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Abstract

Background: Non-erosive reflux disease (NERD) is the most prevalent gastroesophageal reflux disease. Currently, pr&
pump inhibitors are the most commonly used treatment for NERD. Recently, the demand for herbal medicines with relatively few
side effects is increasing and trials confirming the effectiveness and safety of herbal medicines for the treatment of NERD have
been conducted. This study aimed to investigate the effectiveness and safety of herbal medicine in the treatment of NERD through
published randomized-controlled trials.

Methods: Ten electronic databases were searched from inception until May 20283. Disease, intervention-related terms,
and publication type keywords were combined as search terms. Studies designed as randomized controlled trials, including
participants diagnosed with NERD with any type of herbal medicine as a treatment intervention were included. Data extraction and
analysis were conducted by 2 independent reviewers. The total clinical efficacy rate was assessed as a primary outcome, while the
secondary outcomes were recurrence rate, reflux diagnostic questionnaire score, short-form 36 health survey score, and serum
motilin level. The risk of bias in each study and quality of evidence were assessed.

Results: Thirty-four randomized controlled trials involving 3759 patients were analyzed. Herbal medicine was significantly more
effective in improving total clinical efficacy, recurrence rate, reflux diagnostic questionnaire score, some domains of short-form 36
health survey, and serum motilin levels in patients with NERD than conventional medical therapy. No severe intervention-related
adverse effects were observed. Regarding the quality of evidence, most outcomes were revealed to have moderate to low levels
of evidence.

Conclusion: This systematic review and meta-analysis suggests that herbal medicine can be an effective and safe therapy for
NERD; however, there are several limitations regarding the methodological quality of the included studies. Further research with
high methodological quality is necessary to improve the quality of evidence.

Abbreviations: Cl| = confidence interval, GERD = gastroesophageal reflux disease, MD = mean difference, MeSH = Medical
Subject Headings, NERD = non-erosive reflux disease, PPl = proton pump inhibitor, RCT = randomized controlled trial, RDQ =
reflux diagnostic questionnaire, RR = relative risk, SF-36 = short-form 36 health survey, TCE = total clinical efficacy, TCM =
traditional Chinese medicine.

Keywords: herbal medicine, meta-analysis, non-erosive reflux disease, systematic review, total clinical efficacy rate

Non-erosive reflux disease (NERD) is the most common type,
accounting for more than 70% of all cases, followed by ero-
sive esophagitis and Barrett’s esophagus.’! NERD is defined

1. Introduction
Gastroesophageal reflux disease (GERD), one of the most

common chronic gastrointestinal disorders, has 3 pheno-
types, based on endoscopic and histopathological findings.!"
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symptoms of heartburn and regurgitation.®’ Currently, med-
ical and surgical therapies and lifestyle modifications, such
as avoiding meals before bedtime, changing dietary habits,
or cessation of cigarette smoking, are available for symptom
management. Medical therapies include oral administration
of proton pump inhibitors (PPIs), histamine receptor antag-
onists, and prokinetic agents.!! PPI therapy is the first-choice
treatment for both erosive and non-erosive GERD with its
mucosal healing effect, but the pathogenesis of NERD is not
the same as erosive esophagitis, and PPI is known to be effec-
tive only in approximately half of NERD patients. Other than
acidic gastroesophageal reflux conditions, such as esophageal
motility disorders, eosinophilic esophagitis, and functional
heartburn, are considered the main causes of symptoms in
the remaining 50% of NERD patients. The guideline states
that adding rikkunshito, an herbal formulation, is effective for
PPI-resistant NERD patients.*! According to clinical practice
guidelines of Korean medicine on functional gastrointestinal
disorders, co-administering herbal medicine with conven-
tional Western medicine as an add-on treatment is recom-
mended with strengths of recommendation B.5 In addition,
the long-term use of PPIs should be performed with careful
attention considering its potential risks such as developing
carcinoid tumors, influencing gastrointestinal infections, and
intestinal bacteria.l!

Systematic reviews and meta-analyses have investigated the
efficacy and safety of herbal medicines in the treatment of gas-
trointestinal diseases.”"'!l A systematic review and meta-analysis
have suggested that modified Banxia Xiexin Decoction, a clas-
sical Chinese herbal formula, has positive effect on the manage-
ment of GERD symptoms compared to conventional Western
medicine,/”! and another meta-analysis revealed the efficacy and
safety of Banxia Xiexin Decoction in the treatment of GERD
through gastroscopy results, recurrence rate, and improvement
in the symptom measures.!'!! As the most recent study reported
the effects of herbal medicine on the treatment of NERD, in
2018, a meta-analysis to investigate the therapeutic effects and
safety of traditional Chinese medicine (TCM) for NERD was
conducted. It was concluded that TCM therapy alone allevi-
ates NERD symptoms and reduces the recurrence rate and
side effects.!'?l However, the searched databases were limited to
English and Chinese language, and studies that co-administered
Western medicine in the intervention of the experimental group
were excluded from the above study.

In this systematic review and meta-analysis, we investigated
the effects of herbal prescriptions in the treatment of NERD.
Considering that there is an increasing demand for complemen-
tary and alternative methods for diseases in which conventional
treatment does not have sufficient effects, especially those rel-
evant to functional problems, and that a high proportion of
patients take a combination of herbal medicine and Western
medicine,"3! the results of this prior study simply comparing
herbal formulation and conventional medicine had limitations
for direct application in clinical practice. We included 15 more
recent studies published after the search date of the previous
study. Cases that used herbal medicine alone or in combina-
tion with Western medicine in the experimental groups were
included in our analysis. We attempted to compare the effective-
ness of herbal medicines to that of Western medicines alone to
directly apply them in clinical situations. The effects of herbal
medicine alone and in combination with conventional medicine
were investigated separately.

2. Methods

This systematic review was conducted in accordance with the
Cochrane Handbook for Systematic Reviews of Interventions,
version 6.4.1"" No ethical approval was needed because all data
in this study were derived from published studies.
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2.1. Protocol and registration

The study protocol was registered in the International
Prospective Register of Systematic Reviews (PROSPERO). The
registration number is CRD42023423052.

2.2. Search strategy and selection criteria

Two independent authors (MK and CP) searched the lit-
erature published from inception to May 2023, from 10
electronic databases including MEDLINE (via PubMed),
Cochrane Central Register of Controlled Trials (CENTRAL),
Embase, Allied and Complementary Medicine Database
(AMED), China National Knowledge Infrastructure Database
(CNKI), Citation Information by Nii (CiNii), Korean Medical
Database (Kmbase), Korean Studies Information Service
System (KISS), National Digital Science Library (NDSL), and
Oriental Medicine Advanced Searching Integrated System
(OASIS). There were no restrictions on the language or pub-
lication date.

The search terms for the English databases were created by
combining Medical Subject Headings (MeSH) and free-text
words of disease-related, intervention-related terms, and publi-
cation type. The terms “gastroesophageal reflux,” “herbal med-
icine,” and “randomized controlled trials,” which are listed in
MeSH terms produced by the National Library of Medicine and
synonyms of each, were combined to establish the search terms
for each database. For disease-related terms, because the word
“Non-erosive reflux disease” was not separately listed in the
MeSH term, synonyms used in the titles or abstracts of previous
studies were used.!'>'51¢ In addition, we referred to the search
terms of other studies in the same field to set more detailed
search terms.['7:18]

All searched studies were investigated according to the fol-
lowing inclusion criteria: studies designed as randomized con-
trolled trials (RCT); studies including participants diagnosed
with NERD; studies involving any type of herbal medicine as a
treatment intervention; and studies using one or more outcome
measures, such as total clinical efficacy (TCE) rate, recurrence
rate, or symptom score. Studies with the following criteria were
excluded: (1) studies other than RCTs, such as case reports,
retrospective studies, or reviews; (2) animal studies; (3) studies
involving patients diagnosed with any organic disease associated
with symptoms other than NERD; (4) studies involving only
non-adults aged <19 years; (5) studies including herbal medicine
as an intervention in both the control and treatment groups;
and (6) studies using other traditional treatment methods in the
treatment group. Disagreements between the 2 researchers were
resolved through discussions with a third researcher (S-JK). The
study selection process was performed using the EndNote X20
software.

2.3. Data extraction

Two independent reviewers (MK and CP) extracted informa-
tion on the first author, publication year, language, intervention
methods, treatment period, outcome measures, results, and side
effects of the included studies. The data obtained were orga-
nized in a pre-established form.

