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1. Introduction
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Objective. To evaluate the effectiveness of electroacupuncture in the treatment of simple obesity. Methods. Randomized clinical
trials concerning electroacupuncture as a treatment of simple obesity published prior to October 31, 2019, were searched in the
following Chinese and English databases: Chinese National Knowledge Infrastructure (CNKI), WanFang Database, China Science
and Technology Journal Database (VIP), Chinese Biomedical Literature Database (CBM), PubMed, Cochrane Library, Web of
Science, and Scopus. After data collection and quality evaluation, meta-analysis was performed using RevMan 5.3 software and
Stata 15.0 software. Results. A total of 13 studies involving 937 patients with simple obesity were included in the meta-analysis.
Results revealed that the total effective rate (RR=1.29, 95% CI [1.13, 1.48]; P = 0.0002), BMI (MD =-1.82, 95% CI [-2.21, —1.43];
P <0.000), waist circumference (MD =-2.39, 95% CI [-3.95, —0.84]; P = 0.003), hip circumference (MD =0.31, 95% CI [-2.37,
2.99]; P = 0.82), waist-hip ratio (MD =-0.05, 95% CI [-0.07, —0.03]; P <0.00), and body fat rate (MD =-1.56, 95% CI [-2.35,
—0.78]; P = 0.0001) in the electroacupuncture group were superior to those in the control group. Analysis of acupoint clustering
and correlation using SPSS 24.0 and Clementine 12.0 revealed the highest statistical support for acupoint groups CV12-CV4 and
CV12-ST25-CV4, while ST36-CV12-ST25, SP6, and ST40-ST24-SP15-ST37-CV4 were found to be validly clustered acupoints.
Conclusion. For treating simple obesity, electroacupuncture is superior to other interventions such as acupuncture, acupoint
catgut embedding therapy, and simple lifestyle modification for improvement in body fat rate, waist circumference, and waist-hip
ratio, although not hip circumference. Acupoint analysis revealed that ST25, CV12, CV4, SP6, and ST36 can form the basis for
electroacupuncture therapy for the treatment of simple obesity.

accumulation of body fat and, in turn, abnormal body
weight. Although the etiologies of obesity remain undefined,

Recent decades have seen soaring obesity worldwide, in no
small part due to lifestyle changes. According to the WHO,
13% of the world’s adult population (11% of men and 15% of
women) were obese in 2016, and worldwide obesity has
nearly tripled since 1975 [1, 2]. Simple obesity refers to the
absence of obvious neurological and endocrine etiologies
and is primarily due to either excessive caloric intake or
suboptimal energy consumption. This results in excess

diet, environment, poor antioxidant function, endocrine
disorders, and heredity likely play major roles in its path-
ogenesis. In addition, excess weight and obesity have been
reported to harm human health. Studies have reported that
chronic disorders of metabolism are associated with an
increased risk of cardiovascular disease, diabetes, hyper-
tension, and kidney disease [3-5]. Obesity has even been
implicated to be a cause of chronic migraines [6].
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Furthermore, obesity has been found to affect the incidence
and prognosis of various carcinomas [7-9]. Current treat-
ments of obesity mainly include behavioral therapy, drugs,
and surgery, with the latter two modalities especially pos-
sessing a large number of side effects. As one case study
reported, use of certain weight-loss pharmacotherapies may
affect control of HIV viral load [10]. Since obesity greatly
impacts people’s life and work habits and currently has
limited treatment options available, researching safe and
effective interventions with low rates of adverse reactions is
of great significance.

Acupuncture, a form of traditional Chinese medicine
(TCM), is widely accepted as an effective treatment for
simple obesity due to its lack of significant side effects and
relatively good tolerability. Electroacupuncture, a form of
acupuncture where a small electric current is passed between
pairs of acupuncture needles, is a common variant of this
therapeutic modality. Studies have shown that electro-
acupuncture combined with treadmill exercise significantly
increases expression of PGC-1a, restores healthier levels of
fatty acid oxidation, and improves skeletal muscle mito-
chondrial function, thus contributing to weight loss [11].
Animal studies have suggested that electroacupuncture can
reduce weight by decreasing the expression of IL-6 [12],
changing the expression of irisin [13], and inhibiting food
intake when electroacupuncture treatment at acupoint ST36
upregulated anorexigenic proopiomelanocortin production
in the solitary and hypoglossal nuclei [14]. Although the
aforementioned studies provided noteworthy evidence re-
garding the treatment of obesity by electroacupuncture, we
searched for randomized clinical trials (RCT) concerning
such a treatment regimen in eight databases and performed a
systematic review as well as meta-analysis in order to report
a more advanced objective validation of available data.

2. Methods

2.1. Study Selection. The included studies satisfied the fol-
lowing criteria: (1) clinical controlled trial (CCT) and RCT
studies with at least 10 cases of simple obesity treated with
electroacupuncture; (2) studies including patients diagnosed
with simple obesity; (3) studies in which treatment group
patients underwent electroacupuncture at any acupoints,
were treated with any needling technique, and were treated
for any duration, while control group patients were treated
with any other regimen; (4) studies with full text available.

Exclusion criteria were as follows: (1) conference papers,
reviews, and studies with control groups treated by elec-
troacupuncture and those with more than two study groups;
(2) studies with obvious errors or major shortcomings; (3)
studies with unavailable full text.

