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Xinyun Zhu3, Yuemeng Zhao1, Caiyi Long4, Mengjing Wang1,
Qingling Xie1, Zhao Li2 and Jie Wu2*

1College of Acupuncture and Tuina, Chengdu University of Traditional Chinese Medicine,
Chengdu, China, 2Hospital of Chengdu University of Traditional Chinese Medicine, Chengdu, China,
3People’s Hospital of Leshan, Leshan, China, 4Clinical Medical College, Chengdu University of
Traditional Chinese Medicine, Chengdu, China
Objective: The aim of this study was to evaluate the comparison between

acupuncture combined with metformin versus metformin alone in improving

the pregnancy rate of people with polycystic ovary syndrome (PCOS).

Methods: A literature search of eight databases resulted in nine randomized

controlled trials (RCTs) that assessed the effect of acupuncture combined with

metformin on pregnancy rate in PCOS patients compared with metformin

alone. Subsequently, data extraction and analysis were conducted to evaluate

the quality and risk of bias of themethodological design of the study, andmeta-

analysis was conducted on the RCT data.

Results: Nine RCTs and 1,159 women were included. Acupuncture can improve

pregnancy rate. It was analyzed according to the diagnostic criteria of PCOS [Z =

2.72, p = 0.007, relative risk (RR) 1.31, 95% CI 1.08 to 1.60, p = 0.15, I2 = 41%].

Analysis was performed according to different diagnostic criteria of pregnancy (Z=

3.22, p = 0.001, RR 1.35, 95% CI 1.13 to 1.63, p = 0.12, I2 = 42%). Acupuncture can

improve ovulation rate. Subgroup analysis was performed according to the

number of ovulation patients (Z = 2.67, p = 0.008, RR 1.31, 95% CI 1.07 to 1.59,

p = 0.04, I2 = 63%) and ovulation cycle (Z = 3.57; p = 0.0004, RR 1.18, 95% CI 1.08

to 1.29, p = 0.57, I2 = 0%). Statistical analysis also showed that acupuncture

combined with metformin could improve homeostatic model assessment of

insulin resistance (HOMA-IR) [mean difference (MD) −0.68, 95% CI −1.01 to

−0.35, p = 0.003, I2 = 83%].
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Conclusions: Based on the results of this study, compared with metformin

alone, acupuncture combined with metformin has a positive effect on

pregnancy rate, ovulation rate, and insulin resistance in PCOS. However, due

to the limitations regarding the number and quality of the included studies, the

above conclusions need to be verified by further high-quality studies.

Systematic Review Registration: https://www.crd.york.ac.uk/PROSPERO/

#myprospero.
KEYWORDS
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Introduction

Polycystic ovary syndrome (PCOS) is the most common

hormonal disorder in women and is also one of the most

common factors that cause infertility (1). With the opening of

the three-child policy in China, the reproductive needs of

women of childbearing age are increasingly urgent, but the

incidence of PCOS in these women is as high as 9% to 18%

(2), which has a great impact on pregnancy. Studies have shown

that insulin resistance (IR) is a key feature of the

pathophysiology of PCOS (3), with 85% of patients being

affected by IR. IR disrupts the follicular environment (4) by

leading to hyperandrogenemia (5), affecting follicular

development and ovulation, which is not conducive to

pregnancy. In addition, people with obesity account for 35%–

60% (6) of the population with PCOS, which is closely related to

IR and the pathological mechanism of PCOS (7). Weight gain

has been shown to further aggravate IR (8, 9). The above factors

affect women’s health.
Acupuncture has become more and more popular in the

world as a complementary and alternative therapy for infertility.

In 2010, a study in the United States showed that 29% of patients

used complementary and alternative drugs with the aim to treat

infertility, of whom 22% chose acupuncture (10). In China,

traditional medicine is even more popular. A large number of

clinical and animal experiments have shown that acupuncture

has significant effects in the treatment of infertility and

anovulation caused by PCOS, including improving clinical

pregnancy rate, ovulation rate, live birth rate, insulin

resistance, menstruation, hormone levels, foll icular

development, and hyperandrogenaemia, and regulating the

secretory function of hypothalamic pituitary ovarian axis

(HPOA) (11–17) but it may also cause subcutaneous bleeding

or pain and other mild adverse reactions. Studies have shown

that metformin is one of the most important drugs for reducing

insulin resistance in PCOS patients (18). Such drugs have been
02
shown to improve clinical pregnancy rate and ovulation rate,

and have positive effects on hyperinsulinemia and ovarian

androgen hypersecretion.

