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Abstract

BACKGROUND

Functional dyspepsia (FD) is a common digestive disease with limited
therapeutic options. According to evidence-based clinical practice, acupuncture
or electroacupuncture (EA) seems to be a promising therapy for patients with FD.
However, there is still a lack of systematic reviews that have analyzed current
clinical trials for a better understanding of mechanisms involved in the
ameliorating effect of acupuncture and EA on FD.

AIM
To evaluate the results and qualities of existing clinical evidence for researching
the underlying mechanisms of acupuncture/EA in treating FD.

METHODS

A systematic search of the literature was performed to identify randomized
controlled trials in which research on the mechanism of acupuncture or EA was
conducted in FD patients. Databases searched included PubMed, EMBASE,
Cochrane Library, and Web of Science. Data extraction and quality assessment
were completed by two investigators independently and the results of quality
evaluation were exported through Review Manager V5.3.

RESULTS

Eight studies were included in this review with a total of 17 items for detecting
techniques for mechanistic research. Positive effects of acupuncture and EA were
observed in regulating gastric motility, gastric accommodation, mental status,
gastrointestinal hormones, and central and autonomic functions while improving
dyspeptic symptoms and quality of life.
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CONCLUSION

The key findings of this systematic review support the potential of acupuncture
and EA in altering the heterogeneous pathophysiology in patients with FD.
However, high-quality studies with well-planned designs are necessary to
provide more credible evidence.

Key words: Acupuncture; Electroacupuncture; Functional dyspepsia; Gastrointestinal
motility; Systematic review
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Core tip: In this systematic review, we pooled randomized controlled trials with
mechanistic investigations of acupuncture or electroacupuncture in improving dyspeptic
symptoms, and illustrated the existing results that may provide potential explanations for
the therapeutic effects. The findings of included studies in this review suggest that
acupuncture and electroacupuncture can improve gastric motility and accommodation,
regulate gastrointestinal hormones and mental status, and alter certain central and
autonomic functions in patients with functional dyspepsia. However, due to limitations
in the included articles, high-quality studies with well-planned designs and multiregional
investigations are necessary to provide more convincing and credible evidence.
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INTRODUCTION

Functional dyspepsia (FD) is one of the major functional gastrointestinal disorders
(FGIDs)"?. Defined by Rome IV criteria, FD patients suffer from several upper
gastrointestinal (GI) symptoms including postprandial fullness, early satiety and
epigastric pain or discomfort but without organic causes, and can be divided into two
subtypes: Postprandial distress syndrome and epigastric pain syndrome (see Table
1)FL In a 100 population-based meta-analysis containing more than 312000 subjects,
the overall pooled prevalence of uninvestigated dyspepsia was 20.8% (95% confidence
interval: 17.8% to 23.9%)". Unfortunately, the complexity of pathophysiological
mechanisms of FD has led to insufficient efficacy of the limited available treatment
optionsPl. The persistent symptoms of FD are associated with negative impacts on
psychological status and quality of life (QOL) for individuals!®! as well as a huge
financial burden to the society, which totaled $18.4 billion in 2009 in the United
States!’.

Despite the increasing demand of clinical efficacy, there are no approved
treatments for FD in Western societies®. Several current approaches are able to reduce
discomfort to some extent but also with certain concerns. For example, Helicobacter
pylori eradication is currently considered first-line therapy for FD patients with H.
pylori infection”). However, increased antibiotic resistance and treatment-related side
effects are the main drawbacks of this treatment"'"l. Moreover, acid-suppressing
drugs including proton pump inhibitors, prokinetic medications and tricyclic
antidepressants are suggested in clinical practice to treat FD patients, but there is still
an unmet need for treatment because of their limited efficacies and side effectsl"l.

The heterogeneous pathophysiology of FD is believed to have a close connection
with the unsatisfactory clinical approaches’®. Gastric dysmotility, impaired gastric
accommodation, visceral hypersensitivity, and mucosal alterations have been highly
recognized as the basic pathophysiological factors of FD!"2. Abnormal gastric motility
is represented by delayed gastric emptying, antral hypomotility, and gastric
dysrhythmia. It is reported that up to 60% of FD patients have delayed gastric
emptying and abnormal gastric myoelectrical activity!’l. Currently, scintigraphy is
considered the gold standard for testing gastric emptying while non-radioactive
carbon 13 or carbon-14 breath test serves as a substitute for repeated testing"*l.
Noninvasive electrogastrography (EGG) has been used to assess gastric pace-making
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Table 1 Rome IV criteria for functional dyspepsia

Functional dyspepsia diagnostic criteria'

One or more of the following:

Bothersome postprandial fullness

Bothersome early satiation

Bothersome epigastric pain

Bothersome epigastric burning

AND

No evidence of structural disease (including at upper endoscopy) that is likely to explain the symptoms
Postprandial distress syndrome diagnostic criteria”

Must include one or both of the following at least 3 d per wk:

Bothersome postprandial fullness (i.e. severe enough to impact on usual activities)

Bothersome early satiation (i.e. severe enough to prevent finishing a regular-size meal)

No evidence of organic, systemic, or metabolic disease that is likely to explain the symptoms on routine investigations (including at upper endoscopy)
Supportive remarks:

Postprandial epigastric pain or burning, epigastric bloating, excessive belching, and nausea can also be present
Vomiting warrants consideration of another disorder

Heartburn is not a dyspeptic symptom but may often coexist

Symptoms that are relieved by evacuation of feces or gas should generally not be considered as part of dyspepsia