2.2. Search Strategy. Eight databases, including China Na-
tional Knowledge Infrastructure (CNKI), WanFang Data-
base, Chinese Science and Technology Periodical Database
(VIP), Chinese Biomedical Literature Database (CBM),
PubMed, Cochrane Library, Web of Science, and Scopus,
were searched from inception to October 31, 2019. Search
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terms were electroacupuncture, electroacupuncture therapy,
simple obesity, obesity, randomized, and randomized clin-
ical trials. An example search of PubMed is shown in Table 1.

2.3. Data Extraction. Author(s), publication year, sample
sizes, interventions, randomization methods, blinding
methods, baselines, diagnostic criteria, evaluation standards
of therapeutic effects, inclusion and exclusion criteria, fol-
low-up periods, dropout or withdrawal rates, adverse events,
and safety indices were extracted from included literature by
two individuals.

2.4. Quality Assessment. Bias risks of included studies were
assessed according to the Cochrane Handbook version 5.1.0.
Assessment included six aspects: (1) selection bias, (2)
performance bias, (3) detection bias, (4) attrition bias, (5)
selective reporting, and (6) other biases. Each aspect was
evaluated and classified into three groups: (1) low risk (bias
did not significantly affect results), (2) high risk (bias sig-
nificantly impacted result credibility), and (3) unclear risk
(the possibility of bias affecting results was suspected). Study
quality was assessed by two evaluators; any disagreement
was discussed with a third reviewer.

2.5. Statistical Analyses. RevMan 5.3 software and Stata 15.0
software were used for data analysis and publication bias
assessment by detailing forest and funnel plots. The weighed
mean difference (MD) for measured data and relative risk
(RR) for enumerated data were used to assess study het-
erogeneity. If there was low heterogeneity between trials
(P>0.10; I’<50%), a fixed effects (FE) model was used;
otherwise, a randomized effects (RE) model was applied. The
RR with a 95% confidence interval (CI) was calculated; P
values less than 0.05 were considered to be statistically
significant.

3. Results

3.1. General Literature Description. Our search strategy
resulted in a total initial extraction of 721 papers from all of
the aforementioned eight databases, of which 387 were in
Chinese (158 from CNKI; 137 from the WanFang Database;
42 from VIP, and 50 from CBM) and 334 were in English (68
from PubMed; 72 from the Cochrane Library; 54 from Web
of Science, and 140 from Scopus). After ruling out dupli-
cation and study failure to meet our inclusion criteria, 13
papers, of which 13 were in Chinese ultimately included in
our analysis (Figure 1).

3.2. Study Characteristics. Table 2 details characteristics of
included studies. Altogether, the 13 papers we ultimately
analyzed studied 937 participants, 470 of which were in an
electroacupuncture group and 467 of which were in a control
group. One paper compared the efficacy of electro-
acupuncture with that of acupoint catgut embedding [15],
five with basic treatment [17, 19, 20, 23, 24], six with regular
acupuncture [16, 18, 21, 22, 26], and one with sham
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TaBLE 1: PubMed search strategy.
Search Query Item found
Search((((electroacupuncture) OR “Electroacupuncture” [MESH]))
412 AND (((obesity) OR simple obesity) OR “obesity” [Mesh]))AND((( 68
random®) OR “Randomized Controlled Trials as Topic” [MESH]) OR
randomized controlled trial [Publication Type])
411 Search((random*) OR “Randomized Controlled Trials as Topic” 1312396
[MESH]) OR randomized controlled trial [Publication Type]
#10 Search randomized controlled trial [Publication Type] 493918
#9 Search“Randomized Controlled Trials as Topic” [MESH] 130784
#8 Search random* 1311522
#7 Search (electroacupuncture) OR “electroacupuncture” [MESH] 5153
#6 Search “electroacupuncture” [Mesh] 3756
#5 Search electroacupuncture 5153
#4 Search((obesity) OR simple obesity) OR “obesity” [Mesh] 318122
#3 Search simple obesity 5280
#2 Search “obesity” [Mesh] 203151
#1 Search obesity 318122

Quantities of studies extracted from all eight
databases: CNKI (158), WanFang (137), VIP (42),
CBM (50), PubMed (68), Cochrane library (72),
Web of Science (54), Scopus (140)
(n=721)

Study exclusion criteria:
(1) Study did not concerned with simple obesity or

electroacupuncture (1 = 268)
(2) Study evaluated more than three groups (n = 30)
(3) Study involved therapeutic regimens combining

Studies screened by titles and abstract content
(n=32)

N

Studies excluded after being deemed as duplicate reports
(n=20)

electroacupuncture with other modalities (n = 156)
(4) Studies in which the control group was treated
with electroacupuncture (n = 49)
(5) Study was a conference paper or review or
animal experiment of literature (n = 152)
(6) Full-text study was unavailable (n = 34)
(n=689)

Full-text articles excluded due to lack of a

A

N

Full-text articles assessed for ultimate inclusion
(n=13)

control group and/or lack of complete data
(n=7)

FiGure 1: Flow chart of study extraction and selection processes.

electroacupuncture [25]. In all of these studies, 33 acupoints
were used to treat simple obesity: Zhongwan (CV12), Qihai
(CV6), Tianshu (ST25), Liangmen (ST21), Daimai (GB26),
Daheng (SP15), Quchi (LI11), Zusanli (ST36), Xiajuxu
(ST39), Shangjuxu (ST37), Fenglong (ST40), Shuifen (CV9),
Guanyuan (CV4), Sanyinjiao (SP6), Shangwan (CV13),
Xiawan (CV10), Zhigou (TE6), Fuai (SP16), Fujie (SP14),
Huaroumen (ST24), Wailing (ST26), Shuidao (ST28),
Zhangmen (LR13), Yinlingquan (SP9), Binao (LI4),

Liangqiu (ST34), Gongsun (SP4), Pishu (BL20), Weishu
(BL21), Daju (ST27), Neiting (ST44), Futu (ST32), and
Yinjiao (CV7). The most frequently used 9 acupoints were
ST 25 (12 times), ST36 (10 times), CV12 (9 times), SP6 (7
times), CV4 (5 times), SP15 (5 times), ST24 (5 times), ST37
(5 times), and ST40 (5 times). Association among main
acupoints was analyzed using Clementine 12.0 software
(Table 3). Support was defined as the ratio of literature
mentioning the antecedent acupoints to that of all included
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TABLE 2: Characteristics of included studies.