There are no detailed and systematic methodological

evaluations and data consolidations between acupuncture

combined with metformin versus metformin alone. The main

objective of this study was to conduct a systematic review and

meta-analysis comparing whether acupuncture combined with

metformin can further improve pregnancy rates compared to

metformin alone, thus providing a more effective treatment for

this population.
Methods

This study was conducted according to Preferred Reporting

Items for Systematic Reviews andMeta-analyses (PRISMA) (19).

This study was listed on the Prospective Register of Systematic

Reviews (PROSPERO) on 15 February 2022, with registration

number: CRD42022302940.
Data sources

In this study, the following eight databases [PubMed,

Embase, Cochrane Central Register of Controlled Trials

(CENTRAL), Web of Science (SCI), Chinese Biomedical

Database (CBM), Chinese National Knowledge Infrastructure

(CNKI), Wan Fang Data Knowledge Service Platform, and VIP

Journal Integration Platform (VIP)] were searched from the

database construction to 14 April 2022, including four English

databases and four Chinese databases. At the same time, to

retrieve Chinese Clinical Trial Register, Clinical Trials.gov,

relevant articles in the reference lists were also collected. The

retrieval was carried out by the combination of medical subject

headings (MeSH). Keywords searched in PubMed include
frontiersin.org
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“Acupuncture” and “Metformin” and “Polycystic Ovary

Syndrome” and “Infertility” and “Randomized Controlled

Trial”. See appendix for detailed search strategies.
Study selection and data extraction

Two researchers (YL and HYL) independently screened the

retrieved articles, read the titles and abstracts, and then excluded

the repeated studies and irrelevant articles. According to the

inclusion criteria and exclusion criteria, eligible studies were

identified, data were extracted and cross-checked, and any

ambiguity was resolved through discussion and consensus. If

no consensus was reached, a third researcher (QLX) was asked to

adjudicate. Any literature that is removed will be recorded. The

experimental groups received acupuncture (acupuncture,

moxibustion, electroacupuncture, acupoint embedding therapy,

acupoint injection, acupuncture ear, warm needling, fire-needle,

or floating needle) combined with metformin; the control groups

were treated with metformin alone. Inclusion criteria were as

follows: (a) subjects were diagnosed with PCOS; (b) the

treatment group used acupuncture combined with metformin,

while the control group used only metformin; and (c) the study

type was a randomized controlled trial. Exclusion criteria were as

follows: (a) subjects were treated with drugs other than

metformin; (b) the use of traditional Chinese medicine; (c) the

study was conducted on animals; and (d) the study was not

reported in Chinese or English. This study was divided into two

groups: the acupuncture combined with metformin group and

the metformin alone group. Data were extracted independently

by two researchers (YL and HYL), and checked by another

researcher (XC) to extract information that might be related to

the research results, as follows: First author, year of publication,

number of participants, age, infertility duration, treatment

duration, interventions, diagnostic criteria, outcome indicators,

side effects and adverse events, and other information. The

results were recorded in an Excel spreadsheet (Table 1).
Risk of bias assessment

Cochrane RoB2.0 was used to evaluate risk of bias in the

individual studies (20). The following six items were extracted from

each of the RCTs for evaluation: (a) randomization process; (b)

deviations from intended interventions; (c) missing outcome data;

(d) measurement of the outcome; (e) selection of the reported result;

and (f) overall. When the appropriate method is used and described

appropriately and clearly, the study was considered to be low risk;

otherwise, it was rated as high risk, or some concerns if the method

could not be accurately judged. Two researchers (YL and HYL)

independently assessed these factors and, if necessary, a third

researcher (QLX) was consulted to resolve disagreements

(Figures 1, 2).
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Outcomes

Main outcome measures: pregnancy rate: positive morning

urine beta human chorionic gonadotropin (b-hCG) or blood b-
hCG, basal body temperature (BBT) for more than 3 weeks,

pregnancy sac detected by color ultrasonography, or fetal bud

and heartbeat detected by colour ultrasonography at 7 weeks

of gestation.
Statistical analysis

RevMan5.3 software was used for statistical analysis. Relative

risk (RR) and its 95% confidence interval (CI) were used for

dichotomous variables, MD or standardized mean difference

(SMD) were used for continuity variables, and 95% CI was given.

p < 0.05 was considered as a statistically significant difference.

According to the study of the object of study, observation group

intervention, and control group, judging whether the concrete

application of similar clinical outcome index, according to the

result of the I2 test to determine the statistical heterogeneity.

