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Abstract
Background: Functional dyspepsia (FD) is a common functional gastrointestinal disease. Acupuncture, including electro-
acupuncture (EA) is widely used as a complementary and alternative treatment for patients with FD. This study aimed to explore the
effectiveness of EA for the treatment of FD.

Methods: We searched Embase, PubMed, and the Cochrane Central Register of Controlled Trials (Cochrane Library) for
randomized controlled trials of FD treated by EA from inception to February 3, 2020. Two reviewers will independently screen studies
for data extraction and assess the quality and risk of bias. The Cochrane Collaboration’s risk of bias tool, RevMan 5.3 software were
used for meta-analysis. Data were pooled to calculate relative risk and 95% confidence intervals (CIs) of substantial improvement
after treatment for dichotomous data and mean differences (SMDs) and 95% CIs for continuous data.

Results:Seven randomized clinical trials included 853 patients. This meta-analysis investigated the effectiveness of EA alone in the
treatment of FD relative to sham-EA or pharmacologic medication (PM). The results showed that EA could significantly improve
clinical symptoms. Compared with sham-EA, EA was more effective in reducing symptom scores (SMD �3.44, 95% CI �4.21 to
�2.67) and increasing normal slow waves of electrogastrogram (SMD 0.93, 95% CI �0.30 to1.55). When EA was combined with
PM, there was no significant difference in reducing symptom scores (SMD�0.18, 95%CI�0.51 to 0.16), increasing the effective rate
of clinical symptoms (risk ratio 1.04, 95% CI 0.96 to 1.13), enhancing the level of plasma motilin (SMD 0.93, 95% CI �0.30 to1.55),
and reducing gastric half-emptying time (SMD 0.02, 95%CI�0.16 to 0.20). The results also showed that there were very few adverse
events reported.

Conclusion: This meta-analysis suggests that EA is better than the placebo (sham-EA) in treating FD, and the therapeutic effect of
EA on FD is equivalent to that of PM on FD. Comparedwith PM, EA for FD is safer and has fewer adverse reactions. Despite limitations
due to the quality and number of the included studies, EA might be used as an effective and safe treatment for FD.

Abbreviations: CI = confidence interval, EA = electroacupuncture, EGG = electrogastrogram, EPS = epigastric pain syndrome,
FD= functional dyspepsia, PDS= postprandial distress syndrome, PM= pharmacologic medication, RCTs= randomized controlled
trials, RR = risk ratio, SMD = standardized mean difference.
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1. Introduction

Functional dyspepsia (FD) is a common functional gastrointesti-
nal disease. According to the Rome IV criteria, FD has 2
subgroups: postprandial distress syndrome (PDS) with postpran-
dial fullness or early satiation, and epigastric pain syndrome
(EPS) with epigastric pain or epigastric burning.[1] According to
investigations, the global incidence of FD is between 11% and
29.2%.[2] Recent data showed that according to the Rome IV
standard, the prevalence of FD in the adult population of the
United States, Canada, and the United Kingdom is about 10%.[3]

In addition to potentially seriously affecting the quality of life, FD
also places a huge financial burden on the health-care system.[4]

FD is a heterogeneous disease, and its pathophysiological
mechanism is still unclear. Different symptoms may have
different pathophysiological mechanisms. It is traditionally
believed that FD is associated with abnormal brain and gut
interactions and disorders of gastric physiological factors, such as
gastric emptying disorders, impaired gastric fundus receptivity
after the meal, high sensitivity to mechanical dilatation, high
sensitivity of duodenum to gastric acid, fat and dilatation
stimulation, gastroduodenal dyspnea, and autonomic nerve
dysfunction.[5] At present, the main treatment for FD are
antacids, prokinetics (mosapride/domperidone), antidepressants,
anxiolytics, herbal preparations, and Helicobacter pylori eradi-
cation.[6] However, these treatments do not achieve satisfactory
relief in many patients with FD. Therefore, exploring new
treatment methods may help to effectively relieve the symptoms
of the patients with FD and improve their quality of life, and
reduce medical costs.
Electroacupuncture (EA) is an improvement on traditional

acupuncture, which stimulates acupuncture points by electricity
rather than manual manipulation, and it seems to have more
consistent repeatable results in both clinical and research
settings.[25,26] EA has been widely used in many gastrointestinal
disorders including FD as an effective alternative therapy. The
effectiveness of EA on FD has been investigated in several
studies.[7,8] As far as we know, no systematic review or meta-
analysis of trials of using EA alone for FD has been conducted to
date. Accordingly, the purpose of this study was to conduct a
meta-analysis of randomized clinical trials that test the effective-
ness of EA on FD.
2. Materials and methods

