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Objective: To determine the effect of acupuncture in treating poor ovarian
response (POR).

Methods: We searched MEDLINE (via PubMed), EMBASE, Allied and
Complementary Medicine Database, CNKI, CBM, VIP database, Wanfang
Database, and relevant registration databases from inception to January 30,
2023. In this review, both Chinese and English peer-reviewed literature were
included. Only randomized controlled trials (RCTs) using acupuncture as an
intervention for POR patients undergoing in vitro fertilization were considered.

Results: Seven clinical randomized controlled trials (RCTs) were eventually
included for comparison (516 women). The quality of included studies was
generally low or very low. For the meta-analysis, seven studies showed that
compared with controlled ovarian hyperstimulation (COH) therapy, acupuncture
combined with COH therapy could significantly increase the implantation rate
(RR=2.13, 95%CI [1.08, 4.21], p=0.03), the number of oocytes retrieved
(MD=1.02, 95%Cl [0.72, 1.32], p<0.00001), the thickness of endometrium
(MD=0.54, 95%Cl [0.13, 0.96], p=0.01), and the antral follicle count (MD=1.52,
95%Cl [1.08, 1.95], p<0.00001), reduce follicle-stimulating hormone (FSH) levels
(MD=-1.52, 95%ClI [-2.41, -0.62], p=0.0009) and improve estradiol (E,) levels
(MD=1667.80, 95%Cl [1578.29, 1757.31], p<0.00001). Besides, there were
significant differences in the duration of Gn (MD=0.47, 95%Cl [-0.00, 0.94],
p=0.05) between the two groups. However, no statistical variation was observed
in improving clinical pregnancy rate (CPR), fertilization rate, high-quality embryo
rate, luteinizing hormone (LH) value, anti-mullerian hormone (AMH) value, or
reducing the dose of gonadotropin (Gn) values between the acupuncture plus
COH therapy group and the COH therapy group.

Conclusion: Acupuncture combined with COH therapy is doubtful in improving
the pregnancy outcome of POR patients. Secondly, acupuncture can also
improve the sex hormone level of POR women, and improve ovarian function.
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Furthermore, more RCTs of acupuncture in POR are needed to be incorporated
into future meta-analyses.

Systematic review registration: PROSPERO, identifier CRD42020169560.
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Introduction

Poor ovarian response (POR) is a pathological condition
characterized by a low ovarian response to controlled ovarian
stimulation (I, 2). Among women who receive controlled ovarian
hyperstimulation (COH), the incidence of POR has reached 9%-
24% (3). Several studies indicated that only 33%-40% of women
receiving in vitro fertilization-embryo transfer (IVF-ET) achieve a
clinical pregnancy (4), whereas the clinical pregnancy rate
(CPR) for POR patients is approximately 2%-18% (5). The
high occurrence of POR hampers the success of assisted
reproductive technology.

POR is mainly manifested as fewer follicles during COH, a
lower blood estrogen peak, a higher dose of gonadotropin (Gn), a
higher cycle cancellation rate, fewer oocytes, and a lower CPR (6).
Growing evidence demonstrated that POR is directly associated
with women’s age (1, 7, 8). Advanced age is one of the most
important causes of POR (9). With age, the number of follicles in
the ovary gradually decreased, the quality of oocytes decreased, and
the ovarian response to Gn decreased (2, 10, 11), affecting female
pregnancy outcomes. For patients with POR risk factors and a POR
diagnosis, the key to the success of first-cycle and multi-cycle
stimulation are the accurate evaluation of ovarian reserve
function and the adoption of a tailored ovarian stimulation
protocol (12). The gonadotropin-releasing hormone (GnRH) long
protocol, GnRH short protocol, or GnRH antagonist protocol (13)
were selected based on how well the patient’s ovarian reserve
functioned and how long it had been since their last ovulation
cycle. IVF-ET has completely changed how infertile couples are
treated, but its success rate is not as good as it could be. Due to the
complexity of the clinical situation and the high cost of treatment,
some couples are also looking for subsidies or alternative therapies
to improve the effectiveness of IVF-ET treatment.