Other individual digestive symptoms or groups of symptoms, e.g., from gastroesophageal reflux disease and the irritable bowel syndrome may coexist
with PDS

Epigastric pain syndrome diagnostic criteria”

Must include at least 1 of the following symptoms at least 1 d a week:

Bothersome epigastric pain (i.e. severe enough to impact on usual activities)

AND/OR

Bothersome epigastric burning (i.e. severe enough to impact on usual activities)

No evidence of organic, systemic, or metabolic disease that is likely to explain the symptoms on routine investigations (including at upper endoscopy)
Supportive remarks:

Pain may be induced by ingestion of a meal, relieved by ingestion of a meal, or may occur while fasting
Postprandial epigastric bloating, belching, and nausea can also be present

Persistent vomiting likely suggests another disorder

Heartburn is not a dyspeptic symptom but may often coexist

The pain does not fulfill biliary pain criteria

Symptoms that are relieved by evacuation of feces or gas generally should not be considered as part of dyspepsia

Other digestive symptoms (such as from gastroesophageal reflux disease and the irritable bowel syndrome) may coexist with EPS

"Must fulfill criteria for Bla. Postprandial distress syndrome and/ or epigastric pain syndrome.
2Criteria fulfilled for the last 3 mo with symptom onset at least 6 mo before diagnosis. EPS: Epigastric pain syndrome; PDS: Postprandial distress
syndrome.

activity in FD studies!"*'>'°l. Using barostat testing, approximate one-third of FD
patients are believed to suffer from visceral hypersensitivity and impaired gastric
accommodation!”l. Low-grade duodenal inflammation along with impaired mucosal
integrity have been recently discovered as an underlying pathophysiological
mechanism in FD, which has characteristics of increased eosinophil and mast cell
infiltration!**.

As a well-known alternative therapy, acupuncture has been applied for the
treatment of various diseases!”!. Based on the different methods of stimulation,
acupuncture can be classified as manual acupuncture (MA), electroacupuncture (EA),
and transcutaneous electrical acustimulation (TEA)P'l. All of these methods have been
used to treat FGIDs with seemingly promising therapeutic effects in clinical
practice”l. Based on the meta-analysis of randomized controlled trials (RCTs),
acupuncture treatment reportedly has a significant positive effect on FD patients
compared with sham acupuncture (pooled risk ratio = 2.66, 95% confidence interval:
1.85 to 3.82)*’l. Meanwhile, several clinical studies have been performed to investigate
the possible underlying mechanisms of FD, including gastric dysrhythmias, delayed
gastric emptying, and deactivated primary somatosensory areas and the cerebella® .
However, there is still a lack of bibliometric analyses that have evaluated the results
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and qualities of existing clinical trials for a better understanding of the underlying
mechanisms involved in the ameliorating effects of acupuncture and EA on FD.

A Dbetter understanding of the therapeutic mechanisms of acupuncture and EA will
help to improve the clinical efficacy of acupuncture and EA in treating FD and even
provide new insights into the medical practice for treating different subtypes of FD.
Accordingly, the aim of this systematic review was to evaluate the pathophysiological
mechanisms involved in the therapeutic effects of acupuncture and EA in patients
with FD.

MATERIALS AND METHODS

Protocol and registration

The protocol of this systematic review was registered in the PROSPERO (International
Prospective Register of Systematic Reviews) database (Registration No.
CRD42019143193) with open access at https:/ /www.crd.york.ac.uk/PROSPERO.

Selection criteria

Types of participants: Individuals, who were diagnosed with FD under the
definitions of Rome criteria, including Rome I, II, III and IV criteria, were included.
There were no restrictions on gender or race.

Types of interventions: Studies with applications of acupuncture or EA in patients
with FD were included. Specifically, these interventions contain MA, EA, auricular
acupuncture, acupressure and transcutaneous acupoint electrical stimulation using
skin electrodes. Clinical trials, however, involving laser acupuncture, acupoint
injection, acupoint embedding or acupoint moxibustion, were excluded. There were
no limitations on the number of acupoints and the duration of treatment.

Types of comparators: Studies comparing sham acupuncture, medication, or no
intervention were included in this review. On the other hand, studies with
comparisons between different acupoints were excluded.

Types of outcome measures: Studies assessed the underlying mechanisms of
acupuncture or EA by the usages of certain techniques, such as brain imaging, EGG,
gastric emptying and questionnaires for mental status, were included.

Types of study designs: RCTs published in peer-reviewed journals in English were
included.

Search strategy

A comprehensive literature search was conducted in four English online databases:
PubMed, EMBASE, Cochrane Library, and Web of Science from their inception
through July 9, 2019. The following search terms were combined for selected
indications when appropriate: “functional dyspepsia (functional dyspepsia; non-ulcer
dyspepsia; FD) and acupuncture therapy (acupuncture; electroacupuncture;
acupressure; acupoint; acupuncture point).” The search strategy for PubMed was as
follows: (1) search “acupuncture [Title/Abstract] OR electroacupuncture
[Title/ Abstract] OR acupressure [Title/ Abstract] OR acupoint [Title/ Abstract]”; (2)
Search “functional dyspepsia [Title/ Abstract] OR non-ulcer dyspepsia
[Title/ Abstract] OR FD [Title/ Abstract]”; and (3) Search “English [Language]”.