I2>50% is considered as high heterogeneity. The methods of

subgroup analysis and sensitivity analysis were used, and the

study adopts a random-effects model.
Results

Studies retrieved

In total, 330 related literatures were screened initially, and

nine studies (21−29) ultimately met our inclusion criteria after

the different rounds of screening. A total of 1,159 patients with

PCOS who received acupuncture or acupuncture combined with

metformin were identified from nine randomized controlled

trials (Figure 3).
Quality of the evidence: Summary of
findings table

We used the GRADE method to present a “Summary of

Findings” table. The quality of evidence for outcome measures

(pregnancy rate, ovulation rate, and HOMA-IR) was evaluated

for a subject review comparison (acupuncture combined with

metformin vs. metformin alone). We used the GRADE criteria

to assess the quality of evidence, study limitations,

inconsistencies, inaccuracies, and publication bias. The two

researchers (ZL and QLX) independently judged the quality of

the evidence (high, moderate, low, or very low) and resolved

differences through discussion Table 2.
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TABLE 1 Characteristics of the studies included in this systematic review (acupuncture + metformin vs. metformin).

No. Study, pub-
lication
year

(country)

No. of
patients
(O/A)

Age:
mean
±SD
or

range
(years)

Duration
of infertil-
ity: mean
±SD or
range
(years)

Intervention Control Period of
treatment

Diagnostic
criteria

Side effects
and adverse

events

Type of out-
comes

1 Li YC,2021
(China)21

I:57/57
C:57/57

I:31.42
±3.22
(20-40)
C:31.48
±3.25
(21-39)

NR Acupuncture
+Metformin

Metformin 3 months 2018
"Guidelines
for Diagnosis
and
Treatment of
Polycystic
Ovarian
Syndrome" in
China

NR pregnancy,
ovulation, TCM
symptom score,
FPG,FINS,HOMA-
IR,Blood fat.

2 Wang JY,2020
(China) 22

I:30/30
C:30/30

I:26.43
±3.52
(22-38)
C:26.23
±3.48
(21-38)

NR Acupuncture
+Metformin

Metformin 3 months NR NR pregnancy,Sex
hormone level,
FPG,HOMA-IR,
BMI,etc.

3 Li L,2014
(China) 23

I:53/53
C:51/51

I:27.10
±2.50
(22-40)
C:25.20
±1.80
(21-38)

I:3.6(2.0-7.5)
C:3.3(2.0-7.2)

Acupuncture
+Metformin

Metformin 6 months Rotterdam Gastrointestinal
reaction

Sex hormone level,
BBT,B-scan
ultrasonography,
BMI,WHR,
Ferriman-Gallway,
HOMA-IR,FPG,
FINS,OGTT,ST,
FBG,etc.

4 Zhai ZY,2017
(China) 24

I:40/40
C:40/40

I:23.70
±2.20
(20-29)
C:23.10
±1.90
(20-28)

I:4.40±1.20
(2-7) C:4.10
±1.40(2-7)

Acupuncture
+Metformin

Metformin 3 months Rotterdam Gastrointestinal
reaction,
Menstrual
abnormalities

ovulation,BMI,
WHR,Sex hormone
level,FPG,FINS,
APN.

5 Peng XY,2020
(China) 25

I:30/30
C:30/30

I:28.42
±1.32
(22-32)
C:28.32
±1.35
(22-33)

I:2.02±0.12
(0.6-4) C:2.06
± 0.11(0.6-4)

Acupuncture
+Metformin

Metformin 6 months 2018
"Guidelines
for Diagnosis
and
Treatment of
Polycystic
Ovarian
Syndrome" in
China

NR pregnancy,
ovulation,Sex
hormone level, B-
scan
ultrasonography.

6 Li SS,2015
(China) 26

I:75/75
C:75/75

I:25.10
±2.30
(23-34)
C:24.10
±2.20
(21-33)

I:3.2(2-4)
C:3.3(2-5)

Acupuncture
+Metformin

Metformin 6 months NR NR pregnancy,
ovulation,Sex
hormone level, B-
scan
ultrasonography,
HOMA-IR,BMI,
Ferriman-Gallway,
OGTT,ST.

7 Tang J,2017
(China) 27

I:52/52
C:52/52

I:28.53±
6.62(22-
42)
C:28.26
±6.70
(21-40)

I:3.72±1.38
(1-7) C:3.41
±1.52(1-8)

Acupuncture
+Metformin

Metformin I:3
menstrual
cycles C:3
months

Rotterdam NR pregnancy,
ovulation,Total
effects,BMI,FPG,
Sex hormone level,
FINS.

