsha Liujunzi decoction. SBP, Shenling Baizhu
powder. CLD, Chaishao Liujunzi decoction. CON, Conventional therapy)

1197



EXCLI Journal 2024;23:1185-1207 — ISSN 1611-2156

Received: July 10, 2024, accepted: August 29, 2024, published: September 06, 2024

Chinese Medicine Symptom Score

When identifying diseases and judging
the effectiveness of treatment, TCM will tend
to start with the symptoms of patients. The
amelioration in patient symptoms and signs is
regarded as one of the primary criteria guid-
ing physicians in subsequent pharmacological
decisions. Patients with CAG commonly ex-
perience symptoms including reduced appe-
tite, abdominal pain, and vomiting. Given the
completeness and analyzability of outcome
measures data, we ultimately chose anorexia
and abdominal pain as the outcome measures
for TCM symptom scoring to reflect the ther-
apeutic effects of the six interventions. In all,
nine RCTs reported on this outcome indica-
tor, including 1570 patients.

The heterogeneity test indicates statisti-
cally significant heterogeneity in the TCM
symptom scores of abdominal pain and loss of
appetite between studies (P < 0.0001, I2=
95.6 %, P< 0.0001, 1= 95.9 %). The incon-
sistency test using the node partitioning
method shows that the PSRF is 1, indicating
convergence of the iterations well.

For abdominal pain, the results of ranking
the interventions by SUCRA showed that
CON (80.77 %) > CLD+CON (61.09 %) >
SD+CON (45.3 %) > XLD+CON (33.43 %)
> LD+CON (29.58 %). For inappetence, the
results of ranking the interventions by SU-
CRA showed that CON (60.64 %)
> SD+CON (55.50 %)> XLD+CON (44.38 %)
> SBP+CON (40.29 %) > LD+CON (34.64 %)
> CLD+CON (14.55 %).

The BNMA results of abdominal pain
show that compare to CON, SD+CON
(SMD= -0.48, 95 % CI -0.97, 0), LD+CON
(SMD= -0.7, 95% CI -1.38, -0.02),
XLD+CON (SMD=-0.62, 95% CI -1.02,
-0.2) could improve symptoms of abdominal
pain, CLD +CON (SMD= -0.27, 95% CI
-0.75, 0.22) showed no notable distinct in the
symptoms of abdominal pain. And the results
of inappetence show that compare to CON,
SD+CON (SMD= -0.08, 95% CI -2.38,
2.21), LD+CON (SMD= -0.9, 95% CI
-4.16, 2.36), XLD+CON (SMD=-0.47, 95 %
Cl -2.78, 1.83), SBP+CON (SMD= -0.66,

95% CI -3.92, 2.61), CLD+CON (SMD=
-1.75, 95 % C1 -4.07, 0.54) showed no notable
distinct in the symptoms of inappetence (Sup-
plementary Figures 1 and 2).

The above results indicated that the group
mostly using combined herbal formulations,
significantly outperformed the group receiv-
ing conventional interventions in the symp-
toms of abdominal pain. Considering ab-
dominal, LD+CON (rank 5) and XLD+CON
(rank 4) may have a relative advantage. For
inappetence, CLD+CON (rank 6) and
LD+CON (rank 5) have shown potential ad-
vantages over other treatment options.

Comprehensive therapeutic efficacy

In order to more intuitively reflect which
strategy is optimal, we selected clinical effi-
cacy and H. pylori eradication rate as indica-
tors, assessing each intervention for its com-
prehensive effectiveness. The combined treat-
ment effect of the six intervention plans could
be categorized into five levels, ranging from
best to worst: the first level included
CLD+CON, the second level included
XLD+CON and SBP + CON, the third level
included SD+CON, the fourth level including
SBP+CON, the fifth level included CON
(Figure 6).

Publication bias assessment and sensitivity
analysis

We employed funnel plots, Egger’s test,
Begg’s test to assess the presence of publica-
tion bias, and taking clinical efficiency indi-
cators as representatives of publication bias.
In the evaluation conducted by Egger’s test, P
< 0.001, 95 % CI (2.85, 5.05). In the Begg’s
test examination, Kendall’s score is displayed
as 189, with a standard deviation of 37.86.
This study exhibited a certain degree of pub-
lication bias. After sequentially excluding
each study in sensitivity analysis, we ob-
served no significant change in the overall RR
values for clinical efficacy, H. pylori eradica-
tion rate, and Incidence of adverse effects,
thus underscoring the reliability and robust-
ness of our results. However, the heterogene-
ity of Yin and Xu and Zhou is significant
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Figure 6: Sequential analysis of Comprehensive therapeutic efficacy. (Notes: (a) Sijunzi decoction
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coction + Conventional therapy)

(Yinand Xu, 2021; Xu et al.,2010; Zhou et al.,
2015), triggering conspicuous changes in the
overall effect size for the TCM symptom
scores of abdominal pain and inappetence
(Supplementary Figures 4-7).