Study selection and data extraction

Two independent reviewers evaluated the eligibility of all studies by screening the
titles, abstracts, and full texts sequentially with the selection criteria mentioned above.
One reviewer completed the data extraction from the included studies while the
second reviewer checked the accuracy of the extracted data. Detailed information,
including study design of RCT, participants” demographics (e.g., number, gender, age,
groups and diagnostic criteria with subtype information), details of interventions
(according to standards for reporting interventions in clinical trials of acupuncture
guidelines™l), main results and research techniques in mechanisms, were extracted to
form a conclusive table (see Table 2). Any disagreements were resolved by discussion
and consensus with the corresponding author.

Quality assessment

Based on the Cochrane Collaboration’s tool for assessing the risk of bias™, all
included trials were assessed for methodological quality by two independent
investigators, with disagreements resolved by a third investigator. The following
aspects were evaluated respectively for this assessment: generation of random
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Table 2 Characteristics of included studies of acupuncture vs sham, medication or no treatment in treating functional dyspepsia

: Partial inclusion o Interventions Main results Mechanism

Ref. Study design . Participants .

(details) (acupoints) (scales) research
Liu et al*®], 2008 Cross-over Yes (chronic stage ~ n:27 (F 18); Age EXP: TEA (PC6, Decreased dyspepsia Gastric motility
included) (mean): 40.3 £ 4.5; ST36); CONT: Sham symptom scores by  (myoelectrical
groups (n): Verum A TEA (2 non- 55% in TEA group  activity);
(27), Sham A (27); acupoints); duration (‘P < 0.01) neuroactivity
Diagnosis: Rome II  and frequency: 30 (symptom scores (autonomic
min, twice per day, without identified  function); GI
for 2 wk source) hormones
Zeng et al”’l, 2012 Parallel No n: 64 (F 39); Age EXP: EA (ST34, Decreased symptom Brain function
(mean, 95%CI): ST36, ST40, ST42); score in EA greater
Verum A (23.97, CONT: Sham EA (4 than sham EA (P <
22.90-25.04), sham A non-acupoints); 0.05) (SID); clinically
(23.83,22.67-25.00);  duration and improved QOL in
groups (n): Verum A frequency: 30 min, ~ EA not in sham EA
(34), sham A (30); once per day, 20 (NDI for QOL)
diagnosis (subtype): sessions in 4 wk
Rome III (PDS)
Jiet al®, 2014 Cross-over No n: 28; age (mean): EXP: TEA (PC6, Improved dyspeptic Gastric motility
44.1+94; Groups  ST36); CONT: Sham symptomsin TEA  (myoelectrical
(n): Verum A (28),  TEA (2 non- (‘P < 0.05) not in activity and gastric
sham A (28); acupoints); duration sham TEA (GCSI);  emptying); gastric
diagnosis (subtype): and frequency:2h, improved 4 domains accommodation;
Rome III (PDS) thrice per day, for2 of QOL in TEA (‘P < mental status
wk 0.05) not in sham
TEA (SF-36)

Jin et al*”), 2015 Parallel Yes (serum gastrin ~ n: 56 (F 35); age EXP: MA (ST36, KI3 Improved dyspeptic Mental status
concentration and (mean): Verum A + GB4, PCo6, HT?); symptoms in MA
gastric slow wave (49.29 £10.32), sham CONT: Sham MA and better than
excluded) A (48.25 £ 11.40); (non-acupoints); sham MA (‘P < 0.05)

groups (n): Verum A duration and (NDI); improved

(28), sham A (28); frequency: 20-60 min QOL in MA and

diagnosis: Rome III  in EXP/20 min in greater than sham
CONT, once every ~ MA (‘P < 0.05) (SF-
other d, for 4 wk 36)

Xu et all®, 2015 Cross-over Yes (TEA and sham  n: 8; age (mean): Not EXP: TEA (PC6, Improved dyspeptic Gastric motility
TEA sessions mentioned; groups ~ ST36); CONT: Sham symptomsin TEA  (myoelectrical
included) (n): Verum A (8), TEA (2 non- and greater than activity); gastric

sham A (8); acupoints); Duration sham TEA (‘P < accommodation;

diagnosis (subtype): and frequency: 30 0.05) (GCsI) neuroactivity

Rome III (PDS) min, for 1 session (autonomic
function)

Zhang et al®, 2015 Parallel Yes (EA and control n: 319 (F 157); age EXP: EA (ST36, Decreased symptom GI hormones; gastric
groups included) (mean): EA (42.6+  CV12, PC6, LR3, scores in EA and motility

11.9); CONT (41.8 + SP4); CONT: Oral greater than CONT  (myoelectrical
12.2); groups (n): EA pantoprazole, (“P < 0.05) (symptom activity and gastric
(159), CONT (160);  amitriptylines and  scores without emptying)
diagnosis: Rome III  mosapride; duration identified source);

and frequency: 15 increased QOL

min, twice per day, scores in EA and

5-d per wk in EXP;  better than CONT

pantoprazole 20 mg  (*P < 0.05) (SF-36)

with amitriptylines 5

mg, twice per day,

and mosapride 5

mg, thrice per day in

CONT; for 4 wk

Ko et all*, 2016 Cross-over Yes (from baseline to n: 76 (F 53); age EXP: MA (LI4, ST36, Significantly higher Mental status
the first 4-wk (mean): MA (49.4+ LR3,SP4,CV12+ PR in MA than
included) 12.1); CONT (49.1+ GB21, SI14, PC6, EX- CONT (‘P < 0.001);

