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Objective: This study aimed to systematically assess the efficacy of acupuncture

in women with luteinized unruptured follicle syndrome (LUFS) based on existing

randomized controlled trials (RCTs).

Methods: A search of eight databases and one clinical trial database was

conducted on May 3, 2025, to identify relevant RCTs examining the benefits

of acupuncture for LUFS. The clinical outcomes of interest included two

primary outcomes and five secondary outcomes. Forest plots were used to

illustrate the pooled results, and sensitivity analyses were performed to verify

the robustness of the evidence. Subgroup analysis was conducted to

investigate whether the effect of acupuncture on the primary outcomes was

related to the number of acupoints used per treatment. In addition, Begg’s and

Egger’s tests were conducted to quantitatively examine publication bias among

the studies.

Results: A total of 15 RCTs from China involving 1,030 participants with LUFS were

included. According to the pooled results, acupuncture intervention effectively

increased the ovulation rate by 25% [risk difference (RD) = 0.25, 95%CI = 0.21–

0.30, p < 0.00001] and the pregnancy rate by 22% (RD = 0.22, 95%CI = 0.16–0.28,

p < 0.00001) compared with the control group. Moreover, acupuncture treatment

was more conducive to improving the luteinizing hormone levels [mean difference

(MD) = 3.76, 95%CI = 2.27–5.25, p < 0.00001], the estradiol levels [standardized MD

(SMD) = 0.47, 95%CI = 0.31–0.63, p < 0.00001], the progesterone levels (MD = 1.50,

95%CI = 1.09–1.91, p < 0.00001), the resistance index (MD = −0.07, 95%CI = −0.09

to −0.05, p < 0.00001), and the pulsatility index (MD = −0.10, 95%CI = −0.15 to

−0.06, p < 0.00001) of the ovarian artery. Subgroup analysis indicated a higher

ovulation ratewith stimulation ofmore than six acupoints (28%) comparedwith six or

fewer acupoints (19%); however, there was no notable association between the

number of acupoints and the pregnancy rate (22% vs. 23%). Furthermore, sensitivity

analyses confirmed the robustness of the results, while both Begg’s and Egger’s tests

indicated no significant publication bias across studies.

Conclusions: This pooled evidence from Chinese RCTs reveals that acupuncture

is a promising complementary therapy for LUFS. However, these findings might

not be generalizable outside China, and most trials exhibited deficient
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methodological reporting. Therefore, further research studies with more

rigorous designs and larger sample sizes are needed to confirm the efficacy of

acupuncture for LUFS.

Systematic review registration: www.crd.york.ac.uk, identifier CRD420251062225.
KEYWORDS

acupuncture, infertility, luteinized unruptured follicle syndrome, ovulatory disorders,
meta-analysis
1 Introduction

Infertility is a severe public health concern and affects 9% of

women worldwide (1). Between 1990 and 2021, the prevalence rates

of infertility have increased by an average of 0.68% among women

(2). In 2021, there were approximately 110 million reproductive age

women suffering from infertility in many regions (2). Notably, the

infertility prevalence was considerably high in most regions, with

12.7% in the US, 25% in China, 24.5% in Kenya, and 14.7% in

Uganda (3–5). Emerging data from the French National individual

medico-administrative database suggest that the economic burden

of infertility accumulated to €70.0 million for 10,000 women (6). On

the other hand, among 3,332 infertility-related initiatives, US $52.6

million was targeted for fundraising, of which US $22.5 million was

actually raised in the US between 2010 and 2020 (7). The World

Health Organization (WHO) has declared infertility a cause of

disability, which means that healthcare services for infertility fall

within the scope of the Convention on the Rights of Persons with

Disabilities (8). Consequently, a substantial number of countries

worldwide are establishing health policy legislations to address

infertility care (9). For example, Australia, Singapore, Iran, the

US, and the UK have established diverse public health financial

protection focused on the treatment of infertility (10).

The causes of infertility are greatly intricate, including ovulatory

disorders, endometriosis, uterine factors, and tubal occlusion,

among others (3). Of these categories, approximately 25% of

infertility has been diagnosed as ovulatory dysfunction, with most

anovulatory women suffering from luteinized unruptured follicle

syndrome (LUFS), which is characterized by mechanical

impairment of follicular rupture (preventing oocyte release)

despite the occurrence of luteinization and other endocrine

features typical of the luteal phase of the menstrual cycle (3, 11).