8 Zhang ZL,2016
(China) 28

I:50/50
C:50/50

I:26.30±
4.40(22-
38)

I:3.2±0.6(2-7)
C:3.1± 0.5(2-
6)

Acupuncture
+Metformin

Metformin 6 months Rotterdam NR BMI,WHR,B-scan
ultrasonography,

(Continued)
Front
iers in Endocrino
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Main results

Pregnancy

Six studies of acupuncture combined with metformin

reported pregnancy rates (22, 23, 25–27, 29). In terms of

pregnancy rates, the results were statistically significantly

different between the two groups (Z = 3.22, p = 0.001, RR

1.35, 95% CI 1.13 to 1.63, p = 0.12, I2 = 42%), indicating that

acupuncture combined with metformin was superior to

metformin alone in improving pregnancy. We found that

different diagnostic criteria were adopted in clinical studies on

pregnancy rate; thus, we conducted subgroup analysis and used

B-ultrasound for diagnosis (Z = 2.39, p = 0.02, RR 1.49, 95% CI

1.07 to 2.07, p = 0.03, I2 = 66%). B-ultrasound was not used for

the diagnostic group (Z = 2.14, p = 0.03, RR 1.30, 95% CI 1.02 to

1.65, p = 0.64, I2 = 0%), indicating that the heterogeneity of the

test was mainly derived from the criteria of pregnancy (Figure 4).

Additionally, there are different diagnostic criteria for PCOS;

when summarizing the characteristics, we found that there are
Frontiers in Endocrinology 05
two different sets of diagnostic criteria. The first is the Rotterdam

standard, and the second is a set of PCOS diagnosis and

treatment guidelines in China. We also performed subgroup

analysis of the above two kinds of diagnostic criteria, finding that

heterogeneity when using the Rotterdam criteria (I2 = 25%) was

significantly lower than the overall heterogeneity (I2 =

41%) (Figure 5).
Ovulation

Seven studies of acupuncture combined with metformin

reported ovulation rates, calculated by number of ovulations in

four studies (21, 24, 25, 29) and ovulation cycles in three studies

(23, 26, 27). We analyzed these studies separately according to

their different calculation methods.

Calculated by the number of ovulation: 532 participants in

these studies, 224 women in the trial group and 180 women in

the control group ovulated. The results were statistically

significant (Z = 2.67, p = 0.008, RR 1.31, 95% CI 1.07 to 1.59,
TABLE 1 Continued

No. Study, pub-
lication
year

(country)

No. of
patients
(O/A)

Age:
mean
±SD
or

range
(years)

Duration
of infertil-
ity: mean
±SD or
range
(years)

Intervention Control Period of
treatment

Diagnostic
criteria

Side effects
and adverse

events

Type of out-
comes

C:27.2
±4.1(23-
37)

Sex hormone level,
Ferriman-Gallway

9 Liu YE, 2018
(China)29

I:138/138
C:140/140

I:30.00
±7.00
(23-37)
C:31.20
±8.10
(23-39)

I:2.35±1.65
(0.7-4.0)
C:2.51± 1.83
(0.7-4.3)

Acupuncture
+Metformin

Metformin 2 months Rotterdam NR pregnancy,
ovulation,Sex
hormone level,
AMH,BMI,
menstrual cycle,etc.
AMH, anti-Müllerian hormone; APN, Adiponectin;BBT, basal body temperature; BMI,Body Mass Index; C, control; FINS,Fasting insulin; FPG, fasting plasma glucose; HOMA-IR,
Homeostatic model assessment of insulin resistance; I, intervention; NR, not reported; OGTT, oral glucose tolerance test; ST, insulin release test; TCM, Traditional Chinese Medicine; WHR,
Waist-to-Hip Ratio.
FIGURE 1

Risk of bias summary.
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p = 0.04, I2 = 63%). Calculated according to ovulation cycle: 683

participants in these studies, cycle ovulation rates were recorded

for 278 women in the trial group and 226 women in the control

group. The results had low heterogeneity, and indicated that

acupuncture combined with metformin had a positive effect on

improving ovulation rate compared with metformin alone (Z =

3.57; p = 0.0004, RR 1.18, 95% CI 1.08 to 1.29, p = 0.57, I2 =

0%) (Figure 6).
Homa-Ir

HOMA-IR was reported in three studies of acupuncture

combined with metformin (21–23) with a total of 282

participants, 144 in the experimental group and 138 in the

control group. The results showed that the difference in

HOMA-IR between the two groups was statistically significant

(Z = 4.02; p < 0.0001), with high heterogeneity (MD −0.68, 95%

CI −1.01 to −0.35, p = 0.003, I2 = 83%). After sensitivity analysis
Frontiers in Endocrinology 06
(p = 0.34, I2 = 0%), heterogeneity was derived from a research

(22), and it was found that the sample size of the study was only

30 cases. Therefore, sample size may be the main source of

heterogeneity (Figure 7).