Acupuncture has been widely used in IVF-ET and has made
some progress in improving the clinical outcomes in terms of
pregnancy (14-17). Clinical practice has shown that acupuncture
can benignly regulate the secretion function of the hypothalamus-
pituitary-ovarian axis and hypothalamus-pituitary-adrenal axis in
patients with POR (18-20), to promote the secretion of Gn tend to
be normal, as well as to improve the ovarian reserve function and
oocyte quality. Several studies (21) have also confirmed that
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transcutaneous electrical acupoint stimulation (TEAS) can
improve ovarian blood supply and ovarian responsibility in
patients with POR. However, whether acupuncture-assisted
treatment of POR can improve the CPR of IVF-ET patients has
always been controversial (22, 23). Although there has been a review
(22) on the effectiveness of acupuncture in patients with POR, the
effectiveness of acupuncture is doubted due to the small number of
studies, poor quality, and few outcome indicators. Therefore,
acupuncture used as an alternative therapy in POR patients
during IVF-ET needs to be evaluated comprehensively
and systematically.

This review provided clinicians with more precise data on the
effectiveness of acupuncture for POR patients during COH in the
context of IVF as well as identified areas where further evaluation
is necessary.

Method

The review was registered at PROSPERO. All contents and
report details were strictly referred to as Preferred Reporting Items
for Systematic Reviews and Meta-analyses (PRISMA) (24).

Search strategy

Several databases have been searched such as MEDLINE (via
PubMed), EMBASE, Allied and Complementary Medicine
Database, CNKI, CBM, VIP database, and Wanfang Database
from their inception to January 30, 2023. And we also searched
four clinical trial registries: Menstrual Disorders and Subfertility
Group Specialized Register, Cochrane Central Register of
Controlled Trials, World Health Organization International
Clinical Trials Registry Platform, Chinese Clinical Registry, and
Clinical Trials. Both Chinese and English literature were
embedded. The search strategy was constructed by subject
words and free words, such as “poor ovarian response”, “poor
ovarian responder”, and “controlled ovarian hyperstimulation”.
The search words in the databases were adjusted according to the
specific database. The search strategies were shown in
Supplementary Material.
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Inclusion criteria

We included RCT's evaluating the efficacy of acupuncture for
POR. The diagnostic criteria of POR were not limited but identified.
Subjects were women with POR receiving IVF. There were no
restrictions on the age or race of enrolled subjects. All POR patients
were required to receive acupuncture during IVF.

Acupuncture therapy included hand acupuncture, auricular
acupuncture, TEAS, electroacupuncture, acupoint embedding, and
acupoint injection. We excluded studies comparing the effects on
different types of acupoints or forms of acupuncture. There was no
limit to the duration of intervention for treatment, but it should be
recorded in detail.

The following outcomes for acupuncture treating POR
were included.

1) Primary outcome
CPR.
2) Secondary outcome

Other indicators of pregnancy outcome: Fertilization rate,
number of oocytes retrieved per woman, high-
quality embryo rate, implantation rate, thickness of
endometrium, and cycle cancellation rate

Index for reproductive endocrinology: the value of follicle-
stimulating hormone (FSH), luteinizing hormone (LH),
estradiol (E,), antral follicle count (AFC), anti-mullerian
hormone (AMH), dose and duration of Gn used for COH.

3) Adverse effect

Miscarriage rate.

Data selection and collection

Two independent authors (LYL and WW) screened the titles and
abstracts of the searched studies after excluding duplication. Excluded
studies listed the reasons for exclusion in the table of Microsoft Excel
2016. Any disagreement between two authors was arbitrated by
another author (RRW). The following items of included trials were
extracted by two authors independently into a predefined data
extraction sheet: general information (article ID author list, year of
publication, title, journal name), the methodology of included trials
(participant demographics, eligibility criteria, interventions, controls,
follow-up measurement), outcomes measurement.

Study risk of bias assessment

We generated risk of bias maps using Review Manager
(RevMan, version 5.3). The Cochrane risk of bias assessment tool
(25) was used to assess the six risk of bias entries in the included
literature. The content included the generation of random
sequences generation, allocation concealment, blinding of
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participants and personnel, blinding of outcome assessment,
incomplete outcome data, selective reporting, and other biases.
Each entry could be classified into “low risk”, “unclear” and “high
risk” 3 levels. The above results were cross-checked by two
independent authors (LYL and WW), and RRW arbitrated the
disagreement that existed.

We used the Grading of Recommended Assessment
Development and Evaluation (GRADE, Grade Pro version 3.6.1)
(26) to assess the quality of the evidence, which was categorized as
high, moderate, low, and very low. The GRADE grading reduced
the limitations of each study from high quality if any of the
following limitations were present (1): design limitations (2);
inconsistent results (3); evidence of indirectness (4); imprecision
(5); reporting bias.