DISCUSSION

Summary of the evidence

This study represents the first evaluation
of the efficacy and safety of SF in combina-
tion with conventional therapy for CAG. A to-
tal of 24 studies involving 2098 patients were
included. The findings reveal that the combi-
nation of five Chinese herbal remedies with
conventional therapies is effective. Moreover,
it significantly improves clinical effective-
ness and eradication rate of H. pylori, while
alleviating Chinese medicine symptoms and
reducing adverse reactions in patients with
chronic gastritis.

The results of SUCRA indicated that
CLD+CON is the optimal strategy among

these six treatments strategies. Not only does
it significantly improve the clinical efficiency
(rank 1) and the H. pylori eradication rate
(rank 1), it also reduces the incidence of ad-
verse effects (rank 6) improving security.
However, compared with other Chinese
herbal formulas, CLD (rank 2) did not have a
particularly strong performance in the score
of TCM symptoms of abdominal pain. In con-
trast, LD+CON (rank 5) performs optimally
in this area. But its performance in terms of
clinical efficacy (rank 3), H. pylori eradica-
tion rate (rank 5) and incidence of adverse ef-
fects (rank 3) was not satisfactory. Further-
more, it is worth to mention that XLD+CON
shows the worst performance in incidence of
adverse effects. Actually, the study utilizing
the intervention strategy XLD+CON assessed
the incidence of adverse events. However, no
adverse reactions were observed among the
participants in the aforementioned study uti-
lizing the intervention strategy XLD+CON.
Consequently, the comparison between the
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control and experimental groups in that study
lacks meaningfulness, potentially contrib-
uting to its top-ranking position. As we ob-
served, these five traditional Chinese medi-
cine formulas displayed significant therapeu-
tic effects, and there were also differences
among them. This is precisely the primary fo-
cus of our discussion.

The potential mechanism of SF for the
treatment of CAG

The imbalance of gastric mucosal envi-
ronment is of great importance during the pro-
gression of atrophic gastritis (Liu et al., 2023),
with mucosal damage often being considered
an early indicator (Liu et al., 2023; Xu et al.,
2023). The damaged gastric mucosa releases
numerous inflammatory mediators, attracting
inflammatory cells to infiltrate and clear path-
ogens at the site of injury, while further acti-
vating inflammatory pathways. It is reported
that the Nuclear Factor-kappa B (NF-«xB),
PI3K/Akt, and Hedgehog signaling pathways
were significantly activated (Jiang et al.,
2021; Xie and Liu, 2018; Yang et al., 2013),
leading to the overexpression of inflamma-
tory mediators such as tumor necrosis factor-
alpha (TNF-a), interleukin-6 (IL-6), 1L-11,
and cyclooxygenase-2 (COX-2), which fur-
ther exacerbates the inflammatory response,
gastric mucosal damage, and triggers dyspla-
sia (Lenti et al. 2022). It is worth mentioning
that H. pylori infection, often linked to CAG
patients (Holleczek et al. 2020), disrupted
gastric physiological processes by altering ly-
sosomal membrane permeability to induce
autophagy, boosting glutamine consumption
and raising reactive oxygen species produc-
tion (ROS), thus hastening the atrophy of gas-
tric gland cells (Chauhan et al., 2019; Ricci et
al., 2014). Moreover, it promoted excessive
expression of IL-11, resulting in a reduction
of stromal and chief cells in the gastric fun-
dus, and weakened gastric barrier function
(Buzzelli et al., 2019; Howlett et al., 2012).
As the gastric barrier function weakened, the
permeability of the gastric mucosa increased,
facilitating the adherence and colonization of
bacteria, viruses, and other pathogenic

microorganisms (Chauhan et al., 2019; En-
gevik et al., 2020). Concurrently, the height-
ened sensitivity of the gastric mucosa to ex-
ternal stimuli prompted the increased release
of inflammatory mediators and neurotrans-
mitters (Zhang et al., 2022; Zhong, 2021).
This escalation of inflammatory response re-
sulted in further damage to the gastric mu-
cosa, perpetuating a vicious cycle. Hence, al-
leviating mucosal damage and promoting the
repair of barrier function was the key to re-
versing the progression of gastric mucosal le-
sions (Lu et al., 2022; Park et al., 2021).