Side effects and adverse events

The incidence of side effects and adverse events was reported

in two trials. A total of 21 patients treated with acupuncture

combined with metformin had gastrointestinal reactions and 2

had menstrual abnormalities. After metformin alone treatment,

a total of 23 patients had gastrointestinal reactions and 6 patients

had menstrual abnormalities.

Discussion

In this systematic review and meta-analysis, acupuncture

combined with metformin was suggested to have a positive effect

on pregnancy rate, ovulation rate, and HOMA-IR in patients
FIGURE 3

Flowchart of the study selection process.
FIGURE 2

Risk of bias graph.
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TABLE 2 Summary of findings table.

Acupuncture+ Metformin compared to Metformin for PCOS

Patient or population: patients with PCOS Settings: outpatients Intervention: Acupuncture+ Metformin Comparison: Metformin

Outcomes Illustrative comparative risks* (95%
CI)

Relative effect (95%
CI)

No of Participants
(studies)

Quality of the evidence
(GRADE)

Comments

Assumed
risk

Corresponding risk

Metformin Acupuncture+
Metformin

Pregnancy- B-ultrasound Study population RR 1.49 (1.07 to
2.07)

502 (4 studies) ⊕⊕⊝⊝ low1,2

563 per
1000

840 per 1000 (603 to
1000)

Moderate

404 per
1000

602 per 1000 (432 to
836)

Pregnancy- Not B-ultrasound Study population RR 1.3 (1.02 to 1.65) 254 (2 studies) ⊕⊕⊝⊝ low1

429 per
1000

557 per 1000 (437 to
707)

Moderate

407 per
1000

529 per 1000 (415 to
672)

Pregnancy- Rotterdam Study population RR 1.24 (1.06 to
1.45)

636 (4 studies) ⊕⊕⊝⊝ low1

547 per
1000

678 per 1000 (580 to
793)

Moderate

414 per
1000

513 per 1000 (439 to
600)

Pregnancy- China Study population RR 2.14 (1.02 to
4.49)

60 (1 study) ⊕⊕⊝⊝ low1,3

233 per
1000

499 per 1000 (238 to
1000)

Moderate

233 per
1000

499 per 1000 (238 to
1000)

Ovulation - number of
ovulations

Study population RR 1.31 (1.07 to
1.59)

532 (4 studies) ⊕⊕⊝⊝ low1,2

674 per
1000

883 per 1000 (721 to
1000)

Moderate

649 per
1000

850 per 1000 (694 to
1000)

Ovulation - ovulation cycles Study population RR 1.18 (1.08 to
1.29)

683 (3 studies) ⊕⊕⊝⊝ low1

677 per
1000

798 per 1000 (731 to
873)

Moderate

674 per
1000

795 per 1000 (728 to
869)

HOMA-IR The mean homa-ir in the
intervention groups was 0.68
lower (1.01 to 0.35 lower)

282 (3 studies) ⊕⊕⊝⊝ low1,3,4
Frontiers in Endocrinology
 07
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*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based on the assumed
risk in the comparison group and the relative effect of the intervention (and its 95% CI). CI, Confidence interval; RR, Risk ratio;
GRADE Working Group grades of evidence High quality, Further research is very unlikely to change our confidence in the estimate of effect. Moderate quality, Further research is likely to
have an important impact on our confidence in the estimate of effect and may change the estimate. Low quality, Further research is very likely to have an important impact on our confidence
in the estimate of effect and is likely to change the estimate. Very low quality, We are very uncertain about the estimate.
1Evidence downgraded by two levels for serious risk of bias, the majority of the RCTs have unclear or high risk of bias. 2Evidence downgraded by one level for serious inconsistency 50%
<I2<75%. 3Evidence downgraded by one level for serious imprecision, low number of events (total number of events < 300). 4Evidence downgraded by two levels for serious inconsistency
I2≥75%.
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with PCOS compared to metformin alone. Subgroup analysis

showed that the causes of heterogeneity were related to

diagnostic criteria and random methods.