Data analysis

Meta-analysis was performed by RevMan version 5.3. Study
heterogeneity was assessed as the Cochran Chi-square test and I-
square (I?) statistic (27, 28). I* < 50% statistics or the P-value>0.01
was defined as low heterogeneity (29). When possible, we used a
random-effects model for meta-analysis. For dichotomous
variables, a risk ratio (RR) with 95% Confidence Intervals (CIs)
was used. The continuous outcomes were represented by the mean
difference (MD) of 95% CI. We combined studies that had the same
form of acupuncture intervention and the same controls. Due to the
small number of included studies and limitations in study quality,
we did not perform a subgroup analysis. The funnel plot did not
apply to this study because of the small number of included
literature (30). For studies whose outcomes could not be
combined, we performed a description for individual studies.

Results
Search results

We identified 115 potentially relevant records from seven
databases and four clinical trial registries, of which 101 articles
remained after the removal of duplicates. After screening the titles
and abstracts, 85 papers were excluded for at least one of the
following reasons: case report or review (23 papers), not researching
the study of POR (56 papers), not researching the study of IVF (1
paper), animal study (4 papers), and acupuncture was not an
intervention (1 paper). By reading the full text, a total of 9 studies
were excluded for the following reasons: four with the wrong
intervention or comparator (31-34); two with diagnostic criteria
unclear (35, 36); one lack of basic information (37); one missing
outcome data (38); and one did not group according to random
result (39). Ultimately, seven eligible studies remained for this
systematic review (40-46). The PRISMA flowchart of the
screening process is shown in Figure 1.
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Records identified through
database searching (n=115)
CBM=59; CNKI=18; Embase=3;
PubMed=34; Wanfang=1; VIP=0

Identification

Additional records identified
through other sources (n=0)

I

|

\

Records after duplicates
removed
(m=101)

Screening

\ 4

Records screened
(m=101)

Records excluded on the basis of title and abstract (n=85):
e Notrelated POR (n=56)
Not related IVF (n=1)
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4

Full-text articles assessed
for eligibility
(n=16)

\
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Not related acupuncture (n=1)
Animal study (n=4)
Review (n=23)

Full-text articles excluded (n=9):
e RCT with wrong intervention or comparator (n=4)
Incomplete basic information (n=1)

\ 4
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Studies included in
this review

(0=7)

FIGURE 1
PRISMA flow diagram of the present study.

Study characteristics

The basic characteristics of the included studies are shown in
Table 1. The seven included studies were published from 2009 to
2022. A total of 516 participants were enrolled in this review,
with sample sizes ranging from 23 to 109 for each study. Six (40,
41, 43-45, 47) studies were conducted in China and only the
other study was conducted (42) in South Korea. In two studies
(40, 45) were master’s theses, one study (47) was a doctoral
dissertation, and the remaining four (41-44) were journal
articles. Besides, among these seven articles, six studies (40, 41,
43-45, 47) were published in Chinese, and the other one (42) was
published in English. Diagnostic criteria for POR are clear in all
seven articles, one article (44) utilized the POR diagnostic of
Poseidon, and three articles (42, 45, 47) utilized the POR
diagnostic consensus developed by the European Society of
Human Reproduction and Embryology (ESHRE) in Bologna,
and the clear POR diagnostic consensus of the other three
articles (40, 41, 43) was also given.

As for acupuncture manipulation, manual acupuncture (42, 44,
45, 47), electroacupuncture (41), and TEAS (40, 43) were involved.
In addition, the outcomes of the included studies varied, including
CPR (40, 41), fertilization rate (40-45, 47), the number of oocytes
retrieved per woman (40-45, 47), high-quality embryo rate (40, 41,
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Diagnostic criteria are unclear (n=2)
Missing outcome data (n=1)
Not grouped according to random result (n=1)

43-45, 47), implantation rate (40, 41), the thickness of
endometrium (40, 41, 44), cycle cancellation rate (40, 41, 43, 47),
FSH (40, 43, 45, 47), LH (40, 41, 43, 45, 47), E, (40, 41, 45), AFC (40,
42, 43), AMH (42), dose of Gn (40, 44, 47), duration of Gn (40, 44,

47), miscarriage (41), etc.