N Interventions
Study ID Treatment (W) Main acupoints
E C E C
Liu [15] 31 31 EA ACE 8 CV12, CVe6, ST25, ST21, GB26, SP15, LI11, ST36, ST39, ST37, ST40
CV13, CV12, CV10, CV9, CV6, CV4, SP16, SP14, SP15, ST21, ST24,
Luetal. [16] % EA €A 4 ST25, ST26, ST28, LR13, ST36, SP9, SP6, LI11, LI4
Wang and Xiao [17] 45 45 EA BT 4 CV12, CV4, SP15, CV10, CVe6, ST25, ST24, ST26
Zhao et al. [18] 60 60 EA CA 6 ST34, SP4, ST37, ST25
Zhao et al. [19] 31 30 EA BT 7 CV12, ST25, CV4, ST36, ST40, SP9, SP6, BL20, BL21
Chen et al. [20] 40 40 EA BT 4 ST25, TE6, SP6, ST36, ST40, SP9, ST27
Cui [21] 25 25 EA CA 4 CV9, CV7, ST26, ST25, ST24
CV4, CV12, ST25, SP14, GB26, LI11, ST36, SP6, ST40, ST44, TES6,

Huang [22] 31 30 EA CA 5 ST37, ST39

. ST25, ST24, ST26 , ST32, ST36, ST37, ST39, ST44, SP6, SP15, SP14,
Zhao and Shi [23] 30 30 EA BT 8 CV12, CV10. CV4
Chen [24] 52 51 EA BT 4 CV12, CVe6, ST24, SP15, TE6, ST36, ST34, SP6
Zhang et al. [25] 15 15 EA SEA 4 ST25, SP6, CV12, ST36
Wang et al. [26] 45 45 EA CA 12 ST44, ST37, ST39, ST40, ST25, ST36, SP9, LI11
Cui [21] 30 30 EA CA 6 CV12, ST25, GB26, ST28, ST36

Notes: E, experimental group; C, control group; W, week; EA, electroacupuncture; ACE, acupoint catgut embedding; BT, basic treatment; CA, acupuncture.

TaBLE 3: Association among main acupoints selected for the treatment of simple obesity by electroacupuncture.

Consequent Antecedent Support (%) Confidence (%)
CV12 CV4 40 100
CV12 ST25 and CV4 40 100
CVe6 SP15 33.33 80
CVeé6 CV12 and SP15 33.33 80
ST26 ST24 26.67 100
ST26 ST25 and ST24 26.67 100
ST24 ST26 26.67 100
ST24 ST25 and ST26 26.67 100
SP15 CVe6 26.67 100
SP15 CV12 and CVé6 26.67 100
ST26 ST25 and SP15 26.67 75
ST26 CV12 and ST25 and SP15 26.67 75
ST24 ST25 and SP15 26.67 75
ST24 CV12 and ST25 and SP15 26.67 75
CVe ST25 and SP15 26.67 75
CVe6 CV12 and ST25 and SP15 26.67 75
ST26 CV4 and ST24 20 100
ST26 SP15 and ST24 20 100
ST26 SP15 and CV4 20 100
ST26 ST25 and CV4 and ST24 20 100
ST26 ST25 and SP15 and ST24 20 100
ST26 ST25 and SP15 and CV4 20 100
ST26 CV12 and ST24 20 100
ST26 CV12 and CV4 and ST24 20 100
ST26 CV12 and SP15 and ST24 20 100
ST26 CV12 and SP15 and CV4 20 100
ST26 CV12 and ST25 and ST24 20 100
ST24 CV4 and ST26 20 100
ST24 SP15 and ST26 20 100
ST24 SP15 and CV4 20 100
ST24 ST25 and CV4 and ST26 20 100
ST24 ST25 and SP15 and ST26 20 100
ST24 ST25 and SP15 and CV4 20 100
ST24 CV12 and ST26 20 100

ST24 CV12 and CV4 and ST26 20 100
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TaBLE 3: Continued.

Consequent Antecedent Support (%) Confidence (%)
ST24 CV12 and SP15 and ST26 20 100
ST24 CV12 and SP15 and CV4 20 100
ST24 CV12 and ST25 and ST26 20 100
CV4 SP15 and ST26 20 100
CV4 SP15 and ST24 20 100
Cv4 ST25 and SP15 and ST26 20 100
CV4 ST25 and SP15 and ST24 20 100
CV4 CV12 and ST26 20 100
CV4 CV12 and ST24 20 100
CV4 CV12 and SP15 and ST26 20 100
CV4 CV12 and SP15 and ST24 20 100
CV4 CV12 and ST25 and ST26 20 100
CV4 CV12 and ST25 and ST24 20 100
Case
9: ST25 8: CV12 7:ST36 6: SP6 5:CV4 2:ST37 4: ST24 3: ST40 1: SP15

Number of clusters

FiGure 2: Icicle plot of main acupoints selected for electroacupuncture treatment of simple obesity.