The incidence of LUFS in women with unexplained infertility is

approximately 25% (12). In clinical practice, the most common

treatment regimens for LUFS include ovulation induction, assisted

reproductive technology (ART), surgical approaches, and

administration of granulocyte colony-stimulating factor (G-CSF)

to improve the ovulation and pregnancy rates (13, 14). Despite their

overall effectiveness, a number of ovulation induction drugs such as

clomiphene citrate (CC) and letrozole are often associated with
02
reduced numbers of retrieved oocytes and a higher incidence of

cycle cancellations in women undergoing in vitro fertilization (IVF)

(15). G-CSF, as a novel therapy to promote oocyte release, lacks

sufficient evidence to support its widespread clinical use in LUFS

(16). In addition, a clinical study has shown that women with LUFS

often experience lower pregnancy rates with IVF (17). Therefore, it

is essential to explore appropriate and effective treatment strategies

to improve the fertility outcomes in women with LUFS.

Acupuncture, a complementary and alternative intervention,

has been widely used in the management of ovulatory dysfunction,

with supporting evidence. A previous meta-analysis including 20

studies with 1,688 participants found that acupuncture significantly

improved the pregnancy and ovulation rates and reduced the

miscarriage rates in women with ovulatory disorder infertility

(18). Leading organizations in the field, such as China

Association of Chinese Medicine, recommend acupuncture for

the treatment of ovulatory dysfunction (19). Recently, numerous

randomized controlled trials (RCTs) have been conducted to

investigate the efficacy of acupuncture in women with LUFS.

However, some of these RCTs produced conflicting results. For

instance, Zeng et al. (20) found that acupuncture intervention did

not increase the ovulation rate compared with the control group

treated with human chorionic gonadotropin (hCG). However, in

2025, Zhang et al. (21) reported dramatically enhanced ovulation

rates after acupuncture therapy. Furthermore, Sun et al. (22)

demonstrated that acupuncture treatment was associated with

increased estradiol (E2) levels, a finding contrary to that of Tang

et al. (23). These inconsistencies in previous RCT findings may have

stemmed from methodological limitations, such as relatively small

sample sizes and single-center designs, potentially limiting the

robustness of their conclusions. Therefore, this meta-analysis

specifically aimed to address the following question: Is

acupuncture therapy effective for women with LUFS?
2 Materials and methods

This study (PROSPERO registration no. CRD420251062225)

was conducted following the Preferred Reporting Items for

Systematic Reviews and Meta-Analyses (PRISMA) guidelines (24).
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2.1 Search strategy

We comprehensively searched eight databases, including

PubMed, SinoMed, Scopus, Cochrane Library, Web of Science,

China National Knowledge Infrastructure (CNKI), Wanfang, and

VIP Information, from database inception to May 3, 2025.

ClinicalTrials.gov, as an additional potential data source, was also

searched. The search strategy was performed using the following

three components: clinical condition (luteinized unruptured follicle

syndrome, unruptured follicle syndrome, and LUFS); intervention

(electroacupuncture and acupuncture); and study type (RCTs,

randomized controlled trial). The full search strategy is provided

in Supplementary Material 1. In addition, two investigators

independently screened the titles, abstracts, and full texts to assess

the eligibility of the articles. The reference lists of the retrieved

articles were also manually searched to identify additional eligible

studies. There were no geographical restrictions during the study

search. Any disagreement was resolved through discussion with the

third author, if necessary.
2.2 Inclusion and exclusion criteria

Studies were included if they met the following criteria: 1)

included women diagnosed with LUFS based on recognized

diagnostic criteria (25); 2) eligible interventions were acupuncture,

including electroacupuncture and manual acupuncture, regardless of

the needling techniques; 3) the study design is RCT evaluating the

efficacy of acupuncture for LUFS; 4) to ensure comparability, only

trials that allocated identical concomitant therapies (e.g., herbal

medicine and letrozole) to both the intervention and control arms

were included, with valid control comparators including

pharmacological interventions, sham acupuncture, waitlist controls,

routine care, and untreated groups; and 5) articles written in English

or Chinese.