2.4. Quality assessment

The quality of each study was assessed by 2 independent
researchers (J-WP and JK) using Cochrane risk-of-bias tool ver-
sion 2.0. Six domains of randomization process, deviations from
intended interventions, missing outcome data, measurement of
the outcome, selection of the reported results, and overall bias
were assessed and each was determined as one of “low risk,”
“some concerns,” or “high risk.”
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Figure 1. PRISMA flow diagram of study selection.

2.5. Data analysis and synthesis

Review Manager 5.4 software!’” was used for data synthesis
and statistical analyses. For TCE and recurrence rate, which
are dichotomous data, the results were presented as relative
risk (RR) with a 95% confidence interval (CI), and the Mantel-
Haenszel estimation method was applied. For the reflux diag-
nostic questionnaire (RDQ) scores, short-form 36 health survey
(SF-36), and serum motilin levels, which are continuous data,
results were assessed as the mean difference (MD) with a 95%
CI, and the inverse variance estimation method was used.
Statistical significance was set at P < .035. To assess the heteroge-
neity of the results, I statistics was used. An I? statistic value of
>50% was considered to indicate significant heterogeneity, and
a random-effects model was used. For I’ statistical values of or
under 50%, a fixed-effects model was applied. For the primary
outcome, subgroup analysis was conducted to minimize hetero-
geneity, and a funnel plot was used to examine publication bias.

2.6. Grading quality of evidence

We assessed the quality of evidence using the Grading of
Recommendation, Assessment, Development, and Evaluation
approach. The level of evidence was classified as very low, low,
moderate, or high according to the risk of bias, inconsistency,

indirectness, imprecision, and other considerations such as pub-
lication bias.?”!

3. Results

3.1. Study selection

A total of 4212 studies were identified during the first search, of
which 464 were initially excluded because of duplications. The
titles and abstracts of the remaining 3748 studies were investigated,
and 3667 studies were excluded because they were not RCT or
irrelevant to NERD and herbal medicine. In the next phase, 46
studies were investigated by full-text review and 12 studies were
excluded. Among these, 2 studies were not clinical trials, 3 had
inappropriate participants, 6 involved inappropriate interventions,
and one was duplicated. Finally, 34 studies that met all the inclu-
sion criteria were selected. All the experiments were conducted by
2 independent researchers (MK, CP, and S-JK) (Fig. 1).

3.2. Study characteristics

All the 34 included studies were designed as parallel RCTs. Only
4 articles® 2% were written in English and 30 were written in
Chinese. A summary of the data extracted from these studies is
provided in Table 1.
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Prescription and composition of herbal medicine.

Study Herbal medicine

Zhuetal. Liuwei anxiao capsule (Dried root of /nula helenium L. 50g, Dried root of Rheum palmatum L. 200g, Fruit of Crataegus pinnatifida Bunge 150g, Fruit of Termina-

(2007) lia chebula Retz. 100g, Arca inflata Reeve. 250q, Gypsum lamelliforme 300g)

Chen et al. Banxia houpo decoction plus Zuojin pill (Tuber of Pinellia ternata (Thunb.) Makino 10g, Stem bark of Magnolia officinalis Rehder & E.H.Wilson 10g, Dried rhizome

(2010) of Coptis chinensis Franch. 12g, Fruit of Tetradium ruticarpum (A.Juss.) T.G.Hartley 2g, Poria cocos F.A.Wolf 15g, Dried rhizome of Glycyrrhiza uralensis Fisch.
ex DC. 10g, Dried leaf of Perilla frutescens (L.) Britton 10g)

Lietal. Tongjiang granule (mainly composed of Stem of Perilla frutescens var. crispa (Thunb.) H.Daene, Dried rhizome of Cyperus rotundus L., Sepia esculenta Hoyle,

(2011) Dried rhizome of Glycyrrhiza uralensis Fisch. ex DC.)

Zhong et al. Jiangni hewei decoction (Haematites 30g, Arca inflata Reeve. 30g, Flower of Inula japonica Thunb. 10g, Tuber of Pinellia ternata (Thunb.) Makino 10g, Stem

(2011) of Bambusa tuldoides Munro 10g, Immature fruit of Citrus aurantium L. 10g, Dried root of Bupleurum falcatum L. 10g, Dried tuber of Corydalis yanhusuo
(Y.H.Chou & Chun C.Hsu) W.T.Wang ex Z.Y.su & C.Y.Wu 10g, Stem bark of Magnolia officinalis Rehder & E.H.Wilson 10g, Stem of Perilla frutescens var. crispa
(Thunb.) H.Daene 10g, Dried herb of Taraxacum mongolicum hand.-Mazz. 20g, Dried aerial parts of Artemisia capillaris Thunb. 209, Sepia esculenta Hoyle
15g, Dried ripe pericarp of Citrus aurantium f. deliciosa (Ten.) M.Hiroe 6g, Dried rhizome of Glycyrrhiza uralensis Fisch. ex DC. 3g)

Chen et al. Jianpi ginggan jiangni decoction (Dried root of Astragalus mongholicus Bunge 25g, Dried root of Codonopsis pilosula (Franch.) Nannf. 12g, Poria cocos F.A.Wolf

(2012) 129, Dried rhizome of Atractylodes macrocephala Koidz. [Asteraceae; Atractylodes macrocephala dried rhizome] 129, Dried ripe pericarp of Citrus aurantium
f. deliciosa (Ten.) M.Hiroe 12g, Tuber of Pinellia ternata (Thunb.) Makino 12g, Flower of /nula japonica Thunb. 12g, Immature fruit of Citrus aurantium L.12g,
Dried tuber of Corydalis yanhusuo (Y.H.Chou & Chun C.Hsu) W.T.Wang ex Z.Y.su & C.Y.Wu 12g, Dried rhizome of Coptis chinensis Franch. 6g, Dried root of
Inula racemosa Hook..f. 69, Fruit of Tetradium ruticarpum (A.Juss.) T.G.Hartley 3, Arca inflata Reeve. 159, Dried tuber of Bletilla striata (Thunb.) Rehh.f. 15g,
Dried rhizome of Glycyrrhiza uralensis Fisch. ex DC. 5g)

Yang et al. modified Banxia xiexin decoction (Tuber of Pinellia ternata (Thunb.) Makino 9g, Dried root of Scutellaria baicalensis Georgi 15g, Dried rhizome of Coptis chinensis

(2012) Franch. 6g, Dried rhizome of Alpinia officinarum Hance 10g, Dried bulb of Fritillaria thunbergii Miq. 15g, Dried herb of Taraxacum mongolicum hand.-Mazz.
[Asteraceae; Taraxacum mongolicum dried herb] 15g, Dried trunk of Santalum album Linne [Santalaceae; Santalum album dried trunk] 5g, Dried ripe fruit of
Trichosanthes kirilowii Maxim. 10g, Dried rhizome of Glycyrrhiza uralensis Fisch. ex DC. 69)

Lietal. Tongjiang granule (Dried leaf of Perilla frutescens (L.) Britton, Dried rhizome of Cyperus rotundus L., Dried rhizome of Coptis chinensis Franch., Fruit of Tetradium

(2013) ruticarpum (A.Juss.) T.G.Hartley, Citrus aurantium L., Sepia esculenta Hoyle, et cetra.)

Yang et al. modified Banxia xiexin decoction (Tuber of Pinellia ternata (Thunb.) Makino 9g, Dried root of Scutellaria baicalensis Georgi 15g, Dried rhizome of Coptis chinensis

(2013) Franch. 6g, Dried rhizome of Alpinia officinarum Hance 10g, Dried bulb of Fritillaria thunbergii Miq. 15g, Dried herb of Taraxacum mongolicum hand.-Mazz.
15g, Dried trunk of Santalum album L. 5g, Dried ripe fruit of Trichosanthes kirilowii Maxim. 10g, Dried rhizome of Glycyrrhiza uralensis Fisch. ex DC. 69)

Wang modified Banxia xiexin decoction (Tuber of Pinellia ternata (Thunb.) Makino 9g, Dried root of Scutellaria baicalensis Georgi 15g, Dried rhizome of Coptis chinensis

(2014) Franch. 6g, Dried rhizome of Alpinia officinarum Hance 10g, Dried bulb of Fritillaria thunbergii Miq. 15g, Dried herb of Taraxacum mongolicum hand.-Mazz.