papers. The first line of Table 3, for example, states that 40%
of the 13 papers mentioned CV4 as a treatment acupoint.
Confidence was defined as the accuracy and credibility of
any given association; there thus was a 100% probability of
papers mentioning CV12 as a treatment acupoint also
mentioning CV4 as one. Greater confidence and support
values revealed stronger association among acupoints. As

seen in Table 3, acupoint groups with the highest support of
40% were CV12-CV4 and CV12-ST25-CV4. SPSS 21.0
software was used to analyze the clustering of acupoints
selected to treat simple obesity by electroacupuncture at least
five times. The icicle plot of Figure 2 details that there were
three effective clusters. They were ST36-CV12-ST25, SP6,
and ST40-ST24-SP15-ST37-CV4. The dendrogram of
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Dendrogram using average linkage (between groups)
Rescaled distance cluster combine
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FIGURE 3: Dendrogram of main acupoints selected for electroacupuncture treatment of simple obesity.

Figure 3 details the grading of the most commonly used
acupoints into two groups: I, ST36-CV12-ST25, and II,
ST40-ST24-SP15-ST37-CV4.

3.3. Quality of Included Studies. All 13 studies ultimately
included in our analysis were of RCT and CCT design.
Among them, six studies [15-17, 22, 25, 26] were determined
to be at low risk for bias with use of a random number table;
one study [23] with an odd/even random number and
another [21] with the sequence of seeing doctors were de-
termined to be at high risk for bias. Five studies [18-21, 24]
that did not describe randomization methods were deter-
mined to be at unclear risk for bias. Only one study [25]
describing allocation concealment was determined to be at
low risk for bias while the remaining 12 not describing
allocation concealment were considered to be at unclear risk.
Two studies [22, 25] that reported blinding of both par-
ticipants and personnel were determined to be at low risk for
bias; the remaining studies not mentioning blinding
methods were considered to be at unclear risk. Only one
study [25] reported blinding of personnel to outcomes and
was determined to be at low risk for bias; the remaining
studies not mentioning such measures were considered to be
at unclear risk. Three articles [21, 23, 25] that described
dropout and loss to follow-up rates, as well as causes for
these phenomena, and two [15, 17] not reporting such

conditions were determined to be at low risk for bias. The
remaining eight studies [16, 18-22, 24, 26] that did not
describe outcome data in detail were considered to be at
unclear risk. Although all fourteen studies described results,
as primary statistical materials were not available, all 13 trials
were determined to be at unclear risk for bias. The baseline
between electroacupuncture and control groups in all trials
was considered to be at low risk (Figure 4).

3.4. Outcome Meta-Analysis

3.4.1. Overall Response Rate

(1) Tests for Heterogeneity. Nine studies [15, 17, 18, 20-24]
mentioned response rates in their outcomes; meta-analysis
revealed a high heterogeneity (P = 0.001; I’ =69%). Thus,
the random-effects model was used. As shown in Figure 5,
electroacupuncture significantly differed from other inter-
ventions among control group patients, according to re-
sponse rate (RR) analysis (pooled RR=1.29, 95% CI [1.13,
1.48]; P = 0.0002). The reconfirmation of heterogeneity on
the basis of Galbraith may be caused by a study (Figure 6).

(2) Sensitivity Analysis. Sensitivity analysis was performed to
identify the source of high heterogeneity. As shown in
Figure 5, data from a prior study conducted by Chen et al.
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Allocation concealment (selection bias) -
Blinding of participants and personnel (performance bias) -
Blinding of outcome assessment (detection bias) -

Incomplete outcome data (attrition bias) _

Selective reporting (reporting bias) |
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r T 1
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. Low risk of bias
|:| Unclear risk of bias
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Blinding of participants and personnel (performance bias)

Random sequence generation (selection bias)
Allocation concealment (selection bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)
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FIGURE 4: Risk of bias among included studies: determinations of review authors regarding risk of each bias item for each included study.
“+,” low risk; “?,” unclear risk; “—,” high risk.
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Study or subgroup Experimental Control Weight Risk ratio Risk ratio
Events  Total Events Total (%) M-H, random, 95% CI M-H, random, 95% CI

Chen, 2012 35 40 12 40 5.4 2.92[1.79, 4.75]

Chen, 2013 48 52 35 51 12.7 1.35[1.10, 1.65] —_—

Cui, 2007 19 25 16 25 7.7 1.19 [0.82, 1.71] ———

Cui, 2011 28 30 23 30 12.1 1.22[0.98, 1.52] e

Huang, 2009 28 31 23 30 11.8 1.18 [0.94, 1.48] e

Liu, 2019 29 31 28 31 14.6 1.04 [0.89, 1.20] —

Wang, 2014 38 45 28 45 10.7 1.36 [1.05, 1.76] —_—

Zhao, 2008 58 60 48 60 15.1 1.21 [1.06, 1.38] —a—

Zhao, 2010 28 30 19 30 9.8 1.47 [1.10, 1.97] —_—

Total (95% CI) 344 342 100.0 1.29[1.13, 1.48] ’

Total events 311 232

Heterogeneity: tau” = 0.03; chi® = 25.74, df = 8 (P = 0.001); I* = 69%
Test for overall effect: Z = 3.70 (P = 0.0002)

0.5 0.7 1 1.5 2
Favours [experimental] Favours [control]

FIGURE 5: Meta-analysis of the overall response rate for the treatment of simple obesity with electroacupuncture.

