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Obesity is a worldwide public health problem. Currently, increasing evidence suggests acupuncture and related therapies are
effective for obesity. This network meta-analysis (NMA) was performed to compare the effectiveness of different acupuncture and
related therapies. We searched potential randomized controlled trials (RCTs) in three international databases. Thirty-four trials
involving 2283 participants were included. Pairwise meta-analysis showed that acupuncture and related therapies were superior to
lifestyle modification and placebo in reducing weight and body mass index (BMI). Based on decreases in body weight, results
from NMA showed that acupoint catgut embedding (standard mean difference [SMD]: 1.26; 95% credible interval [95% CI],
0.46-2.06), acupuncture (SMD: 2.72; 95% Crl, 0.06-5.29), and combination of acupuncture and related theories (SMD: 3.65; 95%
Crl, 0.96-6.94) were more effective than placebo. Another NMA result indicated that acupoint catgut embedding (SMD: 0.63;
95% CI, 0.25-1.11), acupuncture (SMD: 1.28; 95% CrI, 0.43-2.06), combination of acupuncture and related therapies (SMD: 1.44;
95% Crl, 0.64-2.38), and electroacupuncture (SMD: 0.60; 95% Crl, 0.03-1.22) were superior to lifestyle modification in decreasing
BMI. Combination of acupuncture and related therapies was ranked the optimal method for both reducing weight and BMI. Further
studies will clarify which combination of acupuncture and related therapies is better.

1. Introduction mellitus, cardiovascular disease, and cancer, which increased
individuals and societies’ medical burden [5].

Obesity, a worldwide public health problem, is described as Lifestyle modification, pharmacotherapy, and bariatric

an adiposity-based chronic disease [1]. Currently, guidelines
recommended using body mass index (BMI) to classify
individuals as having obesity (BMI >30 kg/mz) [2]. Based on
the survey conducted previously, the standardized prevalence
rates for obesity in adult were 34.9% in United States and
17.7% in China [3, 4]. Moreover, it is associated with other
health concerns, such as insulin resistance, type 2 diabetes

surgery are considered the mainstay of therapy for obesity
[2]. Although diet and exercise play an essential role in the
weight management, their precise mode of action remains
controversial [6]. Five long-term medicines (naltrexone-
bupropion, phentermine-topiramate orlistat, lorcaserin, and
liraglutide) have been approved by US Food and Drug
Administration (FDA) for the treatment of obesity [7]. The
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latest research suggested that phentermine-topiramate was
associated with the highest possibility of achieving at least 5%
weight loss [7]. However, little is known about the long-term
safety profile of pharmacotherapy for weight loss. The effec-
tiveness of bariatric procedures for treating obesity has been
reported in several randomized controlled trials (RCTs) [8-
10]. Nevertheless, the evidence on cardiovascular disease and
mortality remains to be validated [11]. Therefore, it is neces-
sary to explore other forms of alternative therapies which are
both safe and effective in preventing gaining weight.

In reviewing the literature, it became evident that acu-
puncture and related therapies have been wildly used for obe-
sity treatment. As mentioned in the meta-analysis, combina-
tion of acupuncture and lifestyle modification is more effec-
tive compared with lifestyle modification alone [12]. Results
of Yel'’s research suggested that ear acupoint stimulation had
remarkable improvements in the anthropometric parameters
of Body Weight (BW), BMI, and so on [13]. In addition,
another systematic review performed in 2015 has also shown
that clinical efficacy of acupoint catgut embedding therapy
was better than that of the control group for simple obesity
[14]. However, a major problem is that whether acupuncture
or acupuncture-related therapies alone or combined therapy
is more effective than lifestyle modification management
remains disputable.

By using the technique of network meta-analysis (NMA),
both direct and indirect randomized data can be analyzed,
and recommended rankings of different treatments can be
provided [15, 16]. Therefore, we conducted this Bayesian net-
work meta-analysis to analyse both direct and indirect com-
parisons of acupuncture and related methods for treating
obesity. In this paper, changes in BW, BMI, and the rates of
complications of included studies were analyzed.

2. Methods

Our research was conducted following the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses for Net-
work Meta-Analysis (PRISMA-NMA) checklist [17] (see
Appendix 1).

2.1. Data Sources and Search Strategy. Three electronic inter-
national databases (PubMed/Medline, Embase, and the Co-
chrane Library) were searched for potential RCTs (random-
ized controlled trials). We identified articles published from
initiation to December 2017 with a limit to studies of RCT
and without limitations on language or the form they are

Xchange = Xpost—treatment - Xbuseline
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published in. The complete search strategies are shown in
Appendix 2.