Encouragingly, several studies have re-
vealed the potential of SF in anti-inflamma-
tory and promoting the regeneration and re-
pair of gastric mucosal tissues, which may
stem from the abundant active ingredients it
contains (Li et al., 2022; Tian et al., 2019;
Zhao et al., 2002). As the primary compound
in ginseng, ginsenoside demonstrated anti-in-
flammatory properties by down-regulating
the expression of pro-inflammatory mole-
cules (TNF-a, IL-6, and COX-2) through
modulation of the NF-xB and STAT3 signal-
ing pathways (Im, 2020; Kim et al., 2015; To
et al., 2022). Our previous studies revealed
that ginsenoside Rgl down-regulated the
transcription and protein expression of down-
stream target genes (c-myc, cyclin D1, and
Birc5), thereby reversing intestinal metapla-
sia and partial dysplasia in gastric precancer-
ous lesions. This effect was achieved through
reducing nuclear translocation of B-catenin
and disrupting [B-catenin/TCF4 interactions
(Zeng et al. 2021). Moreover, ginsenoside
was identified to preserve cellular morphol-
ogy and suppress pyroptosis, thus alleviating
and retarding the progression of CAG through
modulation of the NF-«B/NLRP3/GSDMD
pathway (Zhou et al. 2024).

Recently, another study demonstrated that
costunolide effectively reversed the induction
of apoptosis by MNNG in GES-1 cells, pro-
moted the expression of Nrf2 in gastric tissue,
and inhibited the expression of y-H2AX and
PARP1 in gastric tissue to suppress DNA
damage and cell apoptosis, thereby alleviating
damage (Wang et al. 2024). Furthermore, it
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was also found that quercetin can signifi-
cantly alleviate gastric mucosal oxidative
damage, restore mitochondrial function, and
repair gastric mucosal barrier by modulating
the PIBK/AKT signaling pathway (Yao et al.,
2021). What’s more, it promoted the prolifer-
ation of gastric mucosal cells and counter-
acted apoptosis in gastric epithelial cells in-
duced by H. pylori infection by regulating the
levels of BAX, BCL-2, and p38MAPK
(Zhang et al., 2017).

Several recent studies reported similar
findings. XLD has been revealed to amelio-
rate gastric mucosal injury in rat with H. py-
lori infection-induced CAG by down-regulat-
ing TLR2, TLR4, P-p38mapk, NF-kB protein
expression, which was associated with direct
inhibition of TLR4/MAPK/NF-kB/iNOS/NO
signaling pathways (Lin et al., 2016). Admin-
istering water-soluble polysaccharides from
Poria cocos to mice via gavage reduced the
abundance of H. pylori (Zou et al., 2021). Ad-
ditionally, ginsenoside has been demonstrated
to significantly inhibit the TLR4-MyD88-
MAPK signaling pathway, thus reducing the
Firmicutes/Bacteroidetes ratio and regulating
the gut microbiota imbalance caused by anti-
biotics (Bai et al., 2021). That may be the rea-
son why the Chinese herbal formula group
had a higher H. pylori eradication rate com-
pared to the conventional therapy in our
study.

As indicated by the meta-analysis results,
CLD exhibited superiority among these five
herbal formulas, which can be traced. Tu et al.
explored the potential mechanisms of CLD in
improving CAG by integrating network phar-
macology and experimental investigations
(Tu et al., 2022). This study found that CLD
significantly reduced the expression of IL-13
and IL-6, alleviating inflammatory responses,
but also up-regulated the expression of Shh,
Ptchl, and Glil to promote gastric mucosal
cell proliferation through modulating hedge-
hog signaling pathway. Kaempferol was its
core component. What’s more, kaempferol
downregulated the expression of TNF-a, IL-
1B, and IL-8 by inhibiting the translocation of
cytotoxin-associated gene A (CagA) and

vacuolating cytotoxin A (VacA) (Qing et al.,
2023; Yeon et al., 2019), reducing bacterial
adhesion to the gastric mucosa by inhibiting
urease activity as well as disrupting ATP-
binding cassette proteins and fatty acid me-
tabolism (Yang et al., 2022b), thus suppress-
ing the growth and proliferation of H. pylori.
This may be why CLD showed the best H. py-
lori eradication rates in these five herbal for-
mulas.