These findings are consistent with previous systematic

evaluation and RCT results. Acupuncture alone or in

combination with Western medicine in treating PCOS infertility

can improve pregnancy rate, ovulation rate, hormone level, ovarian

function, insulin resistance, and obesity (15, 30–33). However, the

research results of Wu et al. were contrary to this (34). This study

reported that acupuncture was not effective at treating infertility in

PCOS patients. From the perspective of trial design, this study broke

the traditional “step-by-step” evidence-based medicine research

mode; that is, literature studies, observational studies, and small

RCTs were not performed before performing a large-sample,

multicenter RCT (35). This differs from the studies we have

included in this review. Among the specific therapeutic methods,

the choice of needles, acupoints, stimulation intensity, qi generation,
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treatment frequency, and course of treatment all have an impact on

the curative effect. Therefore, the different results of acupuncture

efficacy may be related to the lack of uniformity and objectivity of

the current relevant clinical research standards.

Secondly, through meta-analysis, it was found that different

diagnostic criteria of PCOS can cause differences in heterogeneity,

and the heterogeneity of Rotterdam diagnostic criteria (I2 = 25%)

was significantly lower than the overall heterogeneity (I2 = 41%).

Currently, the Rotterdam standard is generally accepted and

internationally recognized. In this study, five articles (23, 24,

27–29) adopted this standard. Fifteen years later, based on the

disease characteristics of Han women in China, epidemiological

investigation and research on the Chinese PCOS population was

conducted. The 2018 “Guidelines for Diagnosis and Treatment of

Polycystic Ovarian Syndrome” in China were formulated; two of

the included studies were based on this standard (21, 25). When

comparing the two criteria, the Rotterdam diagnostic criteria have a
FIGURE 4

Forest plot of effects of acupuncture combined with metformin versus metformin alone on pregnancy rate (diagnostic criteria of pregnancy).
FIGURE 5

Forest plot of effects of acupuncture combined with metformin versus metformin alone on pregnancy rate (diagnostic criteria of PCOS).
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wider range than China’s, but China’s criteria are more detailed.

Chinese standards put forward the concept of “suspected PCOS” as

the first step of diagnosis, with the second step being to confirm

PCOS. As a result, the clinical studies using the Chinese standard

included both patients with early suspected status and confirmed

status. However, as the original data did not separate these two

groups of patients, there was heterogeneity in the analysis. However,

this improvement to the guidelines raises the bar for future health

risk assessment, long-term clinical management, and pregnancy

assistance strategies in patients who have not been fully diagnosed

in the early stages of the condition.

Through different diagnostic criteria for pregnancy, our

subgroup analysis found that the heterogeneity of pregnancy

diagnosis by ultrasound was lower than that by laboratory

indicators (hCG detection only in serum or urine). We think

more about the diagnosis of pregnancy. Based on the last 3 years

of studies retrieved from Clinical Trials.gov, the Chinese Clinical

Trial Register and Prosper, in studies of PCOS and in vitro

fertilization/intra-cytoplasmic sperm injection (IVF/ICSI) (36–39),

ultrasound was widely used as the diagnostic standard for

pregnancy. In the subgroup analysis, it was found that clinical

pregnancy criteria were generally adopted relatively recently,

indicating that Chinese clinical studies were closer to

international studies.
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Quality of the evidence

In this review, we included only nine RCTs, most of which

had small sample sizes. The quality of the evidence was low or

very low. The main problems are risk of bias, imprecision, and

inconsistency of the research results (Table 2).

Limitations

The limitations of this systematic evaluation are as follows

(1): the included intervention measures, such as acupuncture

forms, acupoint selection, treatment frequency, and course of

treatment, vary greatly, and further subgroup analysis cannot be

carried out due to the limited number of studies, affecting the

accuracy of the results; and (2) due to incomplete information

about the authors of most of the studies, we were only able to

contact four of the authors by email, and did not receive any

replies. It can be seen that the author of the original study is not

very positive about the return visit of the author of the

systematic evaluation. It may be because the author doesnot

commonly use this contact method, or the recognition and

research significance of the systematic evaluation are not high

within the industry, and the author is not confident in his

own scheme.
FIGURE 6

Forest plot of effects of acupuncture combined with metformin versus metformin alone on ovulation rate.
FIGURE 7

Forest plot of effects of acupuncture combined with metformin versus metformin alone on HOMA-IR.
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Conclusion

Implications for practice

We cannot exclude clinically relevant differences in

pregnancy rate, ovulation rate, LH/FSH, HOMA-IR, and FPG

for acupuncture combined with metformin versus metformin.