2.2. Study Selection. Two researchers (XC and HL) inde-
pendently identified irrelevant research based on titles and
abstracts. Additionally, full-text articles were scanned by
these two researchers to identify eligible studies. All disagree-
ments were resolved by consensus and adjudged by a third
reviewer (TC) if necessary. In case of duplicate citations, the
most updated studies were selected for data extraction.

2.3. Inclusion and Exclusion Criteria. The studies included in
the NMA met the following criteria: (1) the study design must
be a randomized controlled clinical trial (RCT); (2) patients
diagnosed with simple obesity irrespective of ages and sex as
study subjects; diagnostic criteria must be clear and inclusion
and exclusion criteria were explicit; (3) at least one of the
following efficacy outcomes or safety endpoints was included:
BW, BMI, and adverse events; (4) participants in the experi-
mental group have received acupuncture and related treat-
ments (specifically, classical body acupuncture; electroacu-
puncture auricular acupoint stimulation; acupoint catgut
embedding and warming acupuncture) alone or in combina-
tion; (5) English or Chinese language studies.

The following were excluded: (1) self-control and non-
RCTs; (2) preclinical studies, systematic reviews, case reports,
and meta-analyses; (3) reports without sufficient and clear
original data; (4) participants having received other forms of
acupuncture such as transcutaneous electrical nerve stimu-
lation or laser acupuncture; (5) duplicate studies and studies
reporting the same results.

2.4. Data Collection and Quality Assessment. According to
a standard data collection sheet, two investigators (TC and
XZ) independently extracted the following data: (1) main
characteristics of included randomized controlled trials (i.e.,
year of publication, type of intervention, patients charac-
teristics, types of outcome, and reported adverse events);
(2) details of acupuncture and related interventions (i.e.,
frequency and duration of acupuncture sessions, names of
acupuncture points used, and retention time); (3) clinical out-
come (i.e., summaries of mean, standard difference, and
sample size between treatment groups). In some trials, the
change between baseline and after treatment was failed to pre-
sent. Using the methods recommended in the Cochrane
Handbook for Systematic Reviews of Interventions (version
5.1) [18], the missing data was estimated using the following
formula:

@

2 2
SDchunge = \j(SDbuseline) + (SDpost—treatment) —2XrXx SDbuseline x SDpost—treatment (2)

where r is a correlation coefficient with a value of 0.5
[19]. For each included RCT, two researches (XT and XC)

independently assessed their risk of bias by the Cochrane
Collaboration tool [20]. Bias risks of each study were assessed
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from six aspects: random sequence generation, allocation
concealment, blinding of participants and investigators,
blinding of outcome assessment, incomplete outcome data
addressed, and selective outcome reporting, while ranked in
high risk, low risk, and unclear risk.

2.5. Statistical Analysis. Firstly, standard pairwise meta-anal-
ysis was initially performed using the Review Manager
(Version 5.3, Cochrane Collaboration, Oxford, UK). We
calculated I-square (I?) test to assess heterogeneity among
RCTs [21]. To be specific, when there was ? > 50%, they were
analysed using a random effects model; otherwise, a fixed
effect model was chosen. Subgroup analyses were conducted
according to the type of acupuncture treatment and the treat-
ment of control group. Mean difference (MD) with 95% con-
fidence intervals (CI) was used to analyze continuous data.
We generated forest plots to illustrate the relative strength
of curative effects.

Second, to indirectly compare the effectiveness among
treatments of acupuncture and related therapies, we did a
random effects model NMA within a Bayesian framework, by
using WinBUGS (Version 1.4.3, MRC Biostatistics Unit, Cam-
bridge, UK) [22, 23]. Models were computed with Markov
chain Monte Carlo (MCMC) simulation methods, using four
chains with overdispersed initial values. We utilized the
Markov chains for 50,000 simultaneous iterations after the
first 20000 iterations were discarded because they may have
an influence on the arbitrary value. In this process, the con-
vergence of the model was assessed by the Brooks-Gelman-
Rubin (BGR) method; a value of potential scale reduction
factor (PSRF) close to 1indicated the better convergence [24].
The continuous outcome was measured by a standard mean
difference (SMD) with a 95% credible intervals (CrI) for in-
direct comparisons.