It is worth emphasizing that CLD has the
potential to regulate the PISBK/AKT signaling
pathway. As it is well-known, the PI3K/AKT
signaling pathway plays a crucial role in reg-
ulating various cellular processes such as
growth, proliferation, survival, and metabo-
lism, aberrant activation of this pathway is
frequently observed in atrophic gastritis (Na-
vaei et al., 2022; Xie and Liu, 2018). This ab-
errant activation leads to increased expression
of transforming growth factor-alpha (TGF-a),
followed by up-regulation of epidermal
growth factor receptor (EGFR) and abnormal
expression of TFF-a, disrupting the normal
proliferation regulation of cells and conse-
quently promoting the progression of precan-
cerous lesions to gastric cancer (Chaturvedi et
al., 2014; Filipe et al., 1995). Notably, in vitro
experiments have shown that CLD effectively
reduced inflammation induced by bile acids in
gastric epithelial cells and inhibits cell prolif-
eration. This was achieved by negatively reg-
ulating the EGFR/PI3SK/AKT/mTOR path-
way to reverse intestinal epithelial metaplasia
(Sun et al., 2023). Additionally, it suppressed
the AKT/mTOR pathway, which has been
demonstrated to significantly induce apopto-
sis in cisplatin-induced drug-resistant cells
(Peng etal., 2010). Saikosaponin inhibited the
IKK B/NF-«kB pathway, leading to apoptosis
and autophagy in GC cells while increasing
the sensitivity of gastric cancer cells to Cis-
platin. Moreover, isorhamnetin inhibited GC
cell proliferation and promoted apoptosis by
modulating the PI3BK/AKT pathway (Lv et al.,
2024). These pharmacological activities may
contribute to the beneficial effects of CLD in
alleviating inflammation in chronic atrophic
gastritis, gastric mucosal atrophy, reversing
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intestinal metaplasia, and preventing carcino-
genesis.

Taken together, both CON and herbal
remedies have their own strengths and limita-
tions. CON, as a conventional treatment strat-
egy, can be more targeted and precise, espe-
cially for patients with CAG accompanied by
H. pylori infection, which can control the in-
fection in a short time. However, the develop-
ment of drug resistance brought about by
long-term use has created new challenges for
this therapy (Rockhold, 2017). Our results
showed that Sijunzi-similar formulae display
significant advantages. Concerning clinical
efficiency and H. pylori eradication rate,
CLD+CON was the most favorable treatment
plan relative to other options, whereas CON
demonstrated the least favorable therapeutic
effects (clinical efficiency: CLD+CON
(89.37 %) vs CON (16.67 %); H. pylori erad-
ication rate: CLD+CON (79.14 %) vs CON
(2.30 %)). Moreover, regarding TCM symp-
tom score, CON consistently produced the
least favorable outcomes (abdominal pain:
CON (80.77 %) vs LD+CON (29.58 %); in-
appetence: CON (60.64 %) vs CLD+CON
(14.55 %)). The comprehensive therapeutic
effects of CLD are the most prominent ones.
Therefore, CLD may represent an optimal and
complementary therapeutic strategy.

Limitations

Firstly, it should be noted that the in-
cluded studies have methodological limita-
tions. We evaluated 24 randomized controlled
trials using Review Manager 5.3 software.
Most studies exhibited unclear biases, partic-
ularly selection and performance biases. None
of the included RCTs mentioned whether par-
ticipant blinding, allocation concealment, and
staff blinding were implemented. Undoubt-
edly, this has somewhat compromized the
credibility and effectiveness of the trial re-
sults. Furthermore, the included studies only
assessed the effects of these six treatment reg-
imens at the end of the trials, without tracking
symptoms, signs, and quality of life of pa-
tients after the trial. This lack of follow-up
prevents us from understanding the recur-

rence status of CAG patients after treatment
with these six interventions. Moreover, one
characteristic of individualized traditional
Chinese medicine treatment is that even stud-
ies of the same intervention exhibit differ-
ences in treatment regimens (duration, fre-
quency of medication) and the drugs used
(types and dosages), which have been over-
looked. Additionally, the exploration of the
mechanism of action of traditional Chinese
medicine formulas in treating CAG remains
incomplete. On one hand, formulae consist of
various Chinese herbs with diverse and com-
plex components, necessitating more sophis-
ticated methods to explore the types of these
components, as well as their targets and path-
ways. On the other hand, the occurrence and
development of CAG are highly complex,
with most studies only investigating the
mechanisms of action of these five traditional
Chinese medicine formulas and their active
ingredients against atrophic gastritis induced
by H. pylori, bile acids, and nitrosamines,
lacking comprehensive evaluation of their ef-
ficacy. Therefore, in the future, we need to
conduct more rigorous and comprehensive
clinical trials to provide more compelling ev-
idence.

CONCLUSION

Based on the BNMA results, combining
herbal formulation with traditional treatment
demonstrated superior clinical efficacy, H.
pylori eradication rate, TCM symptom score,
and lower incidence of adverse effects com-
pared to traditional therapy alone. Among the
six strategies evaluated, CLD+CON was
identified as the optimal treatment approach.
However, the lack of diversity in the study de-
signs limited the ability to directly compare
different herbal formula combinations, reduc-
ing the reliability of the results. It is impera-
tive to conduct an increased number of metic-
ulously designed RCTs to explore the effec-
tiveness of combining herbal formulae with
conventional treatment strategies for patients
with CAG.
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