[20] revealed negligible overlapping of confidence intervals
with data from another eight studies, suggesting data het-
erogeneity. As shown in Figure 6, one study’s data was
distributed outside the 95% confidence interval, likewise
suggesting data heterogeneity. After excluding the study by
Chen et al., heterogeneity decreased (P = 0.026; I* = 21%), as
shown in Figure 7. In the detailed review of Chen et al.’s
study in its entirety, we found that the data heterogeneity
was primarily influenced by variation in studied parameters
and differing intervention measures. Differences in studied
parameters included varying subject inclusion and exclusion
criteria or the differences caused by study sizes; disparities in
intervention measures included data discrepancies caused by
variations in patient compliance.

(3) Publication Bias. Funnel plot (Figure 8) and Egger’s test
(Table 4) show that (P =0.107 >0.05) there was no publi-
cation bias in the studies.

3.4.2. Reduction of BMI. Nine trials [15-17, 21-23, 25, 26]
mentioned BMI in their outcomes and meta-analysis
revealed high heterogeneity among trials (P <0.000;
IP=80%). As illustrated in Figure 9, electroacupuncture was
more effective than other interventions among control
group patients in reducing BMI (pooled MD = —-1.82,95% CI
[-2.21, —1.43]; P <0.000). Due to high heterogeneity, sub-
group analysis was conducted in terms of intervention
(Figure 10) and treatment course (Figure 11). Heterogeneity
was found to remain unaltered, although no source for it was
identified.

3.4.3. Reduction of Waist and Hip Circumference. Waist
circumference (WC) was mentioned in the outcomes of six
studies [15, 16, 21-23] and low heterogeneity was revealed in
subsequent meta-analysis (P =0.13; P=41%). Results
revealed that electroacupuncture was superior to other in-
terventions among control group patients in the reduction of
waist circumference, as shown in Figure 12 (pooled
MD =-2.39,95% CI [-3.95, —0.84]; P = 0.003). Four studies
[15, 21, 22] reported hip circumference (HC) in their results;

subsequent meta-analysis revealed high heterogeneity
among trials (P = 0.05; I’ = 62%) and no significant differ-
ences between electroacupuncture and control groups in the
reduction of HC (pooled MD =0.31, 95% CI [-2.37, 2.99];
P =0.82), as shown in Figure 13.

3.4.4. Reduction of Waist-Hip Ratio. Only two trials [19, 25]
mentioned the waist-hip ratio (WHR) in their results;
subsequent meta-analysis revealed low heterogeneity
(P =0.74; P=0%). As illustrated in Figure 14, WHR re-
duction was more effective among electroacupuncture group
patients when compared to control subjects (pooled
MD =-0.05, 95% CI [-0.07, —0.03]; P <0.00).

3.4.5. Improvement of TCM Syndrome Score. Statistical
analysis of four articles [15, 21, 22] reporting TCM syndrome
scores revealed high heterogeneity (P = 0.007; I* = 75%) and
a significant difference among electroacupuncture and
control group patients in the improvement of TCM syn-
drome scores (pooled MD =-2.38, 95% CI [-3.96, —0.81];
P =0.003). As illustrated in Figure 15, electroacupuncture
was more effective than other interventions in control group
patients.

3.4.6. Body Fat Rate Reduction (BF%). Seven studies
[15, 17, 21, 22, 25, 26] reported body fat rate in their out-
comes. Statistical analysis revealed high heterogeneity
(P=0.80; I’=0%). As shown in Figure 16, electro-
acupuncture group patients were found to have had greater
obesity index reduction when compared to control group
subjects (pooled MD=-1.56, 95% CI [-2.35, —-0.78];
P =0.0001).

4. Discussion

Obesity, one of the most serious conditions harming public
health over the world, is the main etiology of type 2 diabetes
mellitus and cardiovascular disease [27]. Unfortunately, to
date, no safe and effective pharmacotherapy has been found
to treat obesity [28]. Therefore, study of novel and alternative
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FIGURE 6: Meta-analysis on Galbraith of overall response rate in electroacupuncture treating simple obesity.

Study or suberou Experimental Control Weight Risk ratio Risk ratio
Y group Events Total Events Total (%) M-H, random, 95% CI M-H, random, 95% CI

Chen, 2012 35 40 12 40 0.0 2.92[1.79, 4.75]

Chen, 2013 48 52 35 51 13.2 1.35[1.10, 1.65] .

Cui, 2007 19 25 16 25 4.7 1.19 [0.82, 1.71] ————

Cui, 2011 28 30 23 30 11.5 1.22[0.98, 1.52] ——

Huang, 2009 28 31 23 30 10.8 1.18 [0.94, 1.48] ————

Liu, 2019 29 31 28 31 20.7 1.04 [0.89, 1.20] ——

Wang, 2014 38 45 28 45 8.7 1.36 [1.05, 1.76] ———

Zhao, 2008 58 60 48 60 233 1.21 [1.06, 1.38] —a—

Zhao, 2010 28 30 19 30 7.2 1.47 [1.10, 1.97] _—

Total (95% CI) 304 302 100.0 1.21[1.12,1.32] ‘

Total events 276 220

Heterogeneity: tau® = 0.00; chi® = 8.83, df = 7 (P = 0.26); I> = 21%
Test for overall effect: Z = 4.58 (P < 0.00001)
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Favours [control]
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FIGURE 7: Meta-analysis concerning the sensitivity of the overall response rate for the treatment of simple obesity with electroacupuncture.

therapeutic modalities is of great importance. Acupuncture,
a form of TCM, has been previously reported effective in
treating obesity [29-32]. Furthermore, recent years have
witnessed an increasing number of clinical studies con-
cerning the treatment of obesity using electroacupuncture
[33-35]. Electroacupuncture was found to promote fat
metabolism via sympathetic nervous system activation, thus
decreasing appetite [36]. To confirm the effectiveness of this
therapy as a treatment of simple obesity and help establish a
foundation for clinical guideline formation, we conducted
this systematic review and meta-analysis evaluating pub-
lished RCT and CCT data available in major scientific article
databases.