14.5); groups (1): HNS5, ST34); CONT: lower symptom
MA (37), CONT (39); No treatment; scores in MA than
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Qiang et all*”], 2018  Parallel No n: 64 (F 38); age EXP: EA (ST36,SP6, Decreased symptom GI hormones
(mean): EA (42.6+  SP4, PC6); CONT: score in EA and
11.9); CONT (41.8+ Oral mosapride; greater than CONT
12.2); groups (n): EA  duration and (°P < 0.05) (LDQ);
(32), CONT (32); frequency: 30 min,  increased QOL

diagnosis: Rome Il once per day in EXP; scores in EA and
5 mg, thrice per day better than CONT
in CONT; for30d  (“P <0.05) (FD-QOL
scale)

P <0.05,°P <0.01,

P < 0.001 vs control group;

‘P <0.05,

4P <0.01, P < 0.001 vs sham TEA;

8P < 0.05 vs sham EA;

P < 0.05 vs sham MA. A: Acupuncture; CONT: Control group; EA: Electroacupuncture; EXP: Experimental group; F: Female; FD-QOL: Functional
dyspepsia-related quality of life; GCSI: Gastroparesis cardinal symptom index; GI: Gastrointestinal; LDQ: Leeds dyspepsia questionnaire; MA: Manual
acupuncture; NDI: Nepean dyspepsia index; PDS: Postprandial distress syndrome; PR: Proportion of responders; QOL: Quality of life; SF-36: Short form 36
health survey questionnaires; SID: Symptom index of dyspepsia; TEA: Transcutaneous electrical acustimulation; CI: Confidence interval.

sequence, concealment of allocation, blind method, incomplete outcome data,
selective reporting and other bias, and the results were exported through Review
Manager V 5.3 (Cochrane Collaboration, Oxford, United Kingdom).

RESULTS

Study selection

Based on the PRISMA flow diagram, the process of study selection is shown in Figure
1. A total of 202 potential records were retrieved through the four databases. After the
removal of duplicates, 109 articles remained to be screened by the titles and abstracts.
Of these 109 articles, 25 studies appeared to be relevant and were assessed in the full
text. Upon agreement between the two reviewers, eight studies met the inclusion
criteria and were included in this review!**".

In the study of Zhang ef alU'l, multiple groups were used; based on the
requirements of inclusion criteria, only data from the EA group and control group
were extracted for the analyses. Similarly, data came from the TEA and sham TEA
sessions of the research of Xu et al®" as well as the chronic stage of the study of Liu et
al”! were included in this review. Due to an ineligible control group, data on serum
gastrin concentration and gastric slow waves were excluded in the study of Jin et al*’.
In the cross-over study from Ko et alt"”], only data from the baseline to the end of the
first 4 wk of the treatment (first arm of the treatment) were extracted for analysis and
data from the second arm of the treatment were excluded due to lack of a wash-out
period before the second-arm treatment (See Table 2).

Study characteristics

Results from eight studies published from 2012 to 2018 were included in this review
with detailed information shown in Table 2. A total of 642 patients were involved in
the eight trials and the number of participants varied from 8 to 319. The percentage of
females was 49.2%-69.7% with two unknowns*l. Therapeutic methods included
MA, EA, and TEA. Five of the studies adopted the sham acupuncture as the control
method**", compared to two trials using medications”*’! and one study without
treatment™ in the control group. All included studies applied certain dyspepsia
symptom scales (see Table 2) to assess the efficacy of acupuncture, and six reported
the effects of acupuncture on QOLF"7'"], In terms of mechanistic research, a total of
17 items were investigated in the studies and classified into the following categories:
gastric motility, gastric accommodation, mental status, GI hormones, and central and
autonomic functions (see Figure 2A).

Clinical effects

Dyspeptic symptoms and QOL: All eight studies reported decreased dyspeptic
symptom scores after the MA, EA, or TEA treatment by using varied symptom scales
(see Figure 2B). However, different methods of assessment and different scales used
in reporting results made it difficult to compare the outcomes among the studies.
Most of the included trials indicated an improvement in QOL in FD patients treated
with acupuncture, and the short form 36 health survey questionnaire and FD-related
QOL were the popular measurement tools among the studies (see Figure 2C).

Pathophysiology
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Cochrane Library (7 = 35), EMBASE (7 = 91),
PubMed (7 = 63), Web of Science (7 = 13)
Total: 202 records initially identified

> Repetition removal (7 = 93)

Screening

Potential relevant records for more detailed
evaluation (7 = 109)

Records excluded (7 = 84):
28 reviews

14 protocols

9 animal studies
8 not FD

6 not RCT

25)

Z
g
=)
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Full-text articles assessed for eligibility (7 = 10 without mechanism investigation

4 used/combined other treatments

5 irrelevant studies

Full-text articles excluded (7 = 17):
7 conference abstracts
5 unqualified control group
5 not published in English

Included

Eligible studies included (7 = 8)

Figure 1 Preferred reporting items for systematic reviews and meta-analyses flow diagram. FD: Functional dyspepsia; RCT: Randomized controlled trial.

Gastric motility: Among the eight studies, three reported the results of gastric
motility, including gastric myoelectrical activity and gastric emptying (see Table 3).
To study the mechanism of gastric myoelectrical activity, EGG was used consistently
in the trials and the gastric slow wave frequency was a major and common
parameter”*?***7. Two trials reported improvement in the percentage of normal
gastric slow waves* and one study showed an increase in gastric slow wave
frequency”". Two of the three studies reported the outcomes of gastric emptying but
with different methods, including the radiogram and B-ultrasound; accelerated gastric
emptying was observed in both studies**!l.

Gastric accommodation: Due to the intolerance of barostat, which is the gold
standard for assessing gastric accommodation, two studies applied the nutrient
drinking test or satiety drinking test as a surrogate for the assessment of gastric
accommodation! (see Table 3). The maximum tolerable volume was used to reflect
the capacity of gastric accommodation and was increased after TEA in both studies.