Quality of studies

Figure 2 demonstrated the risk of bias in each study in this
review. The quality of the included studies was generally low or very
low. Five studies (41, 42, 44, 45, 47) identified random methods, and
another two studies (40, 43) did not mention a specific
randomization scheme. Besides, two studies (42, 45) applied
allocation concealment. None of the studies mentioned the
blinding of participants or investigators. Incomplete outcomes
data were deemed to carry a low risk of bias for all the studies
except for that by Chen (2011) (40). Outcomes were also not
selectively reported in seven studies (40-45, 47). Lastly, seven
studies (40-45, 47) were free of other biases. We assessed the
evidence of outcome indicators in this meta-analysis to be
generally of low or very low quality based on GRADE, owing to
the high risk of bias and high heterogeneity. CPR as a primary
indicator for evaluating pain was no high-quality evidence. The
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TABLE 1 Basic information of RCTs included.

10.3389/fendo.2023.1028853

Study = Country Study Sample Intervention Diagnostic criteria Acupoint Acupuncture
(year) Design;  Size; Group (A); stimulation
Control Group (B) duration
Yang China RCT 109 (A) (A) Acupuncture plus The Poseidon standard group CV4, K112, CVe, 30min
(2022) 32.06 COH therapy (n=50); 3 BL23, CV3, ST36,
+2.89; (B) COH therapy SP6, LR3, KI3
(B) 3140 | (n=59)
+3.00
Zhu China RCT 86 (A) (A) Acupuncture plus The Bologna criteria GV20, LI4, CV4, 30min
(2021) 34.25 IVE (n=42); (B) IVE ST36, SP6, LR3,
£3.05; | (n=44) KI6
(B) 35.53
+3.42
Kim Korea RCT; 23; (A) (A) Acupuncture plus The Bologna criteria CV3, CV4, EX- NR
(2021) 37.88 COH therapy (n=12); CALl, SPe, KI3,
+3.87; (B) COH therapy SP10, ST36, LR3
(B) 40.00 | (n=11)
+3.83
Zhou China RCT; 66; (A) (A) Acupuncture plus The Bologna criteria (1) GV24, L4, 30min
(2019) 34.67 COH therapy (n=33); LR3, CV4, ST36;
+4.85; (B) COH therapy (2) GV20, BL18,
(B) 34.58 (n=33) BL20, BL23
+4.00
Qiu China RCT 92 (A) 29.6; (A) TEAS plus COH Diagnosed POR in (1) or (2) & = EX-CAl, GV4, NR
(2012) (B)29.8 | therapy (n=45); (B) (3) or (4) BL23, SP6, ST36,
COH therapy (n=47) (1) Number of oocytes CV4, ST25, SP10,
retrieved<5; GV3
(2) Number of mature
follicles<2~5 on the hCG
injection day;
(3) Gn used over 17 days and
the daily dose of Gn>300IU;
(4) The total dose of Gn used
in a single ovulation induction
cycle=3500I1U
Chen China RCT; 80; (A) 37.1 (A) TEAS plus COH Diagnosed POR in any of the CV4, CV3, SP6, 30min
(2011) +5.32; therapy (n=40); (B) following two EX-CAL, ST25,
(B) 36.6 COH therapy (n=40) (1) Number of bilateral BL23, GV3, GV4
+4.65 AFC<5;
(2) bFSH=10IU/L at least
twice; or FSH/LH>3.6;
(3) Age=35 years;
(4) History of pelvic surgery
Chen China RCT; 60; (A) (A) Diagnosed POR in (1) or (2) & | CV4, KI3, EX- 30min
(2009) 34.33 Electroacupuncture (3) or (4) or (5) CAl, SP6, CV3,
+2.71; plus COH therapy (1) Serum E,<1835 pmol/L on LR3
(B) 34.60 | (n=30); (B) COH the hCG injection day;
+2.38 therapy (n=30) (2) Number of AFC<4;
(3) Total dose of exogenous
Gn: the total dose of Gn used
in a single ovulation induction
cycle=3300U;
(4) Daily dose of Gn=300U;
(5) Gn used over 15 days
during ovulation induction

RCT, randomized controlled trials; COH, controlled ovarian hyperstimulation; AMH, anti-mullerian hormone; AFC, antral follicle count; MD, mean difference; CI, confidence Intervals; RR, risk
ratio; NR, not reported; FSH, follicle-stimulating hormone; LH, luteinizing hormone; E,, estradiol; TEAS, transcutaneous electrical acupoint stimulation; CPR, Clinical pregnancy rate; Gn,

gonadotropin; POR, poor ovarian response.
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FIGURE 2

Risk of bias summary.

summary findings of various interventions were conducted
(see Table 2).