The pregnancy rate, ovulation rate and HOMA-IR of

participants receiving acupuncture combined with metformin

may have improved compared to metformin alone. Due to

differences in pregnancy diagnostic criteria, we are not sure if

this is effective in studies without a definitive B-ultrasound

diagnosis. Due to the low quality of evidence and the limited

number of RCTs available in this area, our ability to determine

whether acupuncture combined with metformin is more

effective at treating PCOS than metformin alone is limited.

Implications for research
It is hoped that acupuncture combined with metformin will

improve the pregnancy rate of PCOS women.Further well-

designed and well-performed randomized controlled trials are

needed to definitively answer this question. Under uniform

diagnostic criteria, a standard set of acupuncture points and

stimulation methods should be considered, and the control

group should receive the same metformin regimen as the

acupuncture group.
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20. Higgins JPT, Sterne JAC, Savović J, et al. A revised tool for assessing risk of bias in
randomized trials. Cochrane Database Syst Rev (2016) 10(Supp 1):CD201601.

21. Li YC, Feng T, Rong CF, He MJ. Effect of ear acupuncture combined with
metformin on insulin resistance in patients with phlegm-dampness polycystic
ovary syndrome. J External Ther Traditional Chin Med (2021) 30:59–61.

22. Wang JY, Ma Y, Du WN, Wang BC, Wu LQ. Clinical study of influence of
metformin combined with acupuncture on glucolipid metabolism and adipokines
in obese polycystic ovarian syndrome. China Modern Med (2020) 27:69–72.

23. Li L, Mo H, Wen B, Zhang J, Li Y, Chen WF, et al. Clinical study of the
acupuncture combined with metformin for infertility patients with obesity-type
polycystic ovary syndrome. China J Traditional Chin Med Pharm (2014) 29:2115–9.

24. Zhai ZY. Metformin combined with acupuncture for infertility of obese
polycystic ovary syndrome. International Medicine and Health Guidance News
(2017) 23:2403 –5. doi: 10.3760/cma.j.issn.1007-1245.2017.15.025

25. Peng XY. Clinical observation of acupuncture combined with metformin in
the treatment of polycystic ovarian infertility. Chin Community Doctors (2020)
36:121–2. doi: :10.3969/j.issn.1007-614x.2020.26.059

26. Li SS. Metformin and auxiliary acupuncture in the treatment of obese
women infertility with polycystic ovary syndrome for 75 cases. Chin Med Modern
Frontiers in Endocrinology 11
Distance Educ China (2015) 13(06):78–9. doi: 10.3969/j. issn.1672-
2779.2015.06.039

27. Tang J. Effects of acupuncture combined with metformin on sex hormone
levels, glucose metabolism and pregnancy outcome in infertility patients with
polycystic ovary syndromed. Zhejiang J Traditional Chin Med (2017) 52:568–9.
doi: 10.13633/j.cnki.zjtcm.2017.08.014

28. Zhang ZL. Effect of acupuncture combined with metformin on infertility of
obese polycystic ovary syndrome. Med Forum (2016) 20:4670–1. doi: 10.19435/
j.1672-1721.2016.33.036

29. Liu YE, Liao BD. Clinical observation of acupuncture plus metformin for
infertile women with polycystic ovary syndrome. Shanghai J Acupuncture
Moxibustion (2018) 37:1354–8. doi: 10.13460/j.issn.1005-0957.2018.12.1354

30. Huang SQ, Xu HY, Xiong J, Xiang J, Hua FH. Efficacy of acupuncture for
PCOS infertility: a systematic review. Chin J Evidence-Based Med (2021) 21:431–7.
doi: 10.7507/1672-2531.202009166

31. Wu D, Wang XB, Cong HF, Liu SM, Liang Y. Effects of acupuncture on the
ovarian function in obese patients with polycystic ovary syndrome. World Chin
Med (2020) 15:2482–5. doi: 10.3969/j.issn.1673-7202.2020.16.028

32. Pastore LM, Williams CD, Jenkins J, Patrie JT. True and sham
acupuncture produced similar frequency of ovulation and improved LH to
FSH ratios in women with polycystic ovary syndrome. J Clin Endocrinol Metab
(2011) 96(10):3143–50. doi: 10.1210/jc.2011-1126

33. Shen LY, Liang CM, YangWJ, Pan L, Li H, Hu H. Acupuncture treatment of
polycystic ovarian syndrome patients with abdominal obesity by regulating dai
meridian: A randomized controlled clinical trial. Acupuncture Res (2018) 43
(04):255–9. doi: 10.13702/j.1000-0607.170687