All analysis results of this study were based on previously
published literature and therefore did not require ethical
approval or patient consent.

2.1. Literature research

We searched Embase, PubMed, and the Cochrane Central
Register of Controlled Trials (Cochrane Library) for randomized
controlled trials of FD treated by EA from inception to February
3, 2020. Search terms were “electro-acupuncture” and “func-
tional dyspepsia.” Papers published in English or Chinese were
evaluated. Only randomized controlled trials (RCTs) with full
texts available were reviewed. The detailed search strategy was
attached. The search strategy for Pubmed was as follows:
1# Search (Functional Dyspepsia [MeSH Terms]) OR

Functional Dyspepsia [Title/Abstract]
2# Search (EA [MeSH Terms]) OR Electroacupuncture [Title/

Abstract]
2

3# Search (((Functional Dyspepsia [MeSH Terms]) OR
Functional Dyspepsia [Title/Abstract])) AND ((Electroacupunc-
ture [MeSH Terms]) OR Electroacupuncture [Title/Abstract]).
2.2. Inclusion criteria

Studies meeting the following criteria were considered to be
eligible for inclusion:
(1)
 inclusion only of patients diagnosed with FD;

(2)
 the type of publication must be an RCT;

(3)
 using EA alone to intervene;

(4)
 comparison of EA with pharmacologic medication (PM) or

sham-EA;

(5)
 complete experimental and control data.

Any disagreement during the course will be resolved by
discussion between the 2 reviewers (Mengxue Luo and Yuyan
Pan). If a consensus cannot be achieved, an independent
reviewer (Tao Zhang) will be consulted. Details of the selection
procedure for studies are shown in a PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
flowchart.
2.3. Exclusion criteria

The excluded studies with the following reasons:
(1)
 the studies did not meet the above criteria;

(2)
 the treatment group combined with other therapies;

(3)
 the studies were conducted in the form of letters, abstracts,

reviews, meta-analysis, animal experiments or comments;

(4)
 the studies could not extract relevant data;

(5)
 duplicate articles.

2.4. Data extraction

The internal consistency of all data was checked, and disagree-
ments were resolved by discussion between reviewers. From the
final selection of papers, general study information on first
author’s name, year of publication, study location, the number of
patients, criteria for diagnosis, experimental and control
intervention, intervention time, adverse events and results
relating to outcome measures will be extracted.
2.5. Quality assessment

Two investigators (Qian Liu and Yang Yang) independently
extracted data and assessed the risk of bias using the Cochrane
Collaboration’s risk of bias tool,[9] which consists of the
following 7 domains that may bring the potential risks of
overestimating or underestimating an intervention effect: se-
quence generation, blinding of participants, blinding of outcome
assessors, allocation concealment, incomplete outcome data,
selective outcome reporting, and other sources of bias. The
assessment will rank the risk levels according to the categories of
low risk, high risk, and unclear risk.
2.6. Outcome measures

Symptom score was the main outcome measure, and the
secondary outcome measures were effective rate, electrogastro-
gram (EGG), gastric empty, and motilin level.