Tominaga et al.
(2014)

Zhang et al.
(2015)

Pan et al.
(2016)
Fuetal
(2016)

Zhou et al.
(2016)

He

(2016)

Du et al.
(2017)

Niu et al.
(2018)

Anetal.
(2019)

Zhang et al.
(2019)

159, Dried trunk of Santalum album L. 5g, Dried ripe fruit of Trichosanthes kirilowii Maxim. 10g, Dried rhizome of Glycyrrhiza uralensis Fisch. ex DC. 6g)
Rikkunshito (Dried rhizome of Atractylodes lancea (Thunb.) DC. 4g, Dried root of Panax ginseng C.A. Mey. 4g, Tuber of Pinellia ternata (Thunb.) Makino 4g, Poria
cocos F.A.Wolf 4g, Dried ripe fruit of Ziziphus jujuba Mill. 2, Dried ripe pericarp of Citrus aurantium f. deliciosa (Ten.) M.Hiroe 29, Dried rhizome of Glycyrrhiza
uralensis Fisch. ex DC. 1g, Dried rhizome of Zingiber officinale Roscoe 0.5¢)
mainly composed of Immature fruit of Citrus aurantium L. and Dried rhizome of Atractylodes macrocephala Koidz.

Kangfuxin liquid (mainly composed of Periplaneta americana extraction)

Ningshen qingdan decoction (Dried root of Bupleurum chinense DC. 10g, Dried root of Scutellaria baicalensis Georgi 10g, Tuber of Pinellia ternata (Thunb.)
Makino 10g, Immature fruit of Citrus aurantium L. 10g, Dried tuber of Corydalis yanhusuo (Y.H.Chou & Chun C.Hsu) W.T.Wang ex Z.Y.su & C.Y.Wu 10g, Dried
rhizome of Coptis chinensis Franch. 6g)

Wumei wan decoction (Almost ripe and dried fruit of Prunus mume (Siebold) Siebold & Zucc. 10g, Dried root of Asarum heterotropoides F.Schmidt 6g, Dried
rhizome of Alpinia officinarum Hance 6g, Dried rhizome of Coptis chinensis Franch. 10g, Dried bark of Phellodendron chinensis C.K.Schneid. 6g, Dried root
of Angelica sinensis (Oliv.) Diels 10g, Processed daughter root of Aconitum carmichaelii Debeaux 6g, Zanthoxylum armatum var. armatum 4g, Dried bark of
Cinnamomum verum J.Presl 10g, Dried root of Panax ginseng C.A. Mey. 10g)

Chaihu plus Longgu muli decoction (Ostrea gigas Thunberg 30g, Dried root of Bupleurum chinense DC. 12q, Poria cocos F.A.Wolf 20g, Fossilia 0ssis Mastodi
30g, Dried root of Scutellaria baicalensis Georgi 10g, Dried root of Rheum palmatum L. 9g, Tuber of Pinellia ternata (Thunb.) Makino 12g, Dried rhizome of
Zingiber officinale Roscoe 3 pieces, Dried bark of Cinnamomum verum J.Presl 10g, Dried ripe fruit of Ziziphus jujuba Mill. 10 pieces)

Tiaowei jiangni decoction (Dried herb of Taraxacum mongolicum hand.-Mazz. 30g, Dried germinated ripe fruit of Hordeum vulgare L. 30g, Dried root of
Bupleurum chinense DC. 15g, Immature fruit of Citrus aurantium L. 15g, Dried rhizome of Atractylodes macrocephala Koidz. 15g, Poria cocos F.A.Wolf 159,
Tuber of Pinellia ternata (Thunb.) Makino 159, Sepia esculenta Hoyle 15g, Dried root of Paeonia lactiflora Pall. 10g, Dried flower bud of Syzygium aromaticum
(L.) Merr. & L.M.Perry 10g, Stem of Bambusa tuldoides Munro 10g, Dried bulb of Fritillaria thunbergii Mig. 10g, Dried ripe fruit of Wurfbainia villosa (Lour.)
Skornick. & A.D.Poulsen 10g, Dried rhizome of Glycyrrhiza uralensis Fisch. ex DC. 6g)

Jiangni qingging huazhuo formula (Dried root of Bupleurum chinense DC. 12g, Dried root of Paeonia lactiflora Pall. 10g, Immature fruit of Citrus aurantium
L. 15g, Dried rhizome of Glycyrrhiza uralensis Fisch. ex DC.10g, Dried rhizome of Atractylodes lancea (Thunb.) DC. 10g, Stem bark of Magnolia officinalis
Rehder & E.H.Wilson 15g, Dried branch bark of Fraxinus chinensis subsp. Rhynchophylla (Hance) A.E.Murray 10g, Fruit of Tetradium ruticarpum (A.Juss.)
T.G.Hartley 3g, Dried rhizome of Coptis chinensis Franch. 10g, Sepia esculenta Hoyle30g, Dried heart wood of trunk of Dalbergia odoriferaT.C.Chen 10g,
Dried aerial parts of Eupatorium fortune Turcz. 10g, Dried ripe fruit of Gardenia jasminoides J.Ellis 10g, et cetra.)

Hegan granule (Dried root of Angelica sinensis (Oliv.) Diels 10g, Dried root of Paeonia lactiflora Pall. 10g, Dried root of Codonopsis pilosula (Franch.) Nannf. 10g,
Dried rhizome of Atractylodes macrocephala Koidz. 10g, Poria cocos F.A.Wolf 10g, Dried root of Bupleurum chinense DC. 9g, Dried aerial parts of Mentha
canadensis L. 39, Stem of Perilla frutescens var. crispa (Thunb.) H.Daene 9g, Dried rhizome of Cyperus rotundus L. 9g, Dried rhizome of Zingiber officinale
Roscoe 3g, Dried ripe fruit of Ziziphus jujuba Mill. 4 pieces, Dried rhizome of Glycyrrhiza uralensis Fisch. ex DC. 6g)

modified Sini powder (Dried root of Bupleurum chinense DC. 10g, Dried root of Paeonia lactiflora Pall. 10g, Immature fruit of Citrus aurantium L. 10g, Dried
rhizome of Glycyrrhiza uralensis Fisch. ex DC. 10g, Dried root bark of Paeonia suffruticosa Andrews 15g, Dried ripe fruit of Gardenia jasminoides J.Ellis 15g,
Flower of Inula japonica Thunb. 15g, Arca inflata Reeve. 159, Haematites 159, Sepia esculenta Hoyle 15g, Dried rhizome of Coptis chinensis Franch. 6g, Fruit
of Tetradium ruticarpum (A.Juss.) T.G.Hartley 6g)

(Continued)
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Zheng et al. Hewei tongjiang decoction (Arca inflata Reeve. 30g, Poria cocos F.A.Wolf 20g, Dried ripe fruit of Trichosanthes kirifowii Maxim. 20g, Tuber of Pinellia ternata

(2019 (Thunb.) Makino 15g, Dried leaf of Perilla frutescens (L.) Britton 15g, Stem of Bambusa tuldoides Munro 15g, Stem bark of Magnolia officinalis Rehder &
E.H.Wilson 10g, Dried rhizome of Zingiber officinale Roscoe 10g, Dried rhizome of Coptis chinensis Franch. 10g, Dried ripe pericarp of Citrus aurantium f.
deliciosa (Ten.) M.Hiroe 10g, Immature fruit of Citrus aurantium L. 10g, Dried stem bark of Melia azedarach L. 10g, Dried root of Bupleurum chinense DC.
10q, Fruit of Tetradium ruticarpum (A.Juss.) T.G.Hartley 5g)

Huang Weisu granule (Immature fruit of Citrus aurantium L., Dried ripe fruit of Citrus medica L., Dried rhizome of Cyperus rotundus L., Dried branch bark of Fraxinus

(2019) chinensis subsp. Rhynchophylla (Hance) A.E.Murray, Dried pericarp of Areca catechu L., Dried leaf of Perilla frutescens (L.) Britton)

Huang et al. Hewei tongjiang decoction (Dried root of Bupleurum chinense DC. 10g, Dried ripe seed of Aesculus chinensis Bunge 30g, Dried root of Codonopsis pilosula