Thirteen trials were included in analysis after rigorous
screening. Meta-analysis was employed to analyze response
rates reported in nine trials, BMI in nine, WC in six, HC in

four trials, WHR in two, TCM syndrome scores in four, and
body fat rate in seven. The results revealed electroacupuncture
to be more effective than other therapies in improving the
TCM syndrome score (P = 0.003) and overall response rate
(P =0.0002) as well as reducing BMI (P <0.000), WC
(P =0.003), WHR (P<0.00), and the body fat rate
(P =0.0001). However, no superiority of electroacupuncture
in the reduction of HC was noted (P = 0.82). Overall response
rate analysis revealed high heterogeneity (P =0.001;
> =69%). Detailed, individual analysis of nine trials revealed
that high heterogeneity was likely due to a study by Chen et al.
[20]; heterogeneity decreased (P = 0.26; PP=21%) after ex-
clusion of this study. In addition, there was high heterogeneity
(P <0.000; I” = 89%) among trials in regard to BMI reduction.
To identify the cause of this phenomenon, subgroup analysis
was performed, revealing no source for the heterogeneity and
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FIGURE 8: Meta-analysis on Funnel plot of overall response rate in electroacupuncture treating simple obesity.
TaBLE 4: Egger’s test.
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FIGURE 9: Meta-analysis concerning BMI reduction in

that it remained unchanged in terms of intervention
(P<0.000; I*= 87%) and treatment course (P = 0.0001;
*=78%). Overall analysis of 13 studies revealed electro-
acupuncture to be more effective than acupuncture, acupoint
catgut embedding, and basic treatment in the therapeutic
management of simple obesity.

We also studied the association among main acupoints
selected for treatment. Acupoint groups with the highest
statistical support were found to be CV12-CV4 and CV12-
ST25-CV4, followed by CV6-SP15, CV6-CV12-SP15, ST26-

the treatment of simple obesity with electroacupuncture.

ST24, ST26-ST25-ST24, ST24-ST26, ST24-ST25-ST26,
SP15-CVe6, SP15-CV12-CVe6, ST26-ST25-SP15, ST26-
CV12-ST25-SP15, ST24-ST25-SP15, ST24-CV12-ST25-
SP15, CV6-ST25-SP15, and CV6-CV12-ST25-SP15. Clus-
tering analysis revealed three effective clusters; namely,
ST36-CV12-ST25, SP6, and ST40-ST24-SP15-ST37-CV4.
Our findings also suggested that ST25-CV12-CV4-SP6-ST36
serves as the primary acupoint group for effective electro-
acupuncture treatment of obesity, with ST24, ST26, ST37,
SP15, and ST40 serving as supplementary acupoints capable
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FiGure 10: Comparison of BMI reduction via intervention subgroup

analysis in the treatment of simple obesity with electroacupuncture.
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Figure 11: Comparison of BMI reduction via treatment course subgroup analysis in the treatment of simple obesity with

electroacupuncture.
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FIGURE 12: Meta-analysis of waist circumference reduction in the treatment of simple obesity with electroacupuncture.
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Study or suberot Experimental Control Weight ~ Mean difference Mean difference
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FIGURE 13: Meta-analysis of hip circumference reduction in the treatment of simple obesity with electroacupuncture.
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FIGURE 14: Meta-analysis of waist-hip ratio reduction in the treatment of simple obesity with electroacupuncture.
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FIGURE 15: Meta-analysis of TCM syndrome score improvement

in the treatment of simple obesity with electroacupuncture.
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FIGURE 16: Meta-analysis of body fat rate reduction in the treatment of simple obesity with electroacupuncture.

of treating different TCM syndromes associated with simple

obesity.

This study did not lack shortcomings with the potential
to limit our above conclusions. As all included trials were
written in Chinese and no articles in other languages were

initially searched for, the possibility of publication bias must
be considered. All RCT data containing negative results were
excluded; this could have potentially caused overestimation
of response rates and given rise to result bias. Only one
included study employed allocation concealment and two
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employed blinding, implying that the majority of studies we
evaluated were low in quality. Inclusion of low-quality data
compiled using nonstandardized diagnostic and evaluation
criteria may have likewise led to publication bias. When high
heterogeneity was detected, sensitivity and subgroup ana-
lyses were successful in only partially revealing sources of
heterogeneity.

Rigorous study design including characteristics such as
allocation concealment, adequate blinding, employment of
randomization, and consideration of adverse effects, as well
as detailed discussion of negative results, should be en-
couraged in future electroacupuncture research. More de-
tailed information regarding electroacupuncture therapy,
such as needling sites, insertion depths, needle types, and
acupoints selected are likewise of great importance in the
future establishment of clinical electroacupuncture therapy
guidelines.

5. Conclusion

In the treatment of simple obesity, electroacupuncture is
superior to acupuncture, acupoint catgut embedding, and
basic treatment in improving the body fat rate, BMI, WC,
WHR, and TCM syndrome scores, but not HC. Acupoint
analysis revealed ST25, CV12, CV4, SP6, and ST36 to be
most effective in the treatment of obesity with
electroacupuncture.

Conflicts of Interest

The authors declare that there are no conflicts of interest.