Figure 1. Included eligibility screening identification. Flow diagram of the study selection process. Identification of 7 eligible randomized, placebo-controlled, clinical
trials.
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2.7. Data synthesis and statistical analysis

RevMan 5.3 (Cochrane, London) was used to analyze the data.
Dichotomous data were expressed as relative risk (RR) and
continuous variables as standardized mean difference (SMD)
with 95% confidence interval (CI). Both the x2 test and I2

statistics were used for the assessment of heterogeneity.[10] A
fixed-effects model was used if there was no obvious heterogene-
ity (I2<50% or P> .1) and a random-effects model was used if
significant heterogeneity existed (50%< I2<80% or P< .05). A
descriptive analysis was implemented if the heterogeneity was
substantial (I2>80% or P< .01).[11] When the necessary data is
available, a subgroup analysis of different treatment methods
were performed. Analysis of funnel plot symmetry was used to
identify the existence of publication bias.
3. Results

3.1. Literature search and study sample characteristics

A total of 84 citations were identified during the initial search and
7 articles were finally selected (Fig. 1). One[12] of the articles
included a chronic clinical trial (CCT) and an acute clinical trial
(ACT). The 7 articles[12–18] included 8 RCT with a total of 853
patients (426 and 427 in the treatment and control groups,
respectively). 5 articles[12–16] were published in English and 2
articles[17,18] were published in Chinese. All of the trials
conducted in China. In all the trials, the intervention was EA
alone in the experimental group and Sham-EA or PM in the
control group. Detailed information is provided in Table 1 (see
online supplementary material).

3.2. Risk of bias

All articles included in the analysis were designed as randomized
clinical trial studies. Five studies[12–15,17] used random number
3

tables or lists, while the others did not detail the specific methods
of randomization. An attempt to contact the authors to clarify the
method did not generate any responses. There was 3 sham
intervention (sham-EA)[12,13,16] in the included studies and
participant blinding was deemed to be applicable. Three trials[13–
15] reported dropout rates of patients. All trials reported all
outcome measurements mentioned in the methods and were
therefore deemed to be at low risk of attrition bias. For other
sources of bias, all studies were rated as an unclear risk because of
the lack of registration information. (Fig. 2)

3.3. Meta-analysis results
3.3.1. Symptom score

3.3.1.1. EA vs. Sham-EA. Two trials[12,16] reported the
symptom scores. A total of 70 patients (35 and 35 in the EA
and the Sham-EA groups, respectively) were included in the
analysis. When EA was compared with sham-EA, there was a
significant improvement in symptom scores (SMD −3.44, 95%
CI−4.21 to −2.67; P= .30) with no significant heterogeneity (I2=
0%, P= .43). (Fig. 3A)

3.3.1.2. EA vs. PM. Three trials[15,17,18] reported the symptom
scores. A total of 519 patients (259 and 260 in the EA and PM,
respectively) were included in the analysis. The pooled results
showed that EA was equivalent to PM in reducing symptom
scores of FD (SMD −0.18, 95% CI −0.51 to 0.16; P= .30) with
high heterogeneity (I2=63%, P= .07). (Fig. 3B) Sensitivity
analysis and subgroup analysis were performed to identify the
source of heterogeneity.

3.3.2. Sensitivity analysis. The included studies will be
excluded 1 by 1 for sensitivity analysis. The heterogeneity of
meta-analysis result was decreased when 2008 Peng[18] was
excluded (SMD −0.03, 95% CI −0.21 to 0.15; I2=0%, P= .97),
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Figure 2. Risk of bias graph.

Table 1

Characteristics of the included studies.

Diagnostic Treatment Interventions Outcome

Authors County patients (T/C) criteria Duration T C measurements

Zheng et al (2018)[13] China 100/100 Rome III 4 wk EA Sham-EA 1. Effective rate
2. LDQ scores
3. NDI

Qiang et al (2018)[14] China 32/32 Rome III 30 d EA Mosapride 1. Effective rate
2. LDQ scores
3. FDDQL scores
4. Ghrelin, CGRP and GLP-1 level

Zhang et al (2015)[15] China 159/160 Rome III 4 wk EA Mosapride 1. Effective rate
2. Symptom scores
3. SF-36 scores
4. Plasma motilin level
5. EGG
6. Gastric empty

Xu et al (2015)[16] China 8/8 Rome III 30 min EA Sham-EA 1. EGG
2. HRV
3. Symptom scores