The exclusion criteria were as follows: 1) participants with

reproductive tumors, intrauterine adhesion, diminished ovarian

reserve, and chromosomal abnormalities; 2) the study intervention

combined acupuncture with moxibustion or used acupoint catgut

embedding; and 3) the study is a review, an animal experiment, a

study protocol, a conference paper, a duplicate publication, or a

meta-analysis.
2.3 Data extraction and risk of bias
assessment

Two investigators independently extracted the relevant data

using standardized forms, which included the author’s last name,

the sample size, the publication year, the age of the participants, the

treatment regimen, the number of acupoints, the treatment

duration, and the outcomes. The primary outcomes were the
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ovulation rate and the pregnancy rate. The secondary outcomes

were the luteinizing hormone (LH), E2, and progesterone levels, the

resistance index (RI), and the pulsatility index (PI) of the ovarian

artery. In addition, two investigators independently examined the

quality of the studies according to the instructions in the Cochrane

Handbook (http://handbook.cochrane.org). The included RCTs

were assigned to low, high, or unclear risk of bias (RoB). Any

disagreement was resolved by consulting with the third author,

if necessary.
2.4 Statistical analysis

Review Manager 5.3 was used for meta-analysis, quality

assessment, and subgroup analysis, whereas Stata 15.1 was

utilized for publication bias analysis. For continuous outcomes

(e.g., sex hormone levels), the results were summarized using the

mean difference (MD) and standardized MD (SMD) with 95%

confidence intervals (CIs). For dichotomous outcomes (e.g., the

ovulation and pregnancy rates), the risk difference (RD) with 95%

CIs was used. Heterogeneity among studies was assessed using the

I2 statistic. Significant heterogeneity was defined as I2 > 50%. A

random-effects model was used when significant heterogeneity was

present; otherwise, a fixed-effects model was applied. Statistical

significance was defined as p < 0.05 (26). When more than five trials

were included, sensitivity analysis was conducted by systematically

excluding each study individually to assess the robustness of the

pooled results (27). Where possible and appropriate, a predefined

subgroup analysis was performed based on the number of acupoints

used per treatment (six or fewer acupoints or greater than six

acupoints). Moreover, where >10 studies were available, publication

bias was evaluated using Begg’s and Egger’s tests. A p-value >0.05

indicated the absence of publication bias.
3 Results

3.1 Included studies

The study selection process is detailed in the PRISMA flow

diagram (Figure 1), exhibiting the article selection procedure.

According to the search strategy, a total of 363 records were

identified through the screening of eight databases, and one additional

record was identified from other sources (ClinicalTrials.gov). After

removal of duplicates, 212 studies remained. Screening of the titles and

abstracts resulted in the exclusion of 190 records based on the exclusion

criteria. Full-text assessment of the remaining 22 articles led to the

exclusion of seven studies for the following reasons: 1) duplicate data; 2)

interventions combining acupuncture with moxibustion; 3) non-

randomized study design; and 4) use of acupoint catgut embedding

therapy. Ultimately, after the selection process, 15 records were retained

for qualitative synthesis.
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3.2 Study characteristics

Table 1 shows information regarding the fundamental

characteristics of all the included trials. This meta-analysis

included 15 RCTs that involved a total of 1,030 participants. The

sample size of individual trials ranged from 40 to 108. The trial and

control groups included 503 and 535 participants, respectively. All

15 trials were conducted in China between 2005 and 2025. The

participants’ ages in the trial and control groups were separately

documented in 13 trials. Two studies used electroacupuncture,

while 11 used manual acupuncture. In addition, the control

comparisons were as follows: three studies compared the efficacy

of acupuncture plus human chorionic gonadotropin (hCG) with

hCG alone; three studies compared acupuncture with hCG; five

studies compared acupuncture plus hCG plus Chinese herbal

medicine (CHM) with hCG plus CHM; one study compared

acupuncture plus CHM with CHM; one study compared

acupuncture plus hCG plus CHM plus letrozole with hCG plus

CHM plus letrozole; and two studies compared acupuncture plus

hCG plus CC with hCG plus CC. The drug dosages are documented

in Supplementary Material 2. The number of acupoints used per
Frontiers in Endocrinology 04
treatment varied from 4 to 26 acupoints. Furthermore, the