Results of meta-analysis

Primary outcome

CPR was the primary outcome, and it was measured in two
trials (40, 41). Acupuncture plus COH therapy could improve CPR,
but there was no significant difference compared with COH therapy
alone (p>0.05, Figure S2).

Secondary outcome
Other pregnancy outcomes
Fertilization rate

The fertilization rate of the acupuncture plus COH therapy
group and the COH therapy group were compared in the seven
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trials (40-45, 47). Only Zhou’s study (45) (p<0.01) and Chen et al.
study (2009) (41) (p<0.05) showed that the fertilization rate of the
treatment group was significantly higher than that in the control
group. Besides, Zhu’s study (47) found that the number of
fertilization and the fertilization rate of acupuncture plus IVF
group were comparable to those of the IVF group, and the
difference was not statistically significant (p>0.05). The other
four studies (40, 42-44) showed that there was no significant
difference in fertilization rate between the intervention group and
the control group (p>0.05). The specific information is shown
in Table 3.

Number of oocytes retrieved

The number of oocytes retrieved in the acupuncture plus COH
therapy group and COH therapy group was recorded in seven
studies (40-45, 47). Meta-analysis implied that the number of
oocytes retrieved was significantly higher in the acupuncture
group (MD=1.02, 95%CI [0.72, 1.32], p<0.00001, Figure 3A). The
I* of this result showed high heterogeneity. A sensitivity analysis
was conducted, in which one study at a time was removed and the
others analyzed to estimate whether the results could have been
affected markedly by a single time. The analysis showed the stability
of the result.

High-quality embryo rate

Six studies (40, 41, 43-45, 47) reported high-quality embryo
rates. A total of 6 studies evaluated 469 registered participants.
Two studies (40, 44) showed no significant difference between
the intervention group and the control group. The remaining
four studies (41, 43, 45, 47) showed that the high-quality embryo
rate of the intervention group was significantly higher than that
of the control group. The specific information is shown
in Table 3.

Implantation rate

Two studies (40, 41) reported the implantation rate of the
acupuncture plus COH therapy group and the COH therapy group.
The random effect model showed that the implantation rate of the
acupuncture plus COH therapy group was higher than that of the
COH therapy group (RR=2.13, 95%CI [1.08, 4.21], p=0.03,
Figure 3B), and the results were statistically significant between
the two studies.

Thickness of endometrium

Three studies (40, 41, 44) compared the thickness of
endometrium between the acupuncture plus COH therapy
group and the COH therapy group. The random effect model
showed that the thickness of endometrial of the acupuncture
plus COH therapy group was significantly higher than that of the
COH therapy group (MD=0.54, 95%CI [0.13, 0.96],
p=0.01, Figure 3C).

Cycle cancellation rate

Four studies (40, 41, 43, 47) reported the cycle cancellation rates
between the two groups. Compared with the control group, the
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TABLE 2 Quality of evidence based on GRADE.

Outcome Indicators (No. of Comparisons)

Result Summary

10.3389/fendo.2023.1028853

No. of Participants Effect Measurement (95% Cl) Quality of
. . Evidence
Intervention Group = Control Group = Relative Absolute Effect
Effect
Acupuncture plus COH therapy plus COH therapy
CPR 58 54 RR 1.59 - ®POO
(2 comparisons of 2 RCTs) (0.80, 3.17) Low ® ¢
Fertilization rate - - Not - DPDHO
(7 comparisons of 7 RCTs) estimate Moderate *
Implantation rate 60 56 RR 2.13 - [21:]ele)
(2 comparisons of 2 RCTs) (1.08, 4.21) Low * ¢
Cycle cancellation rate - - Not - @000
(4 comparisons of 4 RCTs) estimate Very Low ™ © ¢
High-quality embryo rate - - Not - P00
(6 comparisons of 6 RCT's) estimate Low * ¢
Miscarriage rate 30 30 RR 0.67 - SO000
(1comparisons of 1 RCT) (0.20, 2.26) Very Low ™ © d
Number of oocytes retrieved 238 249 - MD 1.02 [21:]ele)
(7 comparisons of 7 RCTs) (0.72, 1.32) Low *®
FSH 157 164 - MD -1.52 [&]e]e]e]
(4 comparisons of 4 RCTs) (-2.41, -0.62) Very Low * b.c
LH _ - - Not ®&000
(5 comparisons of 5 RCTs) estimate Very Low * b,
E, 93 89 - MD 1667.80 ®O00
(3 comparisons of 3 RCTs) (1578.29, 1757.31) Very Low boed
AFC 90 97 - MD 1.49 BSPp0O0O
(3 comparisons of 3 RCTs) (1.04, 1.95) Low *®
AMH 8 10 - MD 0.08 SPOO
(1comparisons of 1 RCT) (-0.29, 0.45) Low ¢
Dose of Gn 122 129 - MD -19.68 ®O000
(3 comparisons of 3 RCTs) (-164.22, 124.87) Very Low * © d
Duration of Gn 122 129 - MD 0.47 ®PO0O
(3 comparisons of 3 RCTs) (-0.00, 0.94) Low ® ¢
Thickness of endometrium 110 115 - MD 0.54 ®D00
(3 comparisons of 3 RCTs) (0.13, 0.96) Low * ¢