Guo et al (2011)[17] China 80/80 Rome III 6 wk EA Mosapride, 1. Symptom scores Omeprazole,
2. Effective rate Amitriptyline
3. NDSI scores
4. SF-36 scores
5. EGG
6. Plasma motilin
7. Gastric empty

Peng et al (2008)[18] China 20/20 Rome III 2 wk EA Domperidone 1. Symptom scores
2. SAS
3. SDS
4. HRV
5. EGG
6. Neuropeptide level

Liu et al(ACT) (2008)[12] China 27/27 Rome II 30 min EA Sham-EA 1. HRV
2. EGG

Liu et al(CCT) (2008)[12] China 27/27 Rome II 2 wk EA Sham-EA 1. Symptom scores
2. HRV
3. EGG
4. Neuropeptide level
5. Plasma motilin level

C=control group, CGRP= calcitonin gene-related peptide, EA= electroacupuncture, EGG= electrogastrogram, FDDQL= functional digestive disorder quality of life, HRV=heart rate variability, LDQ=Leeds
Dyspepsia Questionnaire, NDI=Nepean dyspepsia index, SAS=Self-rating Anxiety Scale, SDS=Selfrating Depression Scale, SF-36=36-item Short Form Health Survey, T= trial group.
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Figure 3. A, Forest plots of symptom score in the EA vs Sham-EA. B, Forest plots of symptom score in the EA vs. PM (subgroup analysis).
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suggesting that the meta-analysis results were not robust and
2008 Peng[18] was 1 of the sources of heterogeneity (Table 2).

3.3.3. Subgroup analysis. Figure 3B shows the results of the
meta-analyses of trials comparing EA alone versus prokinetic
agents alone (mosapride, domperidone)[15,18] and drug combi-
nation (mosapride, omeprazole, amitriptyline) respectively.[17]

The pooled results showed that EA was equivalent to prokinetic
agents in reducing symptom scores of FD (SMD −0.37, 95% CI
−1.15 to 0.40) with high heterogeneity (I2=81%, P= .02).

3.3.4. Dominant frequency of EGG. Three trials[12,16] reported
the dominant frequency of EGG. A total of 124 patients (62 and
62 in the EA and the Sham-EA groups, respectively) were
included in the analysis. The pooled results showed EA was
equivalent to sham-EA in improving dominant frequency of EGG
(SMD −0.69, 95% CI −3.02 to 4.40; P= .71) with high
heterogeneity (I2=97%, P< .00001). (Fig. 4) Sensitivity analysis
was conducted by eliminating studies 1 by 1, and no significant
changes were observed after combining the results, indicating
that the results of the study were relatively stable. (Fig. 4)

3.3.5. Percentage of normal slow waves of EGG. Three
trials[12,16] reported the normal slow waves of EGG. A total of
Table 2

Sensitivity analysis of symptom scores.

Excluded study SMD 9

2008 Liu[12] (CCT) �0.57 �0.
2015 Xu[16] �0.95 �1.
2008 Peng[18] �1.52 �2.
2011 Guo[17] �1.92 �3.
2015 Zhang[15] �1.92 �3.

SMD = standardized mean difference.

5

124 patients (62 and 62 in the EA and the Sham-EA groups,
respectively) were included in the analysis. The pooled results
showed EA could increase normal slow waves of EGG compared
to the sham-EA (SMD 0.93, 95% CI -0.30 to1.55; P= .004) with
high heterogeneity (I2=57%, P= .10). (Fig. 5)

3.3.6. Effective rate. Three trials[14,15,17] reported the normal
slow waves of EGG. A total of 543 patients (271 and 272 in the
EA and PM groups, respectively) were included in the analysis.
The pooled results showed EA was equivalent to PM in
improving effective rate of clinical symptoms (RR 1.04, 95%
CI 0.96 to 1.13; P= .35) with low heterogeneity (I2=45%,
P= .16). (Fig. 6)

3.3.7. Plasma motilin level. Three trials[15,17,18] reported the
plasma motilin. A total of 519 patients (259 and 260 in the EA
and PM groups, respectively) were included in the analysis. The
pooled results showed EA was equivalent to PM in improving
level of plasma motilin (SMD 0.93, 95% CI -0.30 to1.55; p=
0.50) with no significant heterogeneity (I2=0%, P= .61). (Fig. 7)