Mental status: Anxiety and depression were the two focuses for evaluating mental
status. Three studies assessed the anxiety and depression degrees by different
questionnaires and showed improvement in mental status after acupuncture
treatment”***?! (see Table 3).

Mechanisms

GI hormones: Five GI hormones were tested in three of the eight trials!**’' I,
including neuropeptide Y (NPY), motilin, ghrelin, calcitonin gene-related peptide
(CGRP) and glucagon-like peptide-1 (GLP-1). Radioimmunoassay and enzyme-linked
immunosorbent assay were adopted as the testing methods in the studies (see Table
2). EA was reported to increase motilin, ghrelin, and GLP-1 levels and decrease CGRP
level. The study of Liu et al®), however, showed an increase in plasma NPY but not
motilin after TEA treatment.

Central and autonomic functions: By means of fluorine-18 fluorodeoxy glucose
positron emission tomography computed tomography (PET-CT) scans, one study
observed the cerebral glycometabolism changes in FD patients and found extensive
deactivation in cerebral activities in EA group compared with the sham EA group!™..
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Figure 2 Numbers of detecting items for mechanism research, scales of dyspeptic symptoms, and scales of quality of life of acupuncture and
electroacupuncture in treating functional dyspepsia. A: Numbers of detecting items for mechanism research; B: Numbers of detecting items for scales of
dyspeptic symptoms; C: Numbers of detecting items for scales of quality of life. FD-QOL: Functional dyspepsia-related quality of life; GCSI: Gastroparesis cardinal
symptom index; Gl hormones: Gastrointestinal hormones; LDQ: Leeds dyspepsia questionnaire; NDI: Nepean dyspepsia index; QOL: Quality of life; SF-36: Short form
36 health survey questionnaires; SID: Symptom index of dyspepsia.

In addition, two cross-over trials reported a TEA-induced increase in vagal activity
assessed by the spectral analysis of heart rate variability (HRV) derived from
electrocardiogram™"! (see Table 3).

Methodological quality

Methodological assessment of the included studies was represented in the risk of bias
graph (Figure 3A) and the risk of bias summary (Figure 3B). Most studies showed a
low risk at the random sequence generation. However, the risk of selective reporting
remained unclear in most trials due to the lack of research protocols published or
registered previously. Meanwhile, most responses of allocation concealment, blinding
of participants and personnel, and blinding of outcome assessment were unavailable
in detail.

DISCUSSION

Due to the complex and multifactorial pathophysiology of FD, the effectiveness of
current treatments remains unsatisfactory. Under this condition, nearly 50% of
patients suffering from FGIDs showed the tendency to seek out complementary and
alternative medicinell. A number of clinical studies have indicated the positive
outcomes of acupuncture in treating FD*?; however, there is a lack of mechanistic
studies based on high-quality clinical trials. In this systematic review, using evidence-
based evaluation methods, we pooled clinical trials with mechanism investigations of
acupuncture in treating FD and presented the existing results that may provide
potential explanations for the therapeutic effects.

Our findings demonstrated that the RCTs available in the literature placed
emphasis on gastric motility and accommodation, psychopathological state,
neuroendocrine functions, and central and autonomic functions to elucidate the
underlying mechanisms of acupuncture in treating FD. All included articles
demonstrated improvement of dyspeptic symptoms, and six trials reported the
enhancement of QOL with acupuncture in FD patients, in agreement with a previous
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Table 3 Characteristics of included studies in mechanism research

Ref.

Detecting items

Research techniques

Main results

Gastric motility
Liu et al®, 2008

Ji et all”®), 2014

Xu et al™), 2015

Zhang et al®, 2015

Gastric accommodation

Ji et al®®), 2014

Xu et al™, 2015

GI hormones

Liu et al®, 2008

Zhang et all® ]], 2015

Qiang et all**], 2018

Mental status

Jiet all®’], 2014

Jin et al®”), 2015

Ko et all*”, 2016

Central and autonomic functions

Liu et al®, 2008

Zeng et a1 2012

Xu et al™), 2015

Gastric myoelectrical activity

Gastric myoelectrical activity; Gastric
emptying

Gastric myoelectrical activity

Gastric myoelectrical activity; gastric
emptying

Gastric accommodation

Gastric accommodation

Plasma NPY and motilin levels

Plasma motilin level

Serum ghrelin, CGRP and GLP-1
levels

Anxiety and depression

Anxiety and depression

Anxiety and depression

Autonomic function

Cerebral glycometabolism changes

Autonomic function

EGG

EGG; Radiogram

EGG

EGG; B-ultrasound

Nutrient drinking test

Satiety drinking test

Radioimmunoassay

Radioimmunoassay

ELISA

SAS/SDS

SAS/SDS

STAI/BDI

HRYV derived from ECG

PET-CT scans

HRYV derived from ECG

Gastric slow wave not altered by
TEA

Increased percentage of normal slow
wave in both fasting and
postprandial stages in TEA (‘P <
0.01) not in sham TEA; accelerated
gastric emptying in TEA (‘P < 0.001)
not in sham TEA

Increased dominant power and
percentage of normal slow wave in
postprandial stage in TEA compared
with sham TEA (°P < 0.05)

Improved basic frequency and slow
wave frequency in EA compared
with CONT (“P < 0.05); increased
gastric half-emptying time and
antrum movement index in EA
compared with CONT ("P < 0.05)