(2020) (Franch.) Nannf. 12g, Dried root of Paeonia lactiflora Pall. 12, Dried receptacle of Nelumbo nucifera Gaertn. 12g, Tuber of Pinellia ternata (Thunb.) Makino
10g, Immature fruit of Citrus aurantium L. 109, Sepia esculenta Hoyle 20g, Stem of Bambusa tuldoides Munro 15g, Dried rhizome of Dioscorea oppositifolia
L. 15g, Dried tuber of Corydalis yanhusuo (Y.H.Chou & Chun C.Hsu) W.T.Wang ex Z.Y.su & C.Y.Wu 9g, Galli Stomachichum Corium 3g)

Yin et al. Chaihu wendan decoction (Dried root of Bupleurum chinense DC. 12g, Dried tuber of Arisaema erubescens (Wall.) Schott 15g, Dried rhizome of Coptis chinensis

(2020) Franch. 12g, Arca inflata Reeve. 209, Immature fruit of Citrus aurantium L. 129, Sepia esculenta Hoyle 20g, Dried branch bark of Fraxinus chinensis subsp.
Rhynchophylla (Hance) A.E.Murray 15g, Tuber of Pinellia ternata (Thunb.) Makino 12g, Dried rhizome of Cyperus rotundus L. 15g, Dried rhizome of Zingiber
officinale Roscoe 99, Poria cocos F.A.Wolf 12g, Dried rhizome of Atractylodes macrocephala Koidz. 12g, Dried rhizome of Glycyrrhiza uralensis Fisch. ex DC.
69)

Zhai et al. Qizhi weitong granule (Dried root of Paeonia lactiflora Pall., Dried root of Bupleurum chinense DC., Dried rhizome of Cyperus rotundus L., Dried tuber of Corydalis

(2021) yanhusuo (Y.H.Chou & Chun C.Hsu) W.T.Wang ex Z.Y.su & C.Y.Wu, Immature fruit of Citrus aurantium L., Dried rhizome of Glycyrrhiza uralensis Fisch. ex DC.)

Cao et al. Guipi decoction (Dried root of Codonopsis pilosula (Franch.) Nannf. 12g, Dried root of Astragalus mongholicus Bunge 15g, Dried rhizome of Atractylodes

(2021) macrocephala Koidz. 129, Dimocarpus longan Lour. 15g, Dried rhizome of Glycyrrhiza uralensis Fisch. ex DC. 69, Poria cocos F.A.Wolf 12g, Dried root of
Angelica sinensis (Oliv.) Diels 12g, Dried root of Dolomiaea souliei (Franchet) C.Shih 6g, Dried ripe fruit of Ziziphus jujuba Mill. 6g, Dried rhizome of Zingiber
officinale Roscoe 6g, Dried root of Polygala tenuifolia Willd. 12g)

Zhang Shensang banfo decoction (Dried root of Astragalus mongholicus Bunge 159, Dried root tuber of Pseudostellaria heterophylla (Miq.) Pax 10g, Dried ripe fruit of

(2021) Citrus medica L. 10g, Dried root of Platycodon grandifloras (Jacq.) A. DC. 6g, Tuber of Pinellia ternata (Thunb.) Makino 10g, Dried young branch of Morus alba
L. 10g, Resin containing wood of Aquilgria sinensis (Lour.) Spreng. 24, Fruit of Tetradium ruticarpum (A.Juss.) T.G.Hartley 2g)

Zhou et al. Jianzhong jiangni decoction (Dried root of Vincetoxicum mukdenense Kitag. 30g, Arca inflata Reeve. 30g, Ostrea gigas Thunberg 30g, Sepia esculenta Hoyle

(2022) 30g, Dried root of Codonopsis pilosula (Franch.) Nannf. 20g, Dried tuber of Corydalis yanhusuo (Y.H.Chou & Chun C.Hsu) W.T.Wang ex Z.Y.su & C.Y.Wu
20g, Dried rhizome of Atractylodes macrocephala Koidz. 10g, Poria cocos F.A.Wolf 10g, Tuber of Pinellia ternata (Thunb.) Makino 10g, Dried root of Paeonia
lactiflora Pall. 10g, Dried rhizome of Cyperus rotundus L. 10g, Flower of Inula japonica Thunb. 10g, Dried heart wood of trunk of Dalbergia odoriferaT.C.Chen
5g, Dried rhizome of Glycyrrhiza uralensis Fisch. ex DC. 3g)

Liu Yueju pill plus Xuanfu daizhe decoction (Dried rhizome of Atractylodes lancea (Thunb.) DC. 10g, Dried blighted caryopsis of Triticum aestivum L. 10g, Dried rhi-

(2022) zome of Cyperus rotundus L. 10g, Dried leaf and young foliferous branch of Murraya paniculate (L.) Jack 10g, Dried ripe fruit of Gardenia jasminoides J.Ellis

10g, Flower of Inula japonica Thunb. 9g, Tuber of Pinellia ternata (Thunb.) Makino 9g, Dried rhizome of Glycyrrhiza uralensis Fisch. ex DC. 9g, Dried root of
Panax ginseng C.A.Mey. 69, Haematites 6g, Dried rhizome of Zingiber officinale Roscoe 8g, Dried ripe fruit of Ziziphus jujuba Mill. 10g)

3.2.1. Participants. The total number of included participants
was 3759, all of whom were diagnosed with NERD based on
clinical symptoms and endoscopy results.

3.2.2. Intervention. As an intervention in the treatment group,
herbal medicine alone was used in 15 articles®=° and herbal
medicine combined with Western medicine was used in the other 17
articles.?2234-541 Herbal medicine with Western medicine placebo
was used in another 2 studies,?"** and lifestyle modifications
such as limiting alcohol consumption, avoiding smoking and
overeating, or wearing loose clothes were recommended to all
participants in 7 studies.3%3*3%374448521 The treatment period
varied from 2 to 12 weeks in all the included studies, and 8-weeks
of duration was reported to be the most common.

PPI was used most frequently in Western medicine.
Omeprazole, rabeprazole, esomeprazole, pantoprazole, and lan-
soprazole were used in order of frequency, and the first 2 were
used in 8 studies each. Mosapride and domperidone were used as
prokinetics in combination with PPIs in all 6 cases.[26:3%43:44:49,50]
Flupentixol and melitracen have been used as other Western
medicinal interventions. The composition of herbal medicines
was reported in 28 articles,?12225731.33-44:46-50.52-541 gand specific
herbal materials were added according to the symptoms in 8
studies.[26:31:3435,37,39,53,541 Geydies that reported the exact compo-
sition of each herbal medicine are presented in Table 2, while a
summary of the added herbs is presented in Table 3.

3.2.3. Adverse events. Adverse effects reported in each study
are presented in Table 1. Seventeen studies!?!-25:28:30-33,39,45,49-53]
reported side effects during or after the intervention. Among
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them, the results of liver and renal function tests were mentioned
in 3 studies.*>*32 Participants in the treatment groups in 2 of
these studies**?! were administered herbal medicine and PPI,
and participants in another study*’! were administered herbal
medicine and both PPI and prokinetic agents. Results in both
groups of all 3 studies revealed no abnormalities after treatment.
No severe intervention-related adverse events were observed in
the remaining studies.

3.3. Assessment of risk of bias

The total results and summary of the quality assessment for
each domain are shown in Figures 2 and 3, respectively.

The overall risk of bias was identified to be some concern
in 27 studies,?5-32:343537-48,50-54 [ow risk in 5 studies,?'-**33 and
high risk in 2 studies.***! The risk of bias in the randomization
process was evaluated to be some concerns or high in 10 stud-
1es[26:28,30.31,36,37.43.47.52 hecause the randomization methods were
not reported or conducted according to the order of visits. Most
of the included studies were rated as having a high risk of bias
on deviations from the intended interventions owing to the dif-
ferences in the properties of the intervention administered. For
bias on missing outcome data, all the included studies had a
low risk of bias, except for 2 studies’***! with missing values.
Because there were no sufficient explanations on the appropri-
ate blinding process in the outcome measure, most studies were
rated to some concerns and 5 studies>'>**! had a low risk of
bias. In addition, 3 studies’?****! were evaluated as having a
high risk of bias, and the remaining 31 studies had a low risk.