3.3.8. Gastric half-emptying time. Two trials[15,17] reported
the gastric half-emptying time. A total of 479 patients (239 and
240 in the EA and PM groups, respectively) were included in the
5% CI P value I2

19, 0.05 < .0001 87%
85, �.05 < .00001 95%
64, �0.40 < .00001 96%
56, �0.27 < .00001 96%
57, �0.27 < .00001 95%

http://www.md-journal.com


Figure 4. Forest plot of the dominant frequency of EGG (EA vs Sham-EA).

Figure 5. Forests plot of percentage of normal slow waves of EGG (EA vs Sham-EA).

Figure 6. Forest plot of effective rate (EA vs PM).
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analysis. The pooled results showed EA was equivalent to PM in
reducing gastric half-emptying time (SMD 0.02, 95% CI -0.16 to
0.20; P= .84) with no significant heterogeneity (I2=0%, P= .93).
(Fig. 8)

3.3.9. Adverse events. Adverse events were reported in 3 of the
studies. Zhang et al[13] reported 5 events, including subcutaneous
hemorrhage (3 events), faint during acupuncture needling (1
event), and marasmus during acupuncture (1 event). The rate of
adverse events was not significantly different between the EA and
Figure 7. Forest plot of plasm
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the sham-EA group. Zhang et al[15] reported mild diarrhea in 2
patients receiving PMduring the initial stages of treatment, which
spontaneously resolved within 5 days. Guo et al[17] reported zero
adverse events in their trial. By contrast, other studies[12,14,16,18]

did not report adverse events.

3.3.10. Publication bias. As shown in Figure 9, our funnel plot
analysis of symptom scores[12,15–18] was asymmetrical, which
suggested that there may be some publication bias among the
included studies.
a motilin level (EA vs PM).



Figure 8. Forest plot of gastric half-emptying time (EA vs PM).
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4. Discussion

4.1. Main findings

Thismeta-analysis investigated the effectiveness of EA (used alone)
in the treatment of FD relative to sham-EA or PM. The results
showed that EA could significantly improve clinical symptoms.
When EA was compared with sham-EA, there was a significant
increase in symptom scores improvement (SMD −3.44, 95% CI
−4.21 to −2.67; P= .30) and normal slow waves of EGG (SMD
0.93, 95% CI −0.30 to1.55; P= .004). When EA was compared
with PM, there was no significant difference in reducing symptom
scores (SMD −0.18, 95% CI −0.51 to 0.16; P= .30), increasing
effective rate of clinical symptoms (RR 1.04, 95%CI 0.96 to 1.13;
P=0.35) enhancing level of plasma motilin (SMD 0.93, 95% CI
-0.30 to1.55; P= .50) and reducing gastric half-emptying time
(SMD 0.02, 95% CI −0.16 to 0.20; P= .84). Furthermore, results
also suggest that there were minimal reported adverse events.
4.2. Interpretation

Functional dyspepsia is 1 of the most common functional
gastrointestinal diseases, which includes 3 subtypes that may
Figure 9. Fu
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have different pathophysiology and etiology: PDS, EPS, and a
subtype with overlapping PDS and EPS characteristics. Symp-
toms of functional dyspepsia may be caused by dyspepsia, gastric
paresthesia, or inflammation of the stomach and duodenum.
Besides, comorbidity, psychopathology, and personality traits
may play a role. Among them, decreased gastric motility (delayed
gastric emptying) and disorders of gut-brain interaction are
important physiological characteristics.[19] Due to the heteroge-
neity of FD, drugs such as eradication of helicobacter pylori,
inhibition of gastric acid, improvement of gastrointestinal
peristalsis, and anti-depressants have limited effects, and long-
term use of these drugs may also lead to adverse reactions.[20]