treatment duration was reported in 11 RCTs and ranged from 4

weeks to three menstrual cycles.
3.3 Risk of bias assessment

All of the included studies mentioned random sequence

generation. However, 7 of the 15 trials (20–23, 29, 34, 36) were

judged to have an unclear RoB as these trials only stated that

assignment was “random” without describing the method used to

generate the random sequence. All of the 15 studies provided

inadequate information on allocation concealment and were

therefore judged as having an unclear RoB. Due to the lack of

reported blinding of participants and personnel, all of the included

trials were judged to have a high risk of performance bias. Although

blinding of outcome assessment was not implemented in any of these

studies, they were still judged as having unclear RoB due to the

observed outcomes (e.g., ovulation rate, pregnancy rate, and sex

hormone levels) being objective measures and may not be affected by

blinding procedures. Furthermore, incomplete outcome data (attrition
FIGURE 1

Flow diagram.
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bias) were adequately addressed in four studies (21, 30, 31, 37), which

were therefore assessed as having a low RoB. There were no selective

reporting outcomes and other bias detected in these 15 studies; thus, a

low RoB was assessed (Figure 2). Detailed RoB assessment for each

study is provided in Supplementary Material 3.
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3.4 Outcome measurements

3.4.1 Primary outcomes
A total of 12 studies, encompassing 2,012 treatment cycles,

contributed data on the association between acupuncture
TABLE 1 Study characteristics.

Study Year

Sample
size (n)

Participants’
age (years)

Treatment regimen No. of
acupoints

Treatment
duration

Outcome

Trial Control Trial Control Trial Control

Feng (21) 2025 46 46 29.42 ± 5.48 28.62 ± 4.67
MA + hCG

+ CC
hCG + CC 10

3
menstrual
cycles

OR, PR, LH,
E2, RI, PI

Li (28) 2022 36 36 29.6 ± 3.4 MA + hCG hCG 8 4 weeks
PR, LH, E2,
P, RI, PI

Zhang (29) 2021 30 30 31.25 ± 2.96 31.79 ± 3.62 MA + hCG hCG 7
3

menstrual
cycles

OR, PR, LH,
E2, RI, PI

Zhang (30) 2021 20 20 27.9 ± 2.3 29.4 ± 2.4 MA + CHM CHM 4
3

menstrual
cycles

OR, RI, PI

Tang (31) 2019 30 30 30.13 ± 4.53 31.26 ± 3.87 MA + hCG hCG 26
3

menstrual
cycles

OR

Xu (32) 2018 32 33 30.15 ± 3.00 30.18 ± 3.07
MA + hCG +
CHM + LE

hCG +
CHM
+ LE

6 NA
OR, PR,
RI, PI

Zhu (33) 2018 44 44 28. 21 ± 2. 25 27. 21 ± 3. 25
MA + hCG
+ CHM

hCG
+ CHM

9
3

menstrual
cycles

OR, PR, LH,
E2, RI, PI

Tang (23) 2017 30 30 29.07 ± 4.45 28.13 ± 3.17
MA + hCG
+ CHM

hCG
+ CHM

6
3

menstrual
cycles

OR, PR, LH,
E2, P

Zeng (20) 2017 32 76 27.85 ± 3.456 27.49 ± 3.022 EA hCG 6 NA OR, PR, E2, P

Xu (34) 2017 39 37 30.41 ± 3.55 30.16 ± 3.31
MA + hCG
+ CHM

hCG
+ CHM

6 NA
PR, LH, E2,
P, RI, PI

Guo (35) 2017 30 30 33.23 ± 2.62 33.47 ± 2.21 MA hCG 8
3

menstrual
cycles

OR, PR,
RI, PI

Wang (36) 2016 45 42 30.43 ± 3.42 30.30 ± 3.21
MA + hCG
+ CHM

hCG
+ CHM

6
3

menstrual
cycles

OR, PR, LH,
E2, P

Sun (22) 2015 31 30 30.80 ± 3.6 30.9 ± 3.6
MA + hCG
+ CHM

hCG
+ CHM

7
3

menstrual
cycles

OR, PR, LH,
E2, RI, PI

Liu (37) 2011 23 21 30.48 ± 4.03 29.71 ± 3.05 MA hCG 7
3

menstrual
cycles

OR, PR,
RI, PI

Jin (38) 2005 35 30 27 ± 2.13
EA + hCG

+ CC
hCG + CC 7 NA OR
MA, manual acupuncture; EA, electroacupuncture; CHM, Chinese herbal medicine; hCG, human chorionic gonadotropin; LE, letrozole; CC, clomiphene citrate; NA, not available; OR, ovulation
rate; PR, pregnancy rate; LH, luteinizing hormone; E2, estradiol; P, progesterone; RI, resistance index; PI, pulsatility index.
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intervention and ovulation rate. After removing one trial (20)

through sensitivity analysis, the heterogeneity across studies

decreased from 70% to 42%, and the findings suggest that

acupuncture significantly increased the ovulation rate by 25%

(RD = 0.25, 95%CI = 0.21–0.30, p < 0.00001, I2 = 42%)