Finally, plot of surface under the cumulative ranking
curve (SUCRA) was generated using the STATA software
(Version 13.0; Stata Corporation, College Station, Texas,
USA), which indicated the probability of each intervention
of being ranked best [25]. In our study, higher SUCRA scores
mean the higher rank of the treatment [15]. A Z value and its
corresponding p-value were calculated, and an R value less
than 0.05 indicated a statistically significant difference.

3. Results

3.1. Study Search. We performed this research on Dec 26 2017.
As shown in Figure 1, a total of 1050 records were initially
identified from the databases. 675 studies left after duplicates
were removed. 577 records were excluded after carefully scan-
ning titles and abstracts. Finally, 34 trials with 2283 partici-
pants were included in our NMA [26-59], covering 8 groups,
manual acupuncture; electroacupuncture; auricular acupoint
stimulation; acupoint catgut embedding; pharmacotherapy;
warming acupuncture; lifestyle modification; placebo.

3.2. Study Description. Main characteristics of included RCTs
were shown in Table 1. The participants were from Australia
[28], the United States [26], Turkey [46], Korea [51], Iran

[36], Egypt [48], and China. Age of participants ranged from
15 to 70 years, while the sample size of the studies ranged
from 12 to 86. Among the included RCTs, there were one
four-arm trials, 5 three-arm trials, and 28 two-arm trials.
Fourteen studies compared acupuncture to placebo. Ten
studies compared acupuncture to lifestyle intervention. Six
studies compared combined therapies to acupuncture alone.
Details about acupuncture points used, retention time, fre-
quency, and duration of acupuncture sessions were shown in
Table 2. In these research, 30 articles [26-30, 32, 34-38, 41—
59] reported the weight loss, while 25 articles reported the
change in BMI. The details of mean, standard difference
(SD), and sample size between different groups for eligible
studies are summarized in Appendix 3. The Cochrane risk of
bias assessment was presented in Table 3. Furthermore, the
network plot of included comparisons was shown in Figure 2.

3.3. Pairwise Meta-Analyses

3.3.1. Body Weight. A direct pairwise meta-analysis showed
that acupuncture and related therapies showed a greater BW
reduction than lifestyle modification (MD: 1.66; 95% Confi-
dence interval, 0.63t02.70) and placebo (MD: 1.15; 95% CI,
0.67t01.63). When compared to acupuncture, combination
of acupuncture and related theories showed a marginally
stronger effect in weight loss (MD: 1.56; 95% CI, 0.07t03.05).
There was no statistically significant difference between
combination of acupuncture and related theories and phar-
macotherapy in their effectiveness in BW (MD: 2.44; 95% ClI,
-1.98t06.86). (Table 4)

BMI. As for the comparison in reducing BMI, acupuncture
and related therapies were found to be marginally superior
to lifestyle modification (MD: 1.17; 95% CI, 0.09t02.26) and
placebo (MD: 0.57;95% CI, 0.40t00.74). The remaining direct
comparisons did not show significant differences (Table 4).

3.4. Network Meta-Analysis

3.4.1. Body Weight. The NMA showed that all treatments
other than acupuncture combined lifestyle modification were
more efficacious than lifestyle modification. Three treat-
ments were significantly more effective than placebo. Specif-
ically, acupoint catgut embedding (SMD: 1.26; 95% credible
interval, 0.46t02.06), acupuncture (SMD: 2.72; 95% Crl,
0.06t05.29), and combination of acupuncture and related
therapies (SMD: 3.65; 95% Crl, 0.96t06.94). Furthermore,
moxibustion with warming needle was associated with a
significantly improvement than lifestyle modification (SMD:
-5.24; 95% Crl1, -10.15t0-0.55) (Table 5).