“Download one level for serious risk of bias: included studies that did not conduct the blinding method, and unclear risk of bias in one or two domains. Downgraded one level for serious
inconsistency: interventions of included studies inconsistent, or the outcome indicators exist statistical heterogeneous. Downgraded one level for serious indirectness: this outcome index cannot

directly represent the therapeutic effect of acupuncture on POR patients. Downgraded one level for serious imprecision: very small sample size.

cycle cancellation rate of the intervention group had a decreasing
trend, but the difference was not statistically significant in these four
studies (40, 41, 43, 47) (p>0.05, Table 3).

Index for reproductive endocrinology

FSH

Four studies (40, 43, 45, 47) reported FSH values of 321
participants in the acupuncture plus COH therapy group and the
COH therapy group. The random effect model showed that the FSH

Frontiers in Endocrinology

value of the acupuncture plus COH therapy group was significantly
lower than that of the COH therapy group (MD=-1.52, 95%CI
[-2.41, -0.62], p=0.0009, Figure 4A).

LH

Five studies (40, 41, 43, 45, 47) reported LH values in the
acupuncture plus COH therapy group and the COH therapy group.
Five studies (40, 41, 43, 45, 47) all showed no significant difference
in the regulation of LH between the intervention group and the
control group (p>0.05). The specific information is shown
in Table 3.
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TABLE 3 Outcome indicators included in RCTs.

Yang 2022

Zhu 2021 Kim 2021

Zhou 2019

Qiu 2012

10.3389/fendo.2023.1028853

Chen 2011

Chen2009

Primary CPR (%) RR 1.71, 95%CI, RR 1.50, 95%ClI,
outcome [0.59, 4.99], [0.61, 3.69],
p>0.05 >0.05
Second Fertilization RR 1.08, 95% RR 1.03, p>0.05 = RR0.97,95% = MD 11.32, 95% RR 1.03, RR 0.90, 95%CI, | RR 1.18, p<0.05*
outcome rate (%) CI, [0.96, 1.20], Cr, [0.71, CI, [0.59, 22.05], | p>0.05 [0.77, 1.05],
p>0.05 131], p>0.05  p<0.05* p>0.05
Number of MD -0.42, 95% MD 0.34, 95% MD 1.45, MD 1.81, 95%CI, | MD 2.71, MD 1.09, 95% MD 0.20, 95%
oocytes CIL, [-1.11, CIL, [-0.71, 95%CI, [0.60, 3.02], 95%ClI, [2.12, | CI, [0.27, 1.91], CI, [-0.42, 0.82],
retrieved (n) | 0.27], p>0.05 1.39], p>0.05 [-0.08,298],  p<0.05* 3.30], p<0.05* | p<0.05* p>0.05
p>0.05
High-quality RR 0.98, 95% MD 17.65, 95% MD 18.99, 95% RR 1.06, RR 0.89, 95%CI, RR 1.41, p<0.05*
embryos rate | CI, [0.89, 1.07], | CIL [5.74, CI, [3.83, 34.15], | p<0.05* [0.68, 1.17],
(%) p>0.05 29.56], p<0.01* p<0.05* p>0.05
Implantation RR 1.91, 95% RR 2.28, 95%ClI,
rate (%) CI, [0.63, [0.96, 5.44],
5.79], p>0.05 p<0.05%
Thickness of MD 0.20, 95% MD 1.20, 95% MD 0.05, 95%
endometrium CI, [-0.40, CI, [0.40, 2.00], CI, [-0.03, 0.13],
(mm) 0.80], p>0.05 p<0.05% p>0.05
Cycle MD 0.66, 95% RR 0.62, RR 0.60, 95%ClI, RR 0.67, 95%CI,
cancellation CI, [0.24, 1.84], p>0.05 [0.11, 3.36], [0.12, 3.71],
rate (%) p>0.05 p>0.05 p>0.05
Index for FSH (IU/L) MD -0.96, 95% MD -1.79, 95% MD -1.05, MD -1.79, 95%
reproductive CI, [-2.81, CI, [-3.36, -0.22], 95%CI, CI, [-3.36, -0.22]
endocrinology 0.89], p>0.05 p<0.05* [-3.00, 0.90],
p<0.05%
LH (IU/L) p>0.05 MD -0.54, 95% MD 0.00, MD -0.86, 95% MD 0.13, 95%
CI, [-2.23, 1.15], 95%ClI, CI, [-2.43, 0.71], CI, [-0.19, 0.45],
p>0.05 [-0.84, 0.84], p>0.05 p>0.05
p>0.05
E, (pmol/L) MD 1678.71, MD 2176.74, MD 915.53, 95%
95%ClI, [1588.40, 95%ClI, [190.66, CI, [199.50,
1769.02], p<0.05* 4162.82], 1631.56],
p<0.05% p<0.05%
AFC (n) MD -0.47, MD 1.76, MD 1.08, 95%
95%CI, 95%CI, [1.23, CI, [0.10, 2.06],
[-2.44, 1.50], 2.29], p<0.05* | p>0.05
p>0.05
AMH (ng/ MD 0.08,
mL) 95%CI,
[-0.29, 0.45],
p>0.05
Dose of Gn MD -24.78, MD -20.37, MD 11.55, 95%
(I0) 95%ClI, 95%CI, CI, [-396.11,
[-191.42, [-434.37, 419.21], p>0.05
141.86], p>0.05 | 393.63], p>0.05
Duration of MD 0.61, 95% MD -0.03, 95% MD 0.44, 95%
Gn (day) CIL, [-0.04, CIL, [-1.35, CI, [-0.36, 1.24],
1.26], p>0.05 1.29], p>0.05 p>0.05
Adverse effect | Miscarriage RR 0.67, 95%CI,
rate (%) [0.20, 2.26],
p>0.05