According to the body surface gastric electrical signals, the EGG,
which can show the electrical activity of the gastric smooth
muscle, indirectly reflects the ionization activity and the
relaxation and contraction situation of the gastric wall muscle,
and objectively reflects the gastrointestinal dynamic status.[21] In
the study published in the current issue, Zheng et al found that
16-week EA treatment was more effective than 16-week sham EA
treatment: a higher percentage of patients had no symptoms of
dyspepsia at all or improved symptoms of dyspepsia.[13]

Previously, many studies have explored the influence of EA on
nnel plot.

http://www.md-journal.com
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FD. A recent meta-analysis of 20 studies and 1,423 patients
suggests that the role of EA in the treatment of FD is positive
compared to the sham treatment.[22] At the same time,
transcutaneous electroacupuncture can improve gastric pacing
activity, increase neuropeptide Y and motilin gastrointestinal
hormones, enhance vagus nerve activity.[12] In a similar clinical
study, transcutaneous electroacupuncture was found to signifi-
cantly improve FD symptoms and quality of life as well as gastric
regulation and gastric emptying.[23] In FD patients with gastro-
paresis, EA at ST36 and PC6 can accelerate gastric solid emptying
by scintigraphy.[27] Zhou J et al found that auricular EA can
improve the gastric sensitivity of FD rats by improving the
balance of sympathetic vagus nerve.[24] Various clinical studies
have reported that the improvement effect of EA on gastric
dysrhythmia is consistent and repeatable, suggesting that EA
has a strong effect on the treatment of gastric slow-wave
dysrhythmia.[28–30]

At present, PMsmainly play a role in relieving the symptoms of
FD, commonly including prokinetic drugs, acid suppressants,
and psychotropic drugs, such as mosapride, omeprazole, and
amitriptyline. There is a common problem existed in these drugs,
they tend to have a single effect and are not safe for long-term use.
Through analysis of the included literature, it was found that EA
can better relieve FD-related symptoms compared with PM. The
main points that may be selected are Zusanli (ST 36), Zhongwan
(CV 12), Neiguan (PC 6), Taichong (LR 3), and Gongsun (SP 4).
The treatment plan may be a stimulation frequency of 2Hz/100
Hz, 2 times a day, each lasting 30 minutes, continuous treatment
for 4 weeks.[13,14] However, there is greater heterogeneity, which
is due to the insufficient literature and sample size included,
which requires more high-quality clinical studies to verify.
4.3. Strengths and limitations

There are several strengths to our study. To the best of our
knowledge, this is the first published systematic review and meta-
analysis to investigate the effectiveness and safety of EA alone in
the treatment of FD. Several outcome measures were used to
comprehensively evaluate effectiveness and safety. However,
there are also limitations to this meta-analysis.
(1)
 The trials included in the analysis were limited and the sample
sizes were relatively small.
(2)
 All of the trials were carried out in China and 2 studies were
published in Chinese. Accordingly, there is a high risk of
publication bias (as suggested by our funnel plot analysis).
(3)
 the effect values of HRV, NDI, and other outcomes cannot be
combined due to different control groups and assessment
criteria.
(4)
 But not least, the methodological quality of some included
studies was poor.
4.4. Implications for further research

Based on this meta-analysis, several issues need to be addressed to
improve the methodological quality of future clinical studies.
(1)
 The randomization procedure, allocation concealment and
blinding methods should be explicitly described and fully
reported.
(2)
 Withdrawal/dropout and adverse events during the study
should be clearly reported.
8

(3)
 Diagnostic and evaluation criteria should be unified and
standardized.
(4)
 All clinical trials should be prospectively registered and a link
to the protocol should be provided in the published article.

5. Conclusions

This meta-analysis suggests that EA is better than the placebo
(sham-EA) in treating FD, which is equivalent to PM. And it has
higher safety and fewer adverse reactions. Due to the generally
small sample size and poor methodological quality of the
included studies, it is impossible to draw a definitive conclusion
and hence our findings should be interpreted with caution.
Therefore, a large number of RCTs with high quality, large
samples, multi-centers, and relatively uniform evaluation criteria
are still needed to further verify the results and provide strong
evidence for the superiority of EA in the treatment of FD.
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