Improved threshold of satiety
volume (‘P < 0.01) and maximum
tolerance volume (‘P < 0.001) in TEA
not in sham TEA

Increased maximum tolerable
volume in TEA compared with sham
TEA ("P <0.05)

Increased plasma NPY but not
motilin level in TEA (‘P < 0.05) not in
sham TEA

Increased plasma motilin level in EA
compared with CONT ("P < 0.05)

Increased serum ghrelin and GLP-1
levels and decreased CGRP level in
EA compared with CONT (P < 0.05)

Decreased anxiety (‘P < 0.01) and
depression (‘P < 0.05) scores in TEA
not in sham TEA

Improved anxiety (“P < 0.0001) and
depression (“P < 0.001) status in MA
compared with sham MA

Decreased anxiety and depression
scores in MA (°P < 0.01) not in CONT

In fasting stage, higher HF activity
(‘P < 0.05) and lower LF/HF ratio (‘P
<0.05) in TEA than that before the
treatment but not in sham TEA

Extensive deactivation in cerebral
activities in EA compared with the
sham EA('P < 0.001)

Enhanced vagal activity in TEA
compared with sham TEA (‘P < 0.001)

P <0.05,

PP < 0.01 vs control group;
‘P <0.05,

dp<0.01,

‘P <0.001 vs sham TEA;

kP < 0.001 vs sham EA. BDI: Beck depression inventory; CGRP: Calcitonin gene-related peptide; CONT: Control group; EA: Electroacupuncture; ECG:
Electrocardiogram; EGG: Electrogastrogram; GI: Gastrointestinal; GLP-1: Glucagon-like peptide-1; HRV: Heart rate variability; MA: Manual acupuncture;
NPY: Neuropeptide Y; SAS: Zung's self-rating anxiety scale; SDS: Zung's self-rating depression scale; STAI: State-trait anxiety inventory; PET-CT: Fluorine-
18 fluorodeoxy glucose positron emission tomography computed tomography; TEA: Transcutaneous electrical acustimulation; ELISA: Enzyme linked

immunosorbent assay.
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Figure 3 Risk of bias graph and summary of included studies. A: Risk of bias graph of included studies; B: Risk of bias of included studies.

systematic and meta-analysis on the efficacy of acupuncture in treating FD.

Four studies showed enhanced gastric myoelectrical activity assessed by the EGG
with both EA and TEA®*7%71l. One trial tested the level of plasma motilin, one of GI
hormones to simulate GI motility, and demonstrated that EA increased plasma
motilin while ameliorating dyspeptic symptomsl. Two studies indicated that EA and
TEA accelerated gastric emptying assessed by the radiogram or ultrasound™!l.
Although the breath test and scintigraphy are more commonly used to assess gastric
emptying!™, the positive results on gastric myoelectrical activity and gastric emptying
in these studies have provided evidence that EA and TEA improve dyspeptic
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symptoms by enhancing gastric motility in patients with FD. Also, impaired gastric
accommodation has been observed in FD patients. Due to the intolerance of
barostat, two studies applied a surrogate method, the nutrient drinking test, for the
assessment of gastric accommodation, and reported enhanced gastric accommodation
with TEA in comparison with sham treatment in patients with FDF1,

With the updates of Rome IV, FGIDs have been considered disorders of the gut-
brain interaction!”]. Meanwhile, more and more research has garnered considerable
interest in revealing the relative mechanisms and identifying potential therapeutic
targetst’’l. Brain-gut peptides, including GI hormones and neuropeptides, play an
important role in communication between the GI system and the brain. It has been
reported that NPY, motilin, ghrelin, and GLP-1 affect gastric emptying and
appetite’”*l and that CGRP participates in the development of visceral
hypersensitivity!“!l. All these peptides, including motilin, ghrelin, NPY, GLP-1 and
CGRP, have been investigated in relevant research for studying potential
managements of FD patients!*>*’l. In this review, one study assessed the
neuroendocrine function and observed that EA regulated the serum levels of ghrelin,
GLP-1, and CGRP and concurrently improved dyspeptic symptoms and QOL. A
study by Liu ef al®! reported the enhanced release of NPY but not motilin with TEA in
FD patients. On the contrary, another study showed an increased plasma motilin level
in FD patients treated by EA in comparison with the control groupl”!. It has been
reported in rodent studies that EA with chronically implanted electrodes improve
gastric dysmotility mediated via autonomic-cholinergic mechanisms!! and suppress
gastric hypersensitivity by restoring the sympathovagal balancel””l. According to a
resting-state functional magnetic resonance imaging study, the functional connectivity
of the brain was changed after MA in FD patients!*’. These possible modulations of
acupuncture on both central and peripheral nervous systems may provide an
underlying explanation for the regulatory effect of acupuncture on brain-gut peptides.

Epidemiological evidence has suggested a higher prevalence of anxiety and
depression in FD patients than in healthy subjects, suggesting a role of psychiatric
disorders in the onset of FDI*\. Three studies in our review reported a decrease in
anxiety and depression scores after TEA or MA in FD patients* 2. To study the
specific interactions between the gut and the brain, neuroimaging has been entered
into the field of FGIDs and helped to partly elucidate the complexity of
pathophysiological mechanisms™. With the use of PET-CT scans, one clinical trial
investigated the cerebral glycometabolism changes in FD patients and detected
extensive deactivation in cerebral activities with EA compared with sham?. The
autonomic nerve system is an important interface of the gut-brain axis®; two studies
showed TEA-induced increase in vagal activity assessed by the spectral analysis of
HRYV derived from the electrocardiogram!™..