(Figure 3A, Table 2).
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Regarding the pregnancy rate, the pooled results from 12

studies that included 873 participants demonstrated a 22% higher

pregnancy rate in the acupuncture group compared with the control

group (RD = 0.22, 95%CI = 0.16–0.28, p < 0.00001, I2 = 0%)

(Figure 3B, Table 2). The sensitivity analysis confirmed the

robustness of the results.
FIGURE 2

Risk of bias graph.
FIGURE 3

Primary outcomes. (A) Ovulation rate. (B) Pregnancy rate.
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3.4.2 Secondary outcomes
Eight trials assessed the LH levels according to whether or not the

participants received acupuncture intervention. After excluding one

study (29) through sensitivity analysis, the heterogeneity declined

from 98% to 78%; thus, there was evidence that the LH levels

significantly increased when acupuncture was administered (MD =

3.76, 95%CI = 2.27–5.25, p < 0.00001, I2 = 78%) (Figure 4A, Table 2).

Nine studies reported the E2 levels in women with acupuncture

intervention. One study (29) was removed after sensitivity analysis,

with the heterogeneity decreasing from 44% to 12%. The pooled

SMDwas 0.47 (95%CI = 0.31–0.63, p < 0.00001, I2 = 12%), revealing

that acupuncture remarkably improved the E2 levels in women with

LUFS (Figure 4B, Table 2).

The progesterone levels were reported in six trials. Following

the removal of one study (23) in the sensitivity analysis, the

heterogeneity decreased significantly from 82% to 58%. The

pooled data from this study showed that acupuncture may

increase the progesterone levels (MD = 1.50, 95%CI = 1.09–1.91,

p < 0.00001, I2 = 50%) (Figure 4C, Table 2).

Simultaneously, statistically significant differences were detected

in both the RI (MD = −0.07, 95%CI = −0.09 to −0.05, p < 0.00001,

I2 = 59%) and PI (MD = −0.10, 95%CI = −0.15 to −0.06, p < 0.00001,

I2 = 74%) of the ovarian artery between the acupuncture group

and the control group (Figures 4D, E, Table 2). The sensitivity

analysis indicated that no single trial significantly affected the

pooled estimates.

3.4.3 Adverse events
Safety represents a paramount consideration in clinical trials.

Although adverse events (AEs) were mentioned in 6 of the 15
Frontiers in Endocrinology 07
included studies (23, 28, 31, 32, 34, 37), only one (28) provided

comparative intergroup data. Four studies (23, 32, 34, 37) reported

the absence of serious AEs during treatment. Mild nausea, vomiting,

and bruising occurred in the acupuncture groups of two studies (28,

31). Collectively, these findings demonstrate a favorable safety profile

for acupuncture in the management of LUFS.

3.4.4 Subgroup analysis
Subgroup analysis was conducted to explore the potential

influence of the number of acupoints used per treatment (six or

fewer acupoints vs. more than six acupoints) on the ovulation and

pregnancy rates. Stimulation of more than six acupoints was

associated with a significantly higher increase in ovulation rate

(28%, RD = 0.28, 95%CI 0.23 = 0.33, p < 0.00001, I2 = 41%)

compared with stimulation of six or fewer acupoints (19%; RD =

0.19, 95%CI = 0.12 0.26, p < 0.00001, I2 = 0%) per treatment course

(Figure 5A, Table 2).

In contrast, for the pregnancy rate, there was no significant

difference between stimulation of six or fewer acupoints (22%; RD =

0.22, 95%CI = 0.12–0.31, p < 0.00001, I2 = 0%) and stimulation of

more than six acupoints (23%; RD = 0.23, 95%CI = 0.15–0.31, p <

0.00001, I2 = 3%) (Figure 5B, Table 2).
3.5 Publication bias

Publication bias constitutes a critical validity issue in systematic

reviews by distorting the evidence pools and meta-analysis

estimates (39). Hence, potential publication bias was assessed

using Begg’s and Egger’s tests. For the ovulation rate outcome,
TABLE 2 Results of the forest plots for the clinical outcomes.