34. Wu XK, Stener-Victorin E, Kuang HY, Ma HL, Gao JS, Xie LZ. Effect of
acupuncture and clomiphene in chinese women with polycystic ovary syndrome: a
randomized clinical trial. JAMA (2017) 317(24):2502–14. doi: 10.1001/jama.2017.7217

35. Deng YY, Gao JS, Ma LH, Wang R, Chen XH, Ma HX. Protocol
optimization and quality control of large-scale acupuncture clinical trial for
infertility. Zhongguo Zhen Jiu (2017) 37:541–4. doi: 10.13703/j.0255-
2930.2017.05.023

36. Hamdan M, Dunselman G, TC Li, Cheong Y. The impact of endometrioma
on IVF/ICSI outcomes: a systematic review and meta-analysis.Hum Reprod Update
(2015) 21(6):809–25. doi: 10.1093/humupd/dmv035

37. Xu J, Yin MN, Chen ZH, Yang L, Ye DS, Sun L. Embryo retention
significantly decreases clinical pregnancy rate and live birth rate: A matched
retrospective cohort study. Fertil Steril (2020) 114(4):787–91. doi: 10.1016/
j.fertnstert.2020.04.043

38. Liu X, Zhang W, Xu Y, Chu Y, Wang X, Li Q, et al. Effect of vitamin d status
on normal fertilization rate following in vitro fertilization. Reprod Biol Endocrinol
(2019) 17(1):59. doi: 10.1186/s12958-019-0500-0

39. Lim CED, Ng RWC, Cheng NCL, Zhang GS, Chen H, et al. Acupuncture for
polycystic ovarian syndrome. Cochrane Database Syst Rev (2019) 7(7):Cd007689.
doi: 10.1002/14651858.CD007689.pub4
frontiersin.org

https://doi.org/10.1016/j.biopha.2021.112288
https://doi.org/10.1097/md.0000000000007066
https://doi.org/10.1097/md.0000000000007066
https://doi.org/10.13460/j.issn.1005-0957. 2015. 03. 0269
https://doi.org/10.7661/cjim.20210913.365
https://doi.org/10.1152/ajpendo.00039.2013
https://doi.org/10.1111/j.1463-1326.2009.01192.x
https://doi.org/10.1016/j.biopha.2019.108687
https://doi.org/10.1684/ecn.2010.0217
https://doi.org/10.1371/journal.pmed.1003583
https://doi.org/10.3760/cma.j.issn.1007-1245.2017.15.025
https://doi.org/:10.3969/j.issn.1007-614x.2020.26.059
https://doi.org/10.3969/j.issn.1672-2779.2015.06.039
https://doi.org/10.3969/j.issn.1672-2779.2015.06.039
https://doi.org/10.13633/j.cnki.zjtcm.2017.08.014
https://doi.org/10.19435/j.1672-1721.2016.33.036
https://doi.org/10.19435/j.1672-1721.2016.33.036
https://doi.org/10.13460/j.issn.1005-0957.2018.12.1354
https://doi.org/10.7507/1672-2531.202009166
https://doi.org/10.3969/j.issn.1673-7202.2020.16.028
https://doi.org/10.1210/jc.2011-1126
https://doi.org/10.13702/j.1000-0607.170687
https://doi.org/10.1001/jama.2017.7217
https://doi.org/10.13703/j.0255-2930.2017.05.023
https://doi.org/10.13703/j.0255-2930.2017.05.023
https://doi.org/10.1093/humupd/dmv035
https://doi.org/10.1016/j.fertnstert.2020.04.043
https://doi.org/10.1016/j.fertnstert.2020.04.043
https://doi.org/10.1186/s12958-019-0500-0
https://doi.org/10.1002/14651858.CD007689.pub4
https://doi.org/10.3389/fendo.2022.978280
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Acupuncture combined with metformin versus metformin alone to improve pregnancy rate in polycystic ovary syndrome: A systematic review and meta-analysis
	Introduction
	Methods
	Data sources
	Study selection and data extraction
	Risk of bias assessment
	Outcomes
	Statistical analysis

	Results
	Studies retrieved
	Quality of the evidence: Summary of findings table

	Main results
	Pregnancy
	Ovulation
	Homa-Ir
	Side effects and adverse events

	Discussion
	Quality of the evidence
	Limitations

	Conclusion
	Implications for practice
	Implications for research


	Data availability statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