Kim et al. ¢ Medicine (2024) 103:45

3.4. Primary outcome: total clinical efficacy rate

Twenty-eight studies?6363-4951-54 among the included studies
used TCE as an outcome measure, and a total of 2989 partici-
pants were included in the analysis. In these studies, the treat-
ment outcome of each participant was classified as one among
“clinically cured,” “efficient,” “improved,” or “invalid,” accord-
ing to the degree of change in symptom scores. Among them,
“clinically cured,” “efficient,” and “improved” were regarded as
clinically effective cases, and TCE was defined as ratio of the
total number of cases and clinically effective cases. The combi-
nation of herbal medicine alone or in combination with Western
medicine showed that including herbal medicines for the treat-
ment of NERD was significantly more effective than administer-
ing Western medicine alone (RR =1.21; 95% CI [1.16, 1.27];
P <.00001), and the heterogeneity was moderate (I*>=49%).
Studies using herbal medicine alone or in combination with
Western medicine in the treatment group were also analyzed
separately. Administering herbal medicine alone was more
effective than Western medicine with statistical significance
(RR =1.16;95% CI[1.08,1.25]; P < .0001). Co-administration
of herbal medicine and conventional Western medicine was also
found to be significantly more effective in treating NERD com-
pared to the control groups (RR =1.25; 95% CI [1.19, 1.31];

Summary of added herbs mentioned twice or more in the
text according to symptoms.

Symptom Added-herbs

Obvious acid reflux or ~ Sepia esculenta Hoyle, Arca inflata Reeve.
regurgitation
Obvious heartburn
Obvious belching

Dried root of Gentiana lutea L.

Haematites, Flower of Inula japonica Thunb., Dried root tuber
of Curcuma aromatica Salisb.

Stem bark of Magnolia officinalis Rehder & E.H.Wilson, Dried
root of Dolomiaea costus (Falc.) Kasana & A.K.Pandey

Dried tuber of Corydalis yanhusuo (Y.H.Chou & Chun C.Hsu)
W.T.Wang ex Z.Y.su & C.Y.Wu, Stem bark of Melia
azedarach L., Dried root of Vincetoxicum mukdenense Kitag.

Dried blighted caryopsis of Triticum aestivum L.

Chest discomfort or
irritability or anxiety

Obvious epigastric or
chest pain

Decreased appetite

www.md-journal.com

P <.00001). Owing to the high heterogeneity in the former case
(I? = 57%), a random-effects model was applied (Fig. 4).

3.4.1. Subgroup analysis. To reduce heterogeneity,
subgroup analysis was conducted based on the Western
medicine method.

3.4.1.1. Herbal medicineversus PPI. Theresultsof18studies
using PPI as a Western medicine intervention!?5:27-36:43,47:48,51-54]
with 1936 participants were analyzed. The use of herbal
medicine alone or in combination with PPI was significantly
effective in treating NERD (RR =1.23; 95% CI [1.15,
1.33]; P <.00001). Heterogeneity was high (I*>=65%)
when herbal medicines were used alone and low (I> = 0%)
when herbal medicines were combined with PPI. A random-
effects model was used because of high heterogeneity
(Fig. 5).

3.4.1.2. Herbal medicine versus PPl + prokinetics. PPI
combined with prokinetics was used as a Western medicine
intervention in 6 studiesi?63%33:363944501 and 574 participants
were included. The inclusion of herbal medicine in the treatment
of NERD was significantly more effective than PPI plus
prokinetics without herbal medicine (RR = 1.23; 95% CI [1.14,
1.33]; P <.00001), and the heterogeneity was low (I> = 0%) in
all cases of total, herbal medicine alone, and herbal medicine
combined with Western medicine. A fixed-effects model was
used for analysis (Fig. 6).

3.5. Secondary outcome

3.5.1. Recurrence rate. In 7 studies/*03%33:363:44501 NERD
recurrence rates were reported after the end of treatment. A
total of 643 participants were included, and the results showed
that administration of herbal medicines significantly reduced
the recurrence rate of NERD (RR =0.35; 95% CI [0.27, 0.45];
P <.00001). Heterogeneity was low (I>=4%) and a fixed-
effects model was used (Fig. 7).

3.5.2. Reflux diagnostic questionnaire score. RDQ
evaluates the frequency and severity of heartburn, regurgitation,
and upper abdominal pain in patients with GERD. Eight
studies?31:343941L50511 with 756 participants, measured the

Depression Dried blighted caryopsis of Triticum aestivum L., Dried ripe fruit total RDQ score. Herbal medicine was significantly effective
. Of Ziziphus juuba Mil. . in improving the RDQ score despite high heterogeneity
Insomnia Dried lianoid stem of Reynoutria multiflora (Thunb.) Moldenke, (I = 95%). A random-effects model was used for the analysis
Dried stem bark of Albizia julibrissin Durazz., Dried ripe fruit . o Y
- o i (Fig. 8).
of Ziziphus jujuba Mill.
Fatigue Dried root of Astragalus mongholicus Bunge 3.5.3. Short-form 36 health survey score. The quality of
life of the participants was assessed using the SF-36 tool in 6
As percentage (intention-to-treat)
OverallBias -
Selection of the reported result | |
Measurement of the outcome
Mising outcome data .
Randomization process &l
0 10 30 40 50 60 70 80 %0 100
Low risk Some concerns B High risk
Figure 2. Risk of bias graph.
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Figure 3. Risk of bias summary.
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studies.?1-253037:39.531 This tool evaluates 8 domains: physiological
function, physical function, body pain, general health, vitality,
social functioning, emotional functioning, and mental health. One
study reported the results of 7 domains, excluding general health.

Administering herbal medicine significantly improved the 4
domains of physical function (MD: 9.70; 95% CI [0.96, 18.43];
P =.03), body pain (MD: 6.23; 95% CI [1.83, 10.63]; P = .006),
vitality (MD: 7.46; 95% CI [1.96, 12.95]; P = .008), and social
functioning (MD: 13.12; 95% CI [1.20, 25.05]; P = .03). In the
remaining 4 domains (physiological function, general health,
emotional functioning, and mental health), the differences
between the 2 groups were not significant. Heterogeneity was
severe in all domains and a random-effects model was used in
the analysis (Fig. 9).
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3.5.4. Serum motilin level. In 3 studies,**5%%! serum
motilin levels (pg/mL) were measured before and after
treatment. Herbal medicine was significantly effective
in increasing serum motilin levels in participants with
NERD (MD: 48.50; 95% CI [38.07, 58.93]; P <.00001).
Heterogeneity was high (1> =61%) and a random-effects
model was used (Fig. 10).

3.6. Publication bias

Figure 11 shows a funnel plot of TCE comparing herbal medi-
cine to Western medicine, and co-administration of herbal medi-
cine and Western medicine to the Western medicine alone group.
Studies with smaller sample sizes tend to have larger effect sizes;
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Experimental group  Control group Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H. Random, 95% CI M-H, Random, 95% CI
1.1.1 HMvs WM
Yang 2013 56 64 57 63  5.1% 0.87 [0.86, 1.09) .
Yang 2012 59 64 57 63  545% 1.02[0.92,1.13) T
An 2019 28 32 27 33 31% 1.07 [0.87,1.32) —E
Niu 2018 59 60 27 30 5.0% 1.09[0.97,1.24) N
Li2013 52 58 44 56 4.0% 1.14[0.97,1.34) T ==
Chen 2010 39 42 34 42 39% 1.15[0.97, 1.36) T =
Fu 2016 48 59 41 59  31% 1.17[0.95,1.44] S
Zhong 2011 75 80 64 80  5.0% 1.17[1.04,1.33] S
Zhou 2022 28 30 22 30 26% 1.27 [1.01,1.61)
He 2016 40 44 31 44  3.0% 1.29[1.04, 1.60)
Yang 2016 AN 33 24 33 28% 1.29[1.03,1.62)
Chen 2012 41 45 26 40  2.5% 1.40[1.10,1.79)
Huang 2010 78 100 52 100 3.0% 1.50 [1.21, 1.86)
Subtotal (95% Cl) 711 673 48.5% 1.16 [1.08, 1.25] <
Total events 634 506
Heterogeneity: Tau*=0.01; Chi*= 28.21, df=12 (P = 0.005), F=57%
Test for overall effect: Z= 4.06 (P < 0.0001)
1.1.2 HM+WM vs WM
Huang 2017 59 60 27 30 5.0% 1.09[0.97,1.24) T
Liu 2022 48 50 41 50 4.5% 1.17[1.02,1.35) [T
Zhang 2021 a 41 43 35 43 41% 1.17 [1.00,1.37) [
Zhai 2021 46 48 38 43 4.2% 1.21[1.04,1.42) Ty
Huang 2019 21 60 42 60 3.3% 1.21[1.00,1.48) e
Du 2017 33 35 25 33 31% 1.24 [1.01,1.53]
Ma 2021 28 30 22 30 26% 1.27 [1.01,1.61)
Yin 2020 40 44 30 43 29% 1.30 [1.05,1.62]
Zhu 2007 29 32 22 32 23% 1.32[1.02,1.71)
Zheng 2019 45 49 34 49  3.2% 1.32[1.08,1.62) ———
Cao 2021 B5 82 51 86 3.1% 1.34 [1.08, 1.64)
Zhang 2019 47 52 32 43 29% 1.36 [1.09, 1.69)
Huang 2020 83 93 61 93 4.0% 1.36 [1.186, 1.60) e
Zhou 2016 70 80 49 80 3.4% 1.431.18,1.73) e
Pan 2018 55 B2 37 60 2.9% 1.44 [1.16,1.79)
Subtotal (95% Cl) 820 785 51.5% 1.25[1.19, 1.31] L
Total events 740 546
Heterogeneity: Tau®= 0.00; Chi*= 14.05, df= 14 (P = 0.45); F= 0%
Test for overall effect: Z=9.24 (P < 0.00001)
Total (95% Cl) 1531 1458 100.0% 1.21[1.16, 1.27] L 2
Total events 1374 1052