Authors’ Contributions

Yanling Gao and Yi Wang contributed equally to the design
and conception of the study. The manuscript was drafted by
Yanling Gao and Jing Zhou and reviewed by Yin Shi. The
search strategy was improved by all authors and performed
by Yi Wang and Zhihai Hu, who also independently
screened the potential studies. Jing Zhou and Yi Wang
extracted data from the included studies, and Yanling Gao
assessed the risk of bias and finished data synthesis. Zhihai
Hu arbitrated any discrepancies and ensured that no errors
occur during the study. Besides, all authors have read and
approved the final version of the manuscript.

Acknowledgments

This work was supported by the Project of Shanghai Mu-
nicipal Commission of Health and Family (no. 201840307),
Research Project of Science and Technology Commission
Shanghai Municipality (no. 19401935500), and Shanghai
Natural Science Foundation (no. 19ZR1451700).

References

[1] E.Bomberg, L. Birch, N. Endenburg et al., “The financial costs,
behaviour and psychology of obesity: a one health analysis,”
Journal of Comparative Pathology, vol. 156, no. 4, pp. 310-325,
2017.

13

[2] World Health Organization, Obesity and Overweight, World
Health Organization, Geneva, Switzerland, 2018, https://
www.who.int/zh/news-room/fact-sheets/detail/obesity-and-
overweight.

A. Januszek-Trzcigkowska, E. Malecka-Tendera, K. Klimek

et al., “Obesity risk factors in a representative group of Polish

prepubertal children,” Archives of Medical Sciences, vol. 10,

no. 5, pp. 880-885, 2014.

[4] L. Fu, M. Zhang, Y.-Q. Hu et al., “Gene-gene interactions and
associations of six hypertension related single nucleotide
polymorphisms with obesity risk in a Chinese children
population,” Gene, vol. 679, pp. 320-327, 2018.

[5] A. Ornelas-Loredo, S. Kany, V. Abraham et al., “Association
between obesity-mediated atrial fibrillation and therapy with
sodium channel blocker antiarrhythmic drugs,” JAMA Car-
diology, vol. 5, no. 1, pp. 57-64, 2019.

[6] L. W. Bowers, M. Wiese, A. J. Brenner et al., “Obesity sup-
presses estrogen receptor beta expression in breast cancer cells
via a HER2-mediated pathway,” PLoS One, vol. 10, no. 12,
Article ID 0145452, 2015.

[7] E. Ersoy, O. Evliyaoglu, O. Erol, A. O. Ersoy, M. A. Akgiil, and
A. Haberal, “Effects of the morbid obesity and skin incision
choices on surgical outcomes in patients undergoing total
abdominal hysterectomy,” Journal of Turkish Society of Ob-
stetric and Gynecology, vol. 13, no. 4, pp. 189-195, 2016.

[8] V. DeClercq, D. N. McMurray, and R. S. Chapkin, “Obesity
promotes colonic stem cell expansion during cancer initia-
tion,” Cancer Letters, vol. 369, no. 2, pp. 336-343, 2015.

[9] C. Di Lorenzo and G. Coppola, “Obesity, diet and nutra-
ceuticals,” The Journal of Headache and Pain, vol. 16, no. 1,
p. A28, 2015.

[10] R.J. Cope, B. S. Fischetti, R. K. Kavanagh, T. M. Lepa, and
M. A. Sorbera, “Safety and efficacy of weight-loss pharma-
cotherapy in persons living with HIV: a review of the liter-
ature and potential drug-drug interactions with antiretroviral
therapy,” Pharmacotherapy: The Journal of Human Phar-
macology and Drug Therapy, vol. 39, no. 12, pp. 1204-1215,
2019.

[11] Y. J. Zhang, J. Li, W. Huang et al., “Effect of electro-
acupuncture combined with treadmill exercise on body
weight and expression of PGC-1lalpha Irisin and AMPK in
skeletal muscle of diet-induced obesity rats,” Zhen Ci Yan Jiu,
vol. 44, no. 7, pp. 476-480, 2019.

[12] X. Zhou, B. Xing, G. He, X. Lyu, and Y. Zeng, “The effects of
electrical acupuncture and essential amino acid supplemen-
tation on sarcopenic obesity in male older adults: a ran-
domized control study,” Obesity Facts, vol. 11, no. 4,
pp. 327-334, 2018.

[13] Z. Ercan, G. Deniz, F. Caf, S. Algul, A. Gazioglu, and
A. Kavakli, “The beneficial effect of electro acupuncture on
obesity may be associated with irisin, nesfatin-1 and preptin
levels,” Acupuncture & Electro-Therapeutics Research, vol. 44,
no. 2, pp. 105-118, 2019.

[14] B.TJi, J. Hu, and S. Ma, “Effects of electroacupuncture Zusanli
(ST36) on food intake and expression of POMC and TRPV1
through afferents-medulla pathway in obese prone rats,”
Peptides, vol. 40, pp. 188-194, 2013.

[15] Y. Liu, Clinical Study on Electro Acupuncture Therapy and
Acupoint Embedding Therapy in the Treatment of Patients with
Simple Obesity of Gastric Heat and Dampness, Nanjing
University of Chinese Medicine, Nanjing, China, 2019.

[16] Y. H. Lu, J. Feng, K. J. Wang et al., “Observation on the
therapeutic effect of electroacupuncture on abdominal me-
ridians in the treatment of simple obesity,” Chinese Journal of

[3


https://www.who.int/zh/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/zh/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/zh/news-room/fact-sheets/detail/obesity-and-overweight

14

(17]

(18]

(19]

[20]

(21]

[22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

Information on Traditional Chinese Medicine, vol. 19, no. 1,
pp. 69-70, 2012.