CPR, Clinical pregnancy rate; FSH, follicle-stimulating hormone; LH, luteinizing hormone; E,, estradiol; AMH, anti-mullerian hormone; AFC, antral follicle count; Gn, gonadotropin; MD, mean
difference; CI, confidence Intervals; RR, risk ratio.
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A
Acupuncture plus COH therapy COH therapy Mean Difference Mean Difference
Study or Mean % Cl IV, Fixed, 95% CI
Chen 2009 4.2 1.42 30 4 098 30 235% 0.20[-0.42,0.82] .
Chen 2011 3.97 1.74 30 288 14 26 132% 1.09(0.27,1.91]
Kim 2021 275 1.91 8 13 125 10  3.8% 1.45[-0.08,2.98) 1
Qiu 2012 4.86 1.53 45 215 1.32 47 26.2% 2.71[2.12,3.30) =
Yang 2022 3.89 2.35 50 4.31 0.87 59 18.9% -0.42[-1.11,0.27) =1
Zhou 2019 6.03 3.03 33 422 1.85 33 6.1% 1.81(0.60,3.02)
Zhu 2021 4.59 25 42 425 246 44 82% 034[-0.71,1.39) ¥
Total (95% Cl) 238 249 100.0% 1.02[0.72, 1.32] >
Heterogeneity: Chi* = 59.23, df = 6 (P < 0.00001); I = 90% 7 ! 0 ; 2
Testforoverall effect: 2= 6.65.(P £.0.00007) Favours [ Ac plus COH therapy] Favours [COH therapy]
B
Acupuncture plus COH therapy ~ COH therapy Risk Ratio Risk Ratio
_Study or Events Total Events Total Weight M-H, Fixed, 95% Cl| M-H, Fixed, 95% Cl
Chen 2011 9 53 4 45 41.6% 1.91[0.63, 5.79] =
Chen 2009 14 48 6 47  58.4% 2.28(0.96, 5.44] L
otal /o .0% . .08, 4.
Total (95% ClI) 101 92 100.0% 213[1.08,4.21 -
Total events 23 10
Heterogeneity: Chi? = 0.06, df = 1 (P = 0.80); I = 0% '001 01 1 1'0 100‘
Test for overall effect: Z = 2.17 (P = 0.03) Favours [ Ac plus COH therapyl] Favours [COH therapy]
C
Acupuncture plus H therapy H therapy Mean Difference Mean Difference
coil col iffe iff
Study or Mean Total Mean SD Total Weight IV, Fixed,95%Cl 1V, Fixed, 95% Cl
Chen 2009 89 1.1 30 84 21 30 24.4% 0.50[-0.35, 1.35] =
Chen 2011 10.9 1.67 30 97 14 26 27.1% 1.20(0.40, 2.00] - T
Yang 2022 103 14 50 101 1.8 59 485% 0.20(-0.40,0.80] =
Total (95% CI) 110 115 100.0% 0.54 [0.13, 0.96]
B
Heterogeneity: Chi? = 3.82, df = 2 (P = 0.15); I* = 48% A B 2 a
Test for overal effect: 2 = 2.55 (P = 0.01) Favours [Acupuncture plus COH therapy] Favours [COH therapy]
FIGURE 3