e e . Ohiz= fud s A= + 1 t t

Heterogeneity: Tau*= 0.01; Chi*= 5319, df= 27 (P = 0.002); I*= 49% 05 07 ] 15 s

Testfor overall effect: Z=7.98 (P < 0.00001)
Testfor subaroun differences: Chi*=2.81. df=1{(P=0.09). F=64.5%

Control group Experimental group

Figure 4. Forest plot comparing TCE of HM alone and combination of HM and WM groups with WM only groups. HM = herbal medicine, TCE = total clinical

efficacy rate, WM = Western medicine.

however, it cannot be concluded that there is a publication bias
due to the low methodological quality and heterogeneity among
the studies.>!

3.7. Level of evidence

Table 4 shows the quality of evidence for each outcome. For
TCE, the primary outcome, the level of evidence was moderate
in both cases of using herbal medicine alone or in combination
with Western medicine. Owing to the high risk of performance
bias in most studies, the level of evidence was low. Regarding
secondary outcomes, the level of evidence was moderate for
recurrence rate and serum motilin level. For RDQ scores, the
level of evidence was low. Among the 8 domains of the SF-36
questionnaire, 4 domains — physiological function, general
health, emotional functioning, and mental health — were found
to have very low levels of evidence. The remaining 4 domains
— physical function, body pain, vitality, and social function-
ing — were found to have a low level of evidence. Although all
included studies were RCTs, in most cases of outcomes, the high
heterogeneity and high risk of bias among the studies were fac-
tors that lowered the level of evidence.
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4. Discussion

Because of the many PPl-resistant cases and various relevant
factors other than regurgitation, NERD is thought to be a
difficult-to-treat acid reflux disorder, even with PPI compared
to reflux esophagitis, and the optimal treatment method has
not yet been established.*®! However, the symptoms of NERD
experienced by patients are no less severe than those of erosive
esophagitis, and largely reduce their quality of life. This study
aimed to reveal the effectiveness of herbal medicine as an alter-
native method for the treatment of NERD with less clinical risk,
based on recent evidence.

4.1. Review of the main results

In this study, we systematically reviewed the details of herbal
formulations administered in trials conducted in patients
with NERD. More recent studies have tended to measure the
effect of herbal medicine combined with Western medicine
rather than administering herbal medicine alone as an inter-
vention.*0#4652-541 The formulations of herbal medicine used
were variously presented as decoction, capsule, granule, and
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Experimental group

Study or Subgroup Events Total
2.1.1 HMvs PPI

An 2019 28 32
Chen 2012 41 45
He 2016 40 44
Huang 2010 78 100
Li2013 52 58
Niu 2018 59 60
Yang 2012 59 64
Yang 2013 56 64
Yang 2016 3 33
Zhong 2011 78 80
Zhou 2022 28 30
Subtotal (95% CI) 610
Total events 547

Control group

Events

43

Risk Ratio
Total Weight M-H, Random, 95% CI

Risk Ratio
M-H, Random, 95% CI

33 53% 1.07 [0.87,1.32)
40 45% 1.40[1.10,1.79)
4 51% 1.29[1.04, 1.60]
100  51% 1.50 [1.21, 1.86)
56 6.3% 1.14[0.97,1.34]
0 72% 1.09 [0.97,1.24]
63  7.6% 1.02(0.92,1.13)
63 7.2% 0.97 [0.86, 1.09)
33 49% 1.29[1.03,1.62)
80 7.2% 1.17[1.04,1.33)
0 47% 1.27 1.01,1.61)
572 65.1% 1.17 [1.07, 1.27]

Heterogeneity: Tau®= 0.01, Chi*= 28.57, df=10 (F = 0.001); F= 65%

Test for overall effect: Z=3.54 (P = 0.0004)

2.1.2 HM+PPlvs PPI

Huang 2017 37 43
Huang 2020 83 93
Ma 2021 28 30
Zhang 2019 47 52
Zheng 2019 45 49
Zhou 2016 70 a0
Zhu 2007 29 32
Subtotal (95% CI) 379
Total events 339

244

43 37% 1.54[1.15, 2.06]
93 6.3% 1.36 [1.16, 1.60]
30 47% 1.27 [1.01,1.61]
48 5.0% 1.36 [1.09, 1.69)
43 53% 1.32[1.08,1.62]
80 5.6% 1.43[1.18,1.73]
32 43% 1.32[1.02,1.71]
375 34.9% 1.36 [1.26, 1.48]

Heterogeneity: Tau®= 0.00; Chi*=1.42, df=6 (P = 0.96), F= 0%

Test for overall effect: Z=7.55 (P < 0.00001)

Total (95% CI) 989
Total events 886

675

947 100.0% 1.23 [1.15, 1.33]

Heterogeneity: Tau®= 0.02; Chi*= 49.64, df=17 (P < 0.0001); I*= 66%

Test for overall effect: Z=5.61 (P < 0.00001}

Testfor subdroun differences: Chi*= 6.96. df=1 (F = 0.008). F=85.6%

TR U]

05 07 1 15 2
Control group Experimental group

Figure 5. Forest plot comparing TCE of HM alone and combination of HM and PPI groups with PPI only groups. HM = herbal medicine, PPI = proton pump

inhibitor, TCE = total clinical efficacy rate.

Experimental group

Control group

Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI

3.1.1 HM vs PPl+prokinetics

Chen 2010 39 42
Fu 2016 48 59
Subtotal (95% CI) 101
Total events 87

34
41

75

Heterogeneity: Chi*=0.02, df=1 (P=0.88); F= 0%

Test for overall effect Z= 2.11 (P = 0.03)

3.1.2 HM+PPI+prokinetics vs PPl+prokinetics

Du 2017 55 62
Pan 2016 33 35
Zhai 2021 46 48
Zhang 2021 a 41 43
Subtotal (95% Cl) 188
Total events 175

135

Heterogeneity: Chi*= 2 .66, di= 3 (P = 0.45); F= 0%

Test for overall effect: Z= 4.94 (P < 0.00001)

Total (95% CI) 289
Total events 262

210

Heterogeneity: Chi*= 3.28, df=5 (P = 0.66); F= 0%

Test for overall effect: Z=5.21 (P =< 0.00001)

Risk Ratio
M-H. Fixed, 95% CI

42 16.1% 1.15[0.97,1.36]
59 19.4% 1.17 [0.95, 1.44]
101 35.5%  1.16[1.01, 1.33]
60 17.8% 1.44[1.16,1.79]
33 12.2% 1.24[1.01,1.53]
48 18.0% 1.21[1.04,1.42)
43 16.6% 147 [1.00,1.37]
184  64.5%  1.27 [1.16, 1.40]
285 100.0%  1.23[1.14, 1.33]

Test for subaroun differences: Chi*=1.13.df=1 (P=0.29. F=11.2%

41

o 0HH

I 1

05 07 1 15 2
Control group Experimental group

Figure 6. Forest plot comparing TCE of HM alone and combination of HM and PPI plus prokinetics groups with PPI plus prokinetics only groups. HM = herbal
medicine, PPI = proton pump inhibitor, TCE = total clinical efficacy rate.
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Experimental group  Control group Risk Ratio Risk Ratio
Study or Subgroup Events Total Fvents  Total Weight M.H, Fixed, 95% Cl M.H, Fixed, 95% CI
Chen 2010 5 39 25 34 17.0%  0.17(0.08,0.41) e
Chen 2012 9 1 13 26 101%  0.44(0.22,0.88) s
Du 2017 8 33 14 28 95%  0.50([0.25,1.02] =]
Fu 2016 6 43 12 32 88%  0.37[0.16,0.89] —
Huang 2010 1 71 20 49 151%  0.38[0.20,0.72) —
Zhang 2021 a 3 43 18 43 115%  0.17([0.05,0.52)
Zhong 2011 18 80 44 80 28.0%  0.41[0.26, 0.64] -
Total (95% Cl) 350 293 100.0%  0.35[0.27, 0.45] L 2
Total events 60 146
Heterogeneity: Chi®= 6.25, df= 6 (P = 0.40); F= 4% ln o 01'1 159 100’

Test for overall effect: Z= 8.04 (P = 0.00001)

Experimental group Control group

Figure 7. Forest plot comparing recurrence rate of HM alone and combination of HM and WM groups with WM only groups. HM = herbal medicine, WM =

Western medicine.