Methods of MA, EA, and TEA

With substantial progress in clinical and mechanistic research, acupuncture has been
increasingly accepted in Western societies” and has been applied in treating GI
dysfunctionst such as irritable bowel syndrome™, inflammatory bowel diseasel*,
and constipation™. According to the difference of implementation, the general terms
of acupuncture include MA, EA, and TEA.

In clinical practice, MA is the classical and most commonly used method; it is
performed by inserting needles into certain acupoints with or without special manual
manipulations, such as twisting, lifting, thrusting, or other complex combinations, to
achieve different sensations for specific therapeutic effects”. It has been indicated
that different modes of MA have different effects on the same diseasel”!. However, the
main concern of MA is the difficulty in standardizing the treatment, especially in
clinical research!l.

Compared to MA, EA is a modern approach that combines traditional acupuncture
with modern concepts of neuromodulation®. Due to its advantages in great time
saving and high reproducibility, EA has been widely applied in clinical and
laboratory research®l. Moreover, different clinical effects can be obtained through
different stimulation parameters. For example, EA at a low frequency of 2-4 Hz can
enhance the release of enkephalins in the central nervous system, whereas EA at a
high frequency of 80-120 Hz can increase dynorphins in the spinal cord™*.

TEA is considered an alternative of EA. It is a noninvasive and needleless method
of stimulating the acupoint via surface electrodes placed over the acupoints. Using a
wearable stimulation device, TEA can be easily handled by the patient or family at
home, which eliminates the hospital visit and reduce the treatment cost and increases
the treatment frequency and thus therapeutic efficacy. Moreover, without the
insertion of needles and tedious hospital visits, clinical compliance is greatly increase
with TEA™I It has been shown that the efficacy of TEA in pain control is at least as
effective as EAl\. By increasing the frequency of administration from a few times per
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week to once or twice daily, TEA could be more effective than EA and acupuncture
and therefore more attractive in treating FD.

Methods of the assessment of FD pathophysiology

According to the present understandings, different pathophysiological mechanisms
are relevant to the occurrence of FD, including disturbed gastric motility and
sensation, impaired gastric accommodation, low-grade gastroduodenal immune
activation and dysregulation of gut-brain axis!""l.

Gastric slow waves and emptying: Unlike the consistent usage of EGG in clinical
studies of gastric slow waves for dysrhythmial®), the methods of gastric emptying
test are varied. Scintigraphy has been adopted as the current gold standard for
measuring gastric emptying!'‘l. Meanwhile, corresponding consensus standards with
the recommended protocol have been developed to overcome the shortness in
reproducibility of different test meals and recording techniques!”“*l. Except the formal
gastric emptying test, gastric food retention on endoscopy has been found having a
correlation with delayed gastric emptying!”l. Also, several noninvasive approaches
are available. For instance, *C-octanoic acid breath test is a more commonly used
reliable substitute for repeated testing with similar reproducibility of scintigraphy!*’.

Gastric accommodation: Impaired gastric accommodation can be tested via an
intragastric balloon connected to a barostat device, which is considered the gold
standard. A few imagine techniques have also been used to assess gastric
accommodation such as single-photon emission computed tomography, ultrasound,
and magnetic resonance imaging!”"”?l. However, none of these methods has been
widely used in clinical diagnosis or clinical research®”.. On the other hand, the non-
imaging nutrient drinking test has been employed as noninvasive and reproducible
alternatives for the diagnosis of impaired accommodation as well as the assessment of
therapeutic effectiveness/’*”". It has been indicated that the distal instead of proximal
stomach function may be more relevant to drinking capacity, but the persistent
discomforts of FD patients are mostly associated with the proximal stomach
volume!”’l. More recently, one enhanced gastric emptying scintigraphy test showed
the potential to obtain the results from gastric emptying and accommodation with
antral contraction in one test!l. However, further development is needed before it can
be popularized.

Visceral hypersensitivity: Visceral sensations are conventionally classified into
chemical and mechanical sensations. Gastric mechanosensitivity to distension can be
measured by gastric barostat®’l. The prevalence of gastric hypersensitivity assessed by
gastric barostat has been reported in 37% of FD patients!"! and a positive correlation
between visceral hypersensitivity and GI symptom severity has been shown*J. For
visceral chemosensitivity, capsaicin, as an agonist at the transient receptor potential
vanilloid 1 that plays an important role in converting noxious chemical and physical
stimuli into nociceptive responses(®], has been used in related studies to uncover an
increase in chemical hypersensitivity in FD patients!**l. Acid sensitivity has also been
studied in FD patients. According to one study, the severity of dyspeptic symptoms
caused by direct gastric acid infusion was greater in FD patients than in healthy
volunteers™.

Duodenal mucosal alterations: Recently, duodenal mucosal alterations represented
by low-grade inflammation and impaired mucosal integrity have been considered one
of the main pathological factors in FDI""l. Increased infiltration of mucosal eosinophils
and mast cells have been identified in FD patients under immunohistochemical
stain(”l. The Ussing chamber, a well-known technique for the evaluation of transmural
resistance of epithelial tissue!®!, has been applied to uncover the reduced
transepithelial electrical resistance and enhanced paracellular permeability in patients
with FD!"I. In addition, one study utilized an endoscopic catheterization method to
measure the mucosal admittance and observed increased mucosal permeability in FD
patients with a significant negative correlation between transepithelial electrical
resistance and mucosal admittance in the duodenum!®!. Several studies have shown
the systemic immune activation in FD". For instance, in a previous study, the levels
of tumor necrosis factor-a, interleukin-1p, and interleukin-10 as well as small bowel
homing T cells were found to be elevated in FD patients compared with healthy
controls or patients with irritable bowel syndrome, as assessed by flow cytometry and
enzyme-linked immunosorbent assay!".