3.4.2. BMI Four treatments showed superiority over
placebo, including acupoint catgut embedding (SMD: 1.31;
95% Crl, 0.36t02.06), acupuncture (SMD: 1.94; 95% Crl,
0.83t03.00), combination of acupuncture and related theories
(SMD: 3.65; 95% Crl, 0.96t06.94), and electroacupuncture
(SMD: 1.28; 95% Crl, 0.43to02.11). Four treatments were
significantly more effective than lifestyle modification,
including acupoint catgut embedding (SMD: 0.63; 95% CI,
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TABLE 4: Pairwise meta-analyses.
C . - o . . Heterogeneity test
omparison Pairwise OR (95% CI) Number of patients Number of studies 5
I (%) p value
Body weight
ARvs. LM 1.66(0.63 to 2.70) 496 10 55 0.02
AR vs. placebo 1.15(0.67 to 1.63) 833 14 65 0.0004
Combines therapies vs. PHA 2.44(-1.98 to 6.86) 80 1 - -
Acupuncture vs. related therapies 0.25(0.00 to 0.49) 413 6 0 0.73
Combines therapies vs. acupuncture 1.56(0.07 to 3.05) 378 6 99 <0.00001
BMI
AR vs. LM 1.17(0.09 to 2.26) 314 6 74 0.002
AR vs. placebo 0.57(0.40 to 0.74) 830 12 63 0.002
Combines therapies vs. PHA 0.48(-0.90 to 1.86) 80 1 - -
Acupuncture vs. related therapies 0.13(-0.06 to 0.32) 325 5 0 0.8
Combines therapies vs. acupuncture 0.77(-0.37 t0 1.92) 158 4 88 <0.00001

BMI: body mass index; LM: lifestyle modification; PHA: pharmacotherapy; AR: acupuncture and related therapies.

0.25tol.11), acupuncture (SMD: 1.28; 95% Crl, 0.43t02.06),
combination of acupuncture and related theories (SMD: 1.44;
95% CrI, 0.64t02.38), and electroacupuncture (SMD: 0.60;
95% Crl, 0.03t01.22). Also, the combination of acupuncture
and related theories and acupuncture alone were both
superior to the acupuncture combined lifestyle modification
in their ability to reduce body mass index (SMD = -1.76, 95%
Crl =-2.96 to —0.62; SMD = —-1.59, 95% Crl = —2.71to —0.34)
(Table 5).

3.5. Ranking

3.5.1. Body Weight. Ranking of the different treatment meth-
ods was displayed Figure 3. The results suggested that, on
the aspect of weight loss, combination of acupuncture and
related therapies was ranked the optimal method, the best,
(88.7%), followed by moxibustion with warming needle
(87.8%), manual acupuncture (70.5%), acupoint catgut em-
bedding (ACE,62.1%), auricular acupoint stimulation (AAS,
48.3%), electro acupuncture (EA,46.3%), pharmacotherapy
(41.9%), acupuncture combined lifestyle modification (AR+
LM,31.2%), placebo acupuncture/sham acupuncture (16.8%),
and lifestyle modification (LM,6.4%) which was ranked as the
worst.

3.5.2. BMI. The results suggested that, on the aspect of BMI,
combination of acupuncture and related therapies was ranked
the optimal method, the best, (90.2%), followed by manual
acupuncture (83.3%), pharmacotherapy (64.7%), acupoint
catgut embedding (58.6%), auricular acupoint stimulation
(55.7%), electroacupuncture (52.1%), placebo acupuncture/
sham acupuncture (25.1%), acupuncture combined lifestyle
modification (16.9%), and lifestyle modification (3.4%) which
was ranked as the worst.

3.6. Inconsistency Assessment

3.6.1. Body Weight. The Z test illustrates the inconsistency
of the NMA specifically (Appendix 4). For the inconsistency
test outcome of BW, 95% CI of 8 loops was included 0,

which reflected that no significant inconsistency was found.
However, another 2 loops (ACE-Acupuncture-Combined
therapies; ACE-Combined theories-EA) were found statisti-
cal inconsistency between direct and indirect comparisons.

3.6.2. BMI. For the inconsistency test outcome of body mass
index, 95% CI of all loops (acupuncture -combined theories-
EA; acupuncture-EA-placebo; AR+LM -EA- LM-placebo;
ACE-acupuncture-EA; AAS-EA-LM; AAS-AR+LM-LM-
placebo; AAS-EA-placebo) were included 0, which reflected
that no significant inconsistency was found.

3.7 Safety. Ten RCTs [26-28, 31, 32, 35, 36, 38, 39, 45] report-
ed adverse events, while no major complications were noticed
in all included studies. Three included studies [35, 36, 39]
reported that no adverse effects were noted in both exper-
imental group and placebo group. In one included RCT,
there were two patients reporting mild ecchymosis and one
abdominal discomfort case reported as adverse events after
electroacupuncture treatment; no case was reported in the
lifestyle modification group [27]. In another study, there were
seven subjects in group auricular acupoint stimulation and
two subjects in group placebo had mild tenderness [32].

4. Discussion

The aim of this study was to identify the efficacy and safety of
acupoint stimulation therapy for obesity. In this NMA, the
association of each acupuncture and related therapies with
relative weight loss was compared by the combination of
direct and indirect evidence from 34 RCTs in 2283 obese pa-
tients.