Experimental group Control group Mean Difference Mean Difference
Study or Subgrouy Mean SD  Total Mean SD Total Weight [V, Random. 95% CI IV, Random, 95% CI
Du 2017 5.11 39 35 088 616 33 95% -4.77[7.24,-2.30] ST
Fu 2016 3.56 1.25 59 792 169 59 14.2% -4.36[-4.90,-3.82] .,
Huang 2017 619 48 43 985 498 43 106% -3.66[573 -1.59) N
Huang 2018 285 061 60 433 082 60 144% -1.48[1.76,-1.20] '
Niu 2018 56 219 60 7.07 1.3 30 139% -1.47[-2.20,-0.74] g
Yang 2013 844 422 64 682 3.26 B3 126% 1.62 [0.31, 2.93] -
Yin 2020 7.81 222 44 11.74 3862 43 12.8% -3.93[5.20,-2.66) .
Zhou 2022 10.2 29 307 930z 23 30 120% -2.90[-4.47,-1.33] T
Total (95% CI) 395 361 100.0% -2.52[-3.81,-1.23] <>
Heterogeneity: Tau®= 3.00; Chi*= 136.43, df= 7 (P < 0.00001); F= 95% 1u 5 3 5 1:0

Testfor overall effect: Z= 3.82 (P = 0.0001)

Control aroup Experimental aroup

Figure 8. Forest plot comparing RDQ score of HM alone and combination of HM and WM groups with WM only groups. HM = herbal medicine, RDQ = reflux

diagnostic questionnaire, WM = Western medicine.

powder, with decoction accounting for the largest proportion
at approximately 65%. Different ingredients were added to the
basic prescription according to the symptoms of regurgitation,
heartburn, belching, chest discomfort, pain, decreased appetite,
depression, insomnia, and fatigue. The measures used to investi-
gate the effect of herbal medicine on the improvement of NERD
symptoms were TCE, recurrence rate, RDQ score, SF-36 score,
and serum motilin levels. Regarding TCE, recurrence rate, RDQ
score, 4 domains in SF-36 score, and serum motilin level, using
herbal medicine alone or co-administration with conventional
Western medicine was significantly more effective than control
groups. As a serological indicator, motilin is a gastrointestinal
polypeptide that stimulates contraction of smooth muscles of
the gastrointestinal tract under physiological conditions. It
accelerates gastric emptying in normal subjects and increases
lower esophageal sphincter pressure by acting on preganglionic
cholinergic neurons to release acetylcholine.b”8! Several trials
included in this study compared serum motilin levels as out-
come measures. Although these studies are not the same as those
that directly measured the lower esophageal sphincter pressure,
it is important because increasing the pressure of the lower
esophageal sphincter is meaningful in the treatment of NERD.
According to the results of studies that reported adverse events,
herbal medicines did not cause severe or meaningful adverse
reactions and were found to be safe for use in the treatment of
NERD. The main results of this study were summarized in the
supplemental content in the form of a graphical abstract, http://
links.Iww.com/MD/N807.

4.2. Herbs in prescriptions

Among the herbs used in these formulations, components
of Pinellia ternata (Thunb.) Makino and Citrus aurantium
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L. are phytochemically associated with mechanisms of
relieving the symptoms of NERD, according to previous
in vivo studies. These were used in 16 and 13 studies,
respectively. Pinellia ternata contains alkaloids and poly-
saccharides as its main active components and has medic-
inal effects in the treatment of cough, vomiting, infection,
and inflammatory diseases have been demonstrated.’’
Animal studies have revealed that alkaloids and polysac-
charides derived from Pinellia ternata induce antiemetic
effects and promote gastric emptying.!®” Prescriptions con-
taining Pinellia ternata as the main ingredient have been
widely used for the treatment of gastrointestinal disorders,
and in particular, the promising efficacy of “Banxia xiexin
decoction” in the treatment of reflux disease has been
revealed through systematic reviews and meta-analyses.[”:!!!
The prescription increases the pressure of the esophageal
sphincter and inhibits gastric acid, which are relevant
to relieving symptoms of NERD.”! It is a commonly used
herb in traditional herbal medicine with efficacy in treating
dampness-phlegm pattern and upward counterflow of qi.
These efficacies make the ingredient representative in the
treatment considering that the main TCM syndrome types
among patients with NERD are qi-deficiency pattern and
damp-phlegm pattern, which are characterized by a sen-
sation of fullness in the chest, vomiting, stuffy chest, and
epigastrium.!61-641