W.J. Wang and Y. P. Xiao, “A clinical observation on treating
simple obesity by electro-acupuncture,” Chinese Journal of
Primary Medicine and Pharmacy, vol. 21, 12,
pp. 1878-1879, 2014.

X. C. Zhao, H. X. Hou, and C. Mei, “Clinical observation of 60
cases of simple obesity treated by music electroacupuncture,”
Information on Traditional Chinese Medicine, vol. 25, no. 2,
pp. 51-52, 2008.

G. Y. Zhao, H. J. Xing, M. Li et al., “Observation of electro
-acupuncture combined with diet and aerobic exercise on
waist-hip ratio and serum leptin in patients with simple
obesity,” Hebei Traditional Chinese Medicine, vol. 33, no. 10,
pp. 1520-1522, 2011.

Y. Chen, J. Zhou, and B. Tang, “Effects of electroacupuncture
on therapeutic effect and serum Chemerin in patients with
simple obesity,” Jiangsu Journal of Traditional Chinese
Medicine, vol. 44, no. 4, pp. 50-52, 2012.

J. S. Cui, A Clinical Observation on Treating Simple Obesity by
Electro-Acupuncture, Nanjing University of Chinese Medi-
cine, Nanjing, China, 2007.

X. Y. Huang, Electroacupuncture in Treatment of Simple
Obesity Complicated with Excess Heat Syndrome of Stomach
and Intestine and FMRI imaging Analysis of Hypothalamus
Feeding Center, Nanjing university of Chinese medicine,
Nanjing, China, 2009.

L. Q. Zhao and Y. Shi, “Electroacupuncture combined with
diets and exercises in treatment of simple obesity complicated
with excess heat syndrom e of stomach and intestine,” Journal
of Anhui Traditional Chinese Medi Cal College, vol. 29, no. 4,
pp. 33-37, 2010.

Y. Y. Chen, “Electroacupuncture combined with dietsin
treatment of 52 cases of simple obesity,” Hunan Journal of
Traditional Chinese Medicine, vol. 29, no. 2, pp. 76-77, 2013.
L. Zhang, X. L. Zhou, H. M. Zhang et al.,, “A clinical ob-
servation on treating simple obesity by electro-acupuncture,”
Journal of Sichuan of Traditional Chinese Medicine, vol. 30,
no. 11, pp. 134-135, 2012.

Y.-l. Wang, X. Cao, Z.-c. Liu, and B. Xu, “Observation on the
therapeutic effect of electroacupuncture on simple obesity of
gastrointestinal heat pattern/syndrome,” World Journal of
Acupuncture-Moxibustion, vol. 23, no. 2, pp. 1-5, 2013.

M. Stosio, A. Witkowicz, A. Kowalska, and L Karabon,
“Genetic background of aberrant thermogenin expression
(UCP1) in obesity leading to metabolic syndrome,” Postepy
Higieny 1 Medycyny Doswiadczalnej (Online), vol. 70,
pp. 1389-1403, 2016.

Y. Pan, J. Liu, and F. Qi, “Identification of key candidate genes
and molecular pathways in white fat browning: an anti-
obesity drug discovery basedon computational biology,” Hum
Genomics, vol. 13, no. 1, p. 55, 2019.

J. Wang, Y. Li, X. Zhang et al., “Ninety cases of simple obesity
treated with the combined therapy of penetration needling,
flash-fire cupping method and auricular acupuncture,” World
Journal of Acupuncture - Moxibustion, vol. 28, no. 4,
pp. 287-290, 2018.

J. Sheng, X. Jin, J. Zhu et al., “The effectiveness of acupoint
catgut embedding therapy for abdominal obesity: a systematic
review and meta-analysis,” Evidence-based complementary
and alternative medicine, vol. 2019, Article ID 9714313,
12 pages, 2019.

no.

Evidence-Based Complementary and Alternative Medicine

(31]

(32]

(33]

(34]

(35

(36]

H. S. Cha and H. Park, “Effects of auricular acupressure on
obesity in adolescents,” Complementary Therapies in Clinical
Practice, vol. 35, pp. 316-322, 2019.

L. Xu, C. Ding, J. Chen et al,, “Efficacy difference between
warming acupuncture and other acupuncture methods for
primary obesity: a meta-analysis,” Chinese Acupuncture &
Moxibustion, vol. 38, no. 9, pp. 1019-1026, 2018.

L. H. Wang, W. Huang, J. Li et al., “Effect of electro acu-
puncture on the expression of PGC-1 alpha and UCP-1 in the
brown adipose tissue of o beserats,” World Journal of Acu-
puncture-Moxibustion, vol. 28, no. 2, pp. 97-102, 2018.

X. Liu, J.-F. He, Y.-T. Qu et al.,, “Electroacupuncture improves
insulin resistance by reducing neuroprotein Y/Agouti-Related
protein levels and inhibiting expression of protein tyrosine
phosphatase 1B in diet-induced obese rats,” Journal of Acu-
puncture and Meridian Studies, vol. 9, no. 2, pp. 58-64, 2016.
A. Firouzjaei, G. C. Li, N. Wang et al., “Comparative eval-
uation of the therapeutic effect of metformin monotherapy
with metformin and acupuncture combined therapy on
weight loss and insulin sensitivity in diabetic patients,” Nu-
trition & Diabetes, vol. 6, no. 5, p. €209, 2016.

S. F. Lu, Y. X. Tang, T. Zhang et al.,, “Electroacupuncture
reduces body weight by regulating fat browning-related
proteins of adipose tissue in HFD-induced obese mice,” Front
Psychiatry, vol. 10, p. 353, 2019.