Clinical outcomes Studies (n) Cases (n)
RD/SMD/MD

(95%CI)
p I2 (%) Model

Primary outcomes

Ovulation rate 11 1,639 0.25 (0.21–0.30) <0.00001 42 Fixed

Pregnancy rate 12 873 0.22 (0.16–0.28) <0.00001 0 Fixed

Secondary outcomes

Luteinizing hormone 7 536 3.76 (2.27–5.25) <0.00001 78 Random

Estradiol 8 632 0.47 (0.31–0.63) <0.00001 12 Fixed

Progesterone 5 431 1.50 (1.09–1.91) <0.00001 50 Fixed

Resistance index 10 658 −0.07 (−0.09 to −0.05) <0.00001 59 Random

Pulsatility index 10 658 −0.10 (−0.15 to −0.06) <0.00001 74 Random

Subgroup analysis

Ovulation rate (≤6 acupoints) 4 683 0.19 (0.12–0.26) <0.00001 0 Fixed

Ovulation rate (>6 acupoints) 8 1,180 0.28 (0.23–0.33) <0.00001 41 Fixed

Pregnancy rate (≤6 acupoints) 5 396 0.22 (0.12–0.31) <0.00001 0 Fixed

Pregnancy rate (>6 acupoints) 7 477 0.23 (0.15–0.31) <0.00001 3 Fixed
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the p-values from the Begg’s and Egger’s tests were 0.276 and 0.144,

respectively (Figures 6A, B), suggesting no significant publication

bias. Similarly, for the pregnancy rate, the results of the Begg’s test

(p = 0.244) and the Egger’s test (p = 0.320) indicated no significant

publication bias (Figures 6C, D).
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4 Discussion

Current guidelines lack recommendations for LUFS

interventions. Therefore, numerous clinicians have been exploring

novel approaches to improve the fertility outcomes in women with
FIGURE 4

Secondary outcomes. (A) Luteinizing hormone. (B) Estradiol. (C) Progesterone. (D) Resistance index. (E) Pulsatility index.
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LUFS. Acupuncture, a promising non-pharmacological treatment

in the reproductive field, has been clarified to comprise various

mechanisms. Mounting studies have indicated that the autophagy

of ovarian granulosa cells constitutes a major cause of abnormal

follicular development and ovulation dysfunction. However,

acupuncture intervention may improve this condition by

suppressing LncMEG3 expression, thereby inhibiting the PI3K/

Akt/mTOR signaling pathway (40). Furthermore, acupuncture

may improve ovulatory dysfunction by inhibiting apoptosis of

ovarian granulosa cells through targeting miR-21-3p (41).
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Moreover, acupuncture treatment has been associated with the

regulation of the theca interna cell layer, the antral follicles,

follicle-stimulating hormone (FSH) receptor mRNA expression in

the ovary, and the circulating estrogen concentrations (42).

Interestingly, an experimental study on 11 female donkeys

reported a higher ovulation rate in the acupuncture group

(72.73%) compared with the hCG group (18.18%). This was

accompanied by increased serum progesterone concentrations

and number of colored pixel as measured by color Doppler

ultrasound (US), demonstrating the potential efficacy of
FIGURE 5

Subgroup analysis of the dose–response relationships. (A) Ovulation rate. (B) Pregnancy rate.
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acupuncture for inducing ovulation (43). Moreover, ovarian

innervation plays a vital role in promoting folliculogenesis and

ovulation. Thus, Tong et al. suggested that acupuncture might

restore ovulation by mediating the superior ovarian nerve (44).

Beta-nerve growth factor (b-NGF) critically regulates the

neuroendocrine and reproductive system. Substantial evidence

demonstrates that b-NGF can promote the differentiation of

follicular cells to luteal cells, induce the release of gonadotropin-

releasing hormone (GnRH) and LH, and trigger ovulation (45, 46).