Citrus aurantium L. promotes intestinal transit rate and
gastric emptying. The extracts of isonaringin, narigin, hesperi-
din, and neohesperidin are thought to be associated with such
efficacy.” It demonstrates the same effect as a gastrointesti-
nal prokinetic agent in the treatment of reflux disease and is
expected to improve gastrointestinal motility in patients with
NERD.
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Experimental group Control group Mean Difference Mean Difference
Study or Subgroup Mean SD__Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
6.1.1 Physiological function
An 2019 79.3 179 32 786 182 33 156% 0.70[-8.08, 9.48] B -
Fu2016 79.72 28.22 59 7285 2428 59 154% 6.87[2.63,16.37) e
Li 2011 90.88 12 54 8891 43 51 17.2% 1.97 [1.44,5.38) i3
Li2013 951 96 58 844 163 56 16.9% 0.70[-4.23,5.63] =
Wang 2014 85.3 27 68 62 28 68 17.5% 23.30(22.36,24.24) 4
Zhang 2019 93.24 3.59 52 8759 6.42 48 17.4% 5.65[3.59,7.71] =
Subtotal (95% CI) 323 316 100.0% 6.68[-3.93, 17.30] i
Heterogeneity. Tau®= 167.41; Chi*= 411.57, df= 5 (P = 0.00001); F=99%
Testfor overall effecl. Z=1.23 (P=0.22)
6.1.2 Physical function
An 2019 821 176 32 687 165 33 168% 13.40([5.10,21.70] o
Fu 2016 80.84 2339 59 6817 26.62 53 16.4% 12.67[3.63, 21.71) e
Liz011 73.25 384 54 6273 4163 51 123% 10.52[4.82 25.86] T
L2012 821.8 32 68 0802 242 66 165% -8.30[1869,2.09 e |
Wang 2014 81.6 35 B3 609 21 69 198% 2070[19.73,21.67) -
Zhang 2019 75.82 952 52 £9.27 924 48 192%  6.55(2.87,10.23) =
Subtotal (95% CI) 323 316 100.0%  9.70[0.96, 18.43] -
Heterogeneity: Tau®= 99.97; Chi*= 86.53, df=5 (P < 0.00001); F=94%
Test for overall effect Z= 2.18 (P = 0.03)
6.1.3 Body pain
An 2019 842 173 32 821 178 33 127% 2.10[-6.43,10.63) i
Fu2016 69.83 2825 59 7557 2556 59 111% -574[15486,3.98) ..
Liz011 8048 172 54 7614 2373 51 135%  4.341363,12.31) o =
Li2013 86.2 182 58 821 137 56 165% 4.10[2.01,10.21) ==
Wang 2014 78.5 25 68 B5.2 36 63 23.8% 13.30(12.26,14.39) ol
Zhang 2019 87.25 638 52 7759 5.84 48 225% 9.66 [7.26,12.06) &
Subtotal (95% CI) 323 316 100.0%  6.23[1.83, 10.63] <>
Heterogeneity. Tau®= 20.90; Chi*= 37.58, df=5 (P = 0.00001); F=87%
Test for overall effect: Z=2.77 (P = 0.006)
6.1.4 General health
An 2019 837 181 32 712 185 33 195% 12.50(3.60,21.40) o
Fu2016 68.76 25.73 59 61.11 2644 59 194% 7.65[1.76,17.06) T
Li2011 64.47 17.26 54 5591 2253 51 19.9% 8.56[0.85,16.27) [
Li2013 63 16.6 58 61 183 56 20.2% 2.00[-4.42,8.42) o -l
Wang 2014 72.3 26 68 424 1.4 69 21.0% 28.90(29.20, 20.60] _
Subtotal (95% CI) 271 268 100.0% 12.31[-2.33, 26.96] T
Heterogeneity. Tau®= 265.50; Chi*= 133.98, df= 4 (P < 0.00001); F=97%
Test for overall effect: Z=1.65(P=010)
6.1.5 Vitality
An 2019 843 1586 32 724 153 33 148% 11.90[4.38,18.41) N
Fu2016 65.42 2145 59 69.82 26.3 53 135% -4.40[13.06,4.26) )
Li20m 61.93 1558 54 5791 20.04 51 154% 4.02(-2.87,1091) =7
Lizoz 61.5 148 58 618 193 56 16.0%  -0.30[6.63,6.03] —
Wang 2014 731 26 68 556 23 69 203% 17.50(16.68,18.32) c
Zhang 2018 93.27 324 52 8237 521 48 200% 10.90([9.18,12.62) k-
Subtotal (95% Cl) 323 316 100.0%  7.46[1.96, 12.95] <>
Heterogeneity: Tau®= 38.57; Chi*= 105.67, df= 5 (P < 0.00001); F= 95%
Test for overall effect: Z= 2.66 (P = 0.008)
6.1.6 Social functioning
An 2019 924 172 32 796 162 33 162% 12.80([4.67,2093) —
Fu2016 7256 26.71 59 67.29 2874 59 156% 5.27[4.74,15.28) - 7
Li2011 84.87 1856 54 7855 20.46 51 164% 5.32[217,1281) N
Li2013 87.9 16.1 58 87.7 191 56 16.7% 0.20 [-6.30, 6.70] -
Wang 2014 84.2 27 68 481 19 69 17.5% 36.10(35.32, 36.89) =
Zhang 2019 96.62 301 52 7957 4.06 48 17.5% 17.05[15.64, 18.46] -
Subtotal (95% CI) 323 316 100.0% 13.12[1.20, 25.05] e
Heterogeneity: Tau®= 210.88; Chi*= 714.90, df= § (P = 0.00001), F= 99%
Testfor averall effect: 7= 216 (P = 0.03)
6.1.7 Emotional functioning
An 2019 85.1 189 32 737 165 33 16.8% 11.40[2.76, 20.04) —
Fu2016 76.93 2618 59 66.79 27.34 59 16.7% 10.14[0.48,19.80) %
Li2011 731 3588 54 5212 4571 51 158% 20.98[5.20, 36.76] ———
Liz2012 245 224 58 736 363 56 16.3% 10.90[1.75,23.59) T
Wang 2014 82.3 26 63 308 2.3 69 17.2% 51.50[50.68, 52.32] "
Zhang 2019 86.59 716 52 7265 6.59 48 17.2% 13.94[11.25,16.63] =
Subtotal (95% CI) 323 316 100.0% 19.97 [-1.61, 41.56] =
Heterogeneity Tau®= 702.83; Chi®= 854,20, df= 5 (P < 0.00001): F= 99%
Testfor overall effect: Z=1.81 (P = 0.07)
6.1.8 Mental health
An 2019 90.3 192 32 742 182 33 16.3% 16.10(7.00,25.20) o e
Fu 2016 8217 2832 59 736 26.09 59 16.2%  8.57 [1.26,18.40] T
Li2011 7474 1489 54 7433 17368 51 167% 0.41 [-5.79, 6.61] 1.
Li2013 761 127 58 736 181 56 16.7% 2.50[-3.26, 8.26] T
Wang 2014 76.1 18 68 356 1.7 69 17.0% 40.50[39.91, 41.09] >
Zhang 2018 85.64 7.25 52 7335 7.18 48 17.0% 12.29[9.46,1512) )
Subtotal (95% Cl) 323 316 100.0% 13.49[-4.33,31.32] —gR——
Heterogeneity. Tau™= 425.25; Chi*= 727.64, df= 5 (P < 0.00001), F= 09%
Test for overall effect. Z=1.48 (P=0.14)

-50 35 25 50

Testfor subaroun differences: Chi*= 3.45. df= 7 (P = 0.84). F= 0% Somvolgronp; Expecpantatgioty

Figure 9. Forest plot comparing SF-36 score of HM alone and combination of HM and WM groups with WM only groups. HM = herbal medicine, SF-36 =
short-form 36 health survey, WM = Western medicine.

4.3. Strengths and limitations of the study cases in the analysis was meaningful for revealing recent evi-
dence from the results. Cases using herbal medicine alone and in
combination with Western medicine were compared separately,
and a subgroup analysis was performed according to the type of
Western medicine used in the intervention. In herbal medicine,

When looking at the trends of the included studies, the more
recent the studies were conducted, the higher the proportion of
cases that used herbal medicine in combination with Western
medicine in the treatment group. Therefore, including such
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Experimental group

Control group

Mean Difference Mean Difference

Study or Subgroup Mean SD__ Total Mean SD Total Weight IV, Random, 95% CI IV, Random. 95% CI

Huang 2020 327.92 3958 93 28907 3572 93 3549% 38.85([28.01, 49.69) ——

Zhang 20189 26237 1428 52 21027 16.71 43 47.8% 52.10([45.98,58.22) &

Zhang 2021 a 381.25 5412 43 32269 4675 43 16.8% 58.56(37.18,79.94) ==
Total (95% CI) 188 184 100.0% 48.50 [38.07, 58.93] <>
Heterogeneity: Tau®= 43.48; Chi*= 5.09, df= 2 (P = 0.08); F= 61% F 00 - 510 ’ 5’0 100:

Test for overall effect: Z= 8.11 (P = 0.00001)

Control group Experimental group

Figure 10. Forest plot comparing serum motilin level (pg/mL) of HM alone and combination of HM and WM groups with WM only groups. HM = herbal medi-

cine, WM = Western medicine.
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Figure 11. Funnel plot of TCE between HM alone or combination of HM and WM groups and WM only groups. HM = herbal medicine, WM = Western medicine,

RR = risk ratio, TCE = total clinical efficacy rate, SE = standard error.

prescriptions involve the addition or subtraction of different
herbs depending on the symptoms. Therefore, we summarized
the herbs added according to the symptoms of NERD reported
in the included studies. The effect of herbal medicine on improv-
ing each aspect of quality of life in patients with NERD was also
confirmed.

There are some limitations in this study: First, it seems the
heterogeneity of several measures came out to be high due to the
basic characteristic of herbal medicine that the composition of
each herbal medicine prescription is not the same. In addition,
the intervention blinding and practitioner blinding processes
were not mentioned in most of the studies, which led to a high
risk of performance and detection bias. As a result, a high risk
of bias and heterogeneity led to low levels of evidence. For other
limitations, the population of the participants was limited to
Chinese individuals.

Based on these limitations, we suggest that trials with
methodologically high-quality and large-sized samples from
a broader population must be conducted in future studies.
Approaches to lower the risk of bias, such as administering
placebo medicine and blinding the outcome assessment pro-
cess, are needed. Since TCE, which is used as the main assess-
ment tool in most studies, has different definitions for each
study, it is necessary to use a standardized questionnaire tool
that can consistently compare results between studies as the
main outcome measure.

21

5. Conclusion

In this systematic review and meta-analysis, we summarized
the details of the use of herbal medicine for the treatment of
NERD and compared its effects with those of Western medicine.
Including herbal medicine in the treatment of NERD has a sig-
nificantly better effect than using conventional medicine alone
in terms of improving the total clinical efficacy rate. Herbal
medicine therapy can be effective in lowering the recurrence rate
of NERD, relieving the symptoms felt by patients, and improv-
ing the quality of life. It also increased the serum motilin levels
and did not induce severe intervention-related adverse effects.
However, as the evidence is based on low-to-moderate certainty,
clinical trials with methodologically improved quality must be
conducted.
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