Others: Neuroimaging studies, conducted mostly by PET-CT and magnetic resonance
imaging, have manifested the dysfunctional brain-gut interactions in patients with
FDP>4. By measuring HRV, altered autonomic function has been observed in FD in
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both adults and children . Anxiety, depression, and somatoform disorders are the
most common psychosocial factors in FD patients!”’l. Therefore, various
questionnaires, such as Spielberger State and Trait Anxiety Inventory, Centre of
Epidemiological Studies Depression Scale, Symptom Checklist-90, Zung's Self-Rating
Anxiety Scale, Zung’s Self-Rating Depression Scale, 17-item Hamilton Depression
Rating Scale, and the 14-item Hamilton Anxiety Rating Scale, have been adopted in
clinical studies for psychosocial assessments and therapeutic evaluations!'"!l.

Limitations and future directions

There were several limitations in this review. First, the included studies were highly
heterogeneous in regard to study design, research aims, and targeted mechanisms.
For instance, various scales were used to evaluate the efficacy of acupuncture, EA and
TEA in improving dyspeptic symptoms, which led to non-mergeable data for further
meta-analyses. To achieve consistent and comparable clinical outcomes, well-
designed questionnaires, such as nepean dyspepsia index, or proportion of
responders should be used as evaluation tools in future FD studies. Second, studies
with a high methodological quality were relatively limited, based on the Cochrane
Collaboration’s assessment tool. Critical information related to allocation concealment
as well as blinding methods of participants, personnel and outcome assessment
remains missing in most of the included trials. However, considering placebo effects
in the acupuncture study, those unavailable details could bring along unreliable
conclusions to medical practice. Hence, it is important to follow highly recognized
guidelines, which is represented by standards for reporting interventions in clinical
trials of acupuncture®l, to perform complete and transparent clinical trials in
reporting acupuncture related interventions. Additionally, most included studies
were conducted in China”-*'*’1 with one published in South Korea””, which may
contribute to a potential reporting bias. To overcome this shortcoming, multi-regional
studies are in a great demand to supply solid clinical outcomes and diverse
mechanistic techniques. Moreover, several included studies focused on the stomach to
reveal the potential mechanisms of MA, EA, and TEA in treating FD such as gastric
myoelectrical activity, gastric emptying and accommodation. However, dysfunctions
of other upper GI organs may also contribute to the onset of dyspeptic symptoms. For
example, an increase of spontaneous duodenal acid exposure has been reported in FD
patients with prominent nauseal’”’l. In the future, research involved with
multifactorial dysfunction of upper GI organs should be considered in the clinical
trials to serve a better understanding of the complexity of pathophysiology in FD.

In conclusion, this systematic review presented the results and qualities of existing
RCTs performed to investigate underlying mechanisms of MA, EA and TEA in
ameliorating FD. The findings of included studies in this review demonstrated that
acupuncture reduced dyspeptic symptoms by improving pathophysiologic
dysfunctions of FD such as enhancing gastric motility and accommodation, regulating
GI hormones and mental status, and improving central and autonomic functions and
in FD patients. However, in the view of limitations of included articles, high-quality
studies with well-planned designs and multi-regional investigations are necessary to
provide more convincing and credible evidence. For future research, mechanistic
studies on EA in FGIDs should focus on revealing the interactions between the gut
and brain to keep in pace with the latest pathophysiological understandings and
clinical consensus.

ARTICLE HIGHLIGHTS

Research background

Functional dyspepsia (FD) is one of the most common functional gastrointestinal disorders in the
clinic. Due to the multifactorial pathophysiology of this disease, however, current clinical
approaches remain unsatisfactory with limited efficacy or side effects. Acupuncture along with
electroacupuncture (EA) has been applied in treating FD with seemingly promising therapeutic
effects.

Research motivation

Numerous clinical trials were performed to investigate the effects as well as the underlying
mechanisms of acupuncture in treating FD. Still, there is a lack of a bibliometric analyses that
evaluated the results and qualities of existing clinical evidence.

Research objectives

A better understanding of therapeutic mechanisms of acupuncture will help to improve the
clinical efficacy of this treatment as well as provide new insights into the medical practice for
treating FD. Hence, the aim of this systematic review was to evaluate pathophysiological
mechanisms involved in the ameliorating effect of acupuncture/EA in patients with FD.
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Research methods

According to the methodology of evidence-based medicine, a systematic search of the literature
was performed to identify randomized controlled trials in which the mechanism researches of
acupuncture or EA were applied in FD patients.

Research results

Eight studies were included in this review with a total of 17 items of detecting techniques for
mechanistic research. Positive effects of acupuncture and EA were observed in regulating gastric
motility, gastric accommodation, mental status, gastrointestinal hormones, and central and
autonomic functions while improving dyspeptic symptoms and QOL.

Research conclusions

This is the first time that a systematic review focused on the underlying mechanisms of
acupuncture including manual acupuncture, EA, and transcutaneous electrical acustimulation
has been conducted to elaborate the current research status in the clinical trials of FD.

Research perspectives

Under the limitations of included articles, high-quality studies with well-planned designs and
multi-regional investigations are necessary to provide more convincing and credible evidence.
Also, mechanistic studies on acupuncture in FD should focus on revealing the interactions of
gut-brain axis.
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