Notably, acupuncture may promote ovulation by normalizing the

sympathetic ovarian response to NGF action (47). A previous study

focusing on the connection of acupuncture and the hypothalamic–

pituitary–gonadal axis suggested that acupuncture may decrease the

proportion of atretic follicles by enhancing the pituitary ERb
expression (48). Furthermore, clinical studies have provided

insights into the mechanisms of acupuncture for ovulatory

dysfunction, revealing its potential to induce ovulation by

modulating the cortisol and sex hormone levels, including

estrone, estrone sulfate, androsterone glucuronide, and free

testosterone (49, 50).
4.1 Main results

This meta-analysis provided evidence that acupuncture is

beneficial for improving the ovulation and pregnancy rates, as

well as modifying the sex hormones levels including LH, E2, and

progesterone, along with the RI and PI of the ovarian artery.
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Subgroup analysis suggested that stimulation of more than six

acupoints was associated with a higher ovulation rate increase

(28%) compared with stimulation of six or fewer acupoints

(19%). In contrast, the dose of acupoints stimulated showed no

significant association with the pregnancy rate increase (22% vs.

23%). Furthermore, the sensitivity analysis showed the results to be

robust and not driven by any single study. In addition, the absence

of publication bias, as confirmed by the Begg’s and Egger’s tests,

indicated the reliability of the findings. Clinically, although infertile

women with LUFS often pursue ART, challenges such as

suboptimal ovulation induction outcomes, high LUFS recurrence

rates, and low pregnancy rates pose therapeutic dilemmas (13).

Nevertheless, this meta-analysis highlighted the potential value of

acupuncture in promoting the ovulation and pregnancy rates in this

population. Furthermore, it is well established that LH and estrogen

play fundamental roles in the ovulatory cycle, and evidence suggests

that low levels of these hormones may contribute to poor ovulation

rates (51). Women with LUFS often exhibit elevated ovarian artery

RI and PI, which are well-recognized indices inversely correlated

with ovulatory function (52). This meta-analysis revealed that the

LH and estrogen levels and the RI and PI could be considerably

improved after intervention with acupuncture. Interestingly, our

subgroup analysis suggested that stimulating a higher number of

acupoints (more than six) may be associated with greater

improvements in the ovulation rate. This implied that using more

acupoints could be considered in clinical practice to optimize the

ovulation outcomes in women with LUFS. Moreover, although the

reporting of AEs is a key clinical concern, only six (23, 28, 31, 32, 34,
FIGURE 6

Publication bias analysis. Begg’s (A) and Egger’s (B) tests for the ovulation rate. Begg’s (C) and Egger’s (D) tests for the pregnancy rate.
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37) of the 15 RCTs explicitly documented AEs. Among them, four

studies (23, 32, 34, 37) reported no AEs (e.g., ovarian

hyperstimulation syndrome), while the other two (28, 31) noted

only mild AEs (i.e., bruising, nausea, and vomiting) in the

acupuncture group. Consequently, quantitative analysis of the

AEs was not feasible due to insufficient reported data.
4.2 Differences with other studies

A comparable meta-analysis (53) of women with LUFS in 2020

showed the benefits of acupuncture on the ovulation rates, the LH

and E2 levels, and the RI and PI, but no improvement in the

pregnancy rates. Our meta-analysis differs from this prior work in

several key aspects: firstly, the previous study lacked a registered

protocol and searched only six databases (up to July 2019), including

10 studies with 715 participants. In contrast, our meta-analysis

followed a pre-registered protocol, comprehensively searched eight

databases and one clinical trial database, and included 15 RCTs

involving 1,030 women with LUFS. In addition, this meta-analysis

documents comprehensive search strategies for each database,

enhancing the methodological reproducibility relative to previous

reviews. Secondly, while the previous meta-analysis pooled the results

for six outcomes from 178 sample sizes and found insufficient

evidence for an improvement in the pregnancy rate (p = 0.08), our

analysis evaluated seven outcomes and demonstrated a significant

improvement in the pregnancy rate based on data from 873

participants. We also adopted the RD statistical method to present

the results in this study. For instance, the acupuncture intervention

increased the ovulation rate by 25% and the pregnancy rate by 22%,

which may offer a more intuitive understanding of its clinical impact.