This study has three key findings. First, ranking graphs
of the primary outcome suggested that the combination of
acupuncture and related therapies was the most effective
in losing weight and improving BMI. Second, compared
with placebo or sham acupuncture, combination of acu-
puncture-related therapies, manual acupuncture, acupoint
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catgut embedding, auricular acupuncture therapy, and elec-
troacupuncture are all associated with higher odds of achiev-
ing weight loss. Third, combination of acupuncture and re-
lated therapies, manual acupuncture, pharmacotherapy, acu-
point catgut embedding, auricular acupoint stimulation, and
electroacupuncture were superior to lifestyle intervention.

Lifestyle modification, like diet intervention and physical
activity, is recommended as safe and effective way to lose
weight [60]. Results of direct and indirect evidence suggest
acupuncture and related theories had significant benefi-
cial effects in dealing with obesity compared with lifestyle
modification. Both experimental and clinical data prove the
efficacy of acupuncture for obesity [61]. Experimental data
suggests that acupuncture exerts beneficial effects on weight
loss [62, 63]. The majority of clinical evidence suggests that
acupuncture and related therapies reduced more weight than
sham control group [26, 28, 31, 32], which are consistent with
our results. Previous animal studies have observed that the
expression of obesity-related peptides was upregulated in the
hypothalamus after acupuncture treatment, which induced
less food intake and weight loss [62, 64, 65]. Similarly, sig-
nificant decreases in plasma leptin level were observed after
EA treatment in obese patients [46]. With regard to insulin
level, several experimental studies reported that EA can
improve insulin sensitivity [66, 67]. However, results from
clinical trials regarding insulin levels are controversial.
Cabioglu MT reported that EA increased insulin level com-
pared with control group [56], but Gucel F indicated that
acupuncture decreased insulin level [46]. As to effects on
lipid metabolism, acupuncture was reported to be effective
in decreasing total cholesterol (TC), triglycerides (TG) and
LDL-C concentrations [68, 69] of obese rat. Significant
decreases in TC [55], TG [35], and LDL-C [55] were observed
whereas no changes in HDL-C [55] levels were observed in
clinical trials. Furthermore, experimental studies suggest that
there was significant decrease in serum TNF« after EA [70].
Except for the noted mechanisms, EA can also induce white
adipose tissue (WAT) browning via increasing uncoupling
protein-1 (UCP1) gene expression [71].

This NMA has several attractive advantages. We focused
on simple obesity patients without complication, which de-
creased the heterogeneity and improve the quality of this
study. In addition, we compared acupuncture and acupunc-
ture-related therapies with the first-line treatment for obesity-
lifestyle modification with a Bayesian framework. The rank
test of effectiveness provides data to favour acupuncture
and acupuncture-related therapies. Lastly, we conducted a
comprehensive search and included all eligible studies. We
compared five different acupuncture treatments (manual acu-
puncture; electro acupuncture; auricular acupoint stimula-
tion; acupoint catgut embedding; moxibustion with warming
needle) in the clinical effectiveness in treating patients with
obesity.

However, this study has several limitations. First, we
failed to evaluate the safety of each acupoint stimulation
therapy due to the limited data in primary studies. Future
trials should report adverse events clearly to improve the
quality of study design. Second, unaddressed concerns still
exist regarding the long-term effects of using acupuncture
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and acupuncture-related therapies on weight management in
a clinical setting. The duration of acupuncture sessions and
follow-up duration of most included trials ranging from
four weeks to twelve weeks. Further clinical evaluation of
acupuncture for obesity with longer follow-up appears war-
ranted. Third, blinding of patients and researches was not
applied among included studies and the included trials were
mainly conducted in China, which may lead to publication
bias [72]. Fourth, included study in our NMA lack of research
compares the effectiveness between acupuncture, pharma-
cotherapy, and different types of combination of acupuncture.
Further confirmatory comparative effectiveness trials should
compare different types of combination of acupuncture. Ex-
cept one study compared acupuncture and pharmacotherapy
[29], additional research is needed to further explore. Finally,
we use R-value to estimate the changes in standard deviations
(SD), which might enlarge the SD compared with the origi-
nals values.

Overall, our results indicate that combination of acu-
puncture and related therapies ranks as the optimal method
for reducing both weight and BMI. Further studies will clarify
which combination of acupuncture and related therapies is
better.
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