Thirdly, to our knowledge, this is the first meta-analysis to investigate

the influence of the number of acupoints used per treatment on the

primary outcomes. Our findings suggest that stimulation of more

than six acupoints may yield a greater improvement in the ovulation

rate (28%) than stimulation of six or fewer acupoints (19%), while the

dose of acupoints showed no significant association with the

pregnancy rate increase (22% vs. 23%). Lastly, we performed

sensitivity analyses and the Begg’s and Egger’s tests for publication

bias, which were not reported in the previous meta-analysis,

strengthening the robustness and reliability of our findings.

Therefore, the findings of this meta-analysis may motivate further

research into the clinical value of acupuncture for women with LUFS.
4.3 Limitations of this research

Nevertheless, several limitations warrant consideration. Firstly,

while high-quality trials on acupuncture for ovulatory dysfunction

exist outside China, e.g., in the US (54) and Sweden (55), only RCTs

conducted in China met our inclusion criteria for this specific LUFS

meta-analysis. Consequently, the generalizability of our findings to

non-Chinese populations may be limited. Secondly, although our

findings suggest that acupuncture may benefit LUFS outcomes, it is

important to note that LUFS likely has multiple etiological
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pathways. We were unable to perform subgroup analyses based

on the underlying causes of LUFS. Hence, it remains unknown

whether acupuncture exerts different therapeutic effects on LUFS

resulting from distinct etiologies. Thirdly, the methodological

reporting in many of the included studies was suboptimal, which

made the evidence quality moderate to low due to methodological

concerns. For instance, seven studies merely described allocation as

“random” without detailing the method, and no studies adequately

reported blinding procedures. As a result, this limitation may

attenuate the strength of our conclusions. Nevertheless, evidence

from open-label studies indicates an inherent RoB due to non-

blinding, and non-blinded pragmatic trials have gained increasing

endorsement in recent years for generating clinically relevant

outcomes. This preference stems from their emphasis on real-

world extrapolation and practical applicability (enhancing the

external validity) rather than solely focusing on treatment efficacy

(56). Such trial designs are particularly well suited for the evaluation

of complex, flexible interventions such as acupuncture (57). Finally,

AE reporting was insufficient. Only one study (28) provided

detailed AE rates of two groups. Therefore, quantitative synthesis

of AEs was precluded, limiting our assessment of the safety profile

of acupuncture in this context.
4.4 Implications for future research

Firstly, the efficacy and the safety of acupuncture therapy are

primary concerns in clinical practice. None of the included studies

reported protocol registration in established trial registries (e.g.,

Chinese Clinical Trial Registry); thereby, the majority likely failed

to conduct comprehensive safety assessments for the clinical trials.

Moreover, 15 studies failed to predefine AEs, which may have

contributed to the underreporting of safety outcomes. Future RCTs

should prioritize standardized reporting of AEs according to

guidelines such as CONSORT (58) in order to better characterize

the safety profile of acupuncture for LUFS, despite the suggestion of

no serious AEs in the included studies. Secondly, employing rigorous

controls, such as sham acupuncture and blinding, is crucial in future

trials to provide more robust evidence on the specific efficacy of

acupuncture. This would significantly strengthen the conclusions

drawn from such studies. Thirdly, research exploring whether the

effectiveness of acupuncture varies based on the underlying etiology

of LUFS is also needed. This would strengthen the current evidence

base. Fourthly, despite a considerable number of studies reporting the

mechanisms of acupuncture for ovulation disorders, studies directly

investigating the mechanisms of acupuncture for LUFS are relatively

scarce. Therefore, conducting dedicated mechanistic research such as

biochemical and imaging studies to elucidate the specific mechanisms

of acupuncture for LUFS is imperative in future studies. Lastly, the

association between improved ovulation rates and the use of more

than six acupoints, derived indirectly from subgroup analyses, is

suggestive, but not conclusive. Future trials should validate this

exploratory finding by stratifying participants into cohorts that

either had more than six acupoints or had six or fewer acupoints

to assess potential dose–response relationships.
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5 Conclusion

The current evidence from Chinese RCTs suggests that, in women

with LUFS, acupuncture intervention increases the ovulation rate by

25% and the pregnancy rate by 22%. Interestingly, this meta-analysis

provided evidence that stimulation of more than six acupoints may be

associated with a greater improvement in the ovulation rate compared

with stimulation of six or fewer acupoints. However, further rigorously

designed multi-country trials and sham-controlled RCTs are needed

to confirm these findings and to establish the clinical value of

acupuncture for LUFS.
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