Forest plot of the acupuncture plus controlled ovarian hyperstimulation (COH) therapy and the COH therapy. (A) Forest plot for the number of
oocytes retrieved of random effect model. (B) Forest plot for the implantation rate of random effect model. (C) Forest plot for the thickness of

endometrium of random effect model.

E>

E, value was reported in 3 studies (40, 41, 45).
results showed that the E, of the acupuncture plus
group was significantly higher than that of the COH

(MD=1667.80, 95%CI [1578.29, 1757.31], p<0.00001, Figure S3).

AFC
Three studies (40, 42, 43) reported AFC in

acupuncture plus COH therapy group was significantly

Meta-analysis
COH therapy
therapy group

(1.04, 1

AMH
both groups.

higher than that in the COH therapy group (MD=1.49, 95%CI

.95], p<0.00001, Figure 4B). Besides, it was found that

Kim et al. study (42) caused high heterogeneity after
sensitivity analysis.

Only one study (42) reported the AMH values of the

The random effect model showed that the AFC in the acupuncture plus COH therapy group and the COH therapy
A
Acupuncture plus COH therapy COH therapy Mean Difference Mean Difference
leight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Chen 2011 9.88 3.28 37 11.97 4.81 40 23.8% -2.09(-3.92,-0.26] "
Qiu 2012 8.51 5.01 45 956 452 47 20.9% -1.05(-3.00, 0.90] sl
Zhou 2019 7.32 249 33 911 388 33 322% -1.79(-3.36,-0.22) b
Zhu 2021 8.17 4.7 42 913 4.02 44 231% -0.96[-2.81,0.89) 7
Total (95% Cl) 157 164 100.0% -1.52 [-2.41, -0.62] -
Heterogeneity: Chi* = 1.06, df = 3 (P = 0.79); ! = 0% g g 5 % 5
Testfor.overall efect: 2:.3.33 (P.20.0009) Favours [Acupuncture plus COH therapy] ~Favours [COH therapy]
B
Acupuncture plus COH therapy COH therapy Mean Difference Mean Difference
Study or Mean Total Mean SD Total Weight IV, Fixed, 95% Cl 1V, Fixed, 95% Cl
Chen 2011 6.73 251 37 565 1.79 40 19.7% 1.08[0.10, 2.06] =
Kim 2021 5.13 1.89 8 56 237 10 4.9% -0.47[-2.44, 1.50] —
Qiu 2012 5.01 1.02 34 325 154 68 75.4% 1.76[1.26, 2.26] —
Total (95% Cl) 79 118 100.0% 1.52[1.08, 1.95] >
Heterogeneity: Chi* = 5.58, df = 2 (P = 0.06); I = 64% 34 _‘2 0 2
Test for overall effect: Z = 6.83 (P < 0.00001) Favours [Acupuncture plus COH therapy] Favours [COH therapy]
C
Acupuncture plus COH therapy COH therapy Mean Difference Mean Difference
Study or Mean % Cl 1V, Fixed, 95% Cl
Chen 2011 8.9 163 30 846 142 26 34.7% 0.44[-0.36, 1.24] -T™
Yang 2022 10.71 1.92 50 10.1 1.46 59 52.5% 0.61[-0.04, 1.26] -
Zhu 2021 9.22 269 42 925 352 44 12.7% -0.03 [-1.35, 1.29]
Total (95% CI) 122 129 100.0% 0.47 [0.00, 0.94) o

Heterogeneity: Chi? = 0.73, df = 2 (P = 0.69); I* = 0%
Test for overall effect: Z = 1.95 (P = 0.05)

FIGURE 4

Favours [Acupuncture plus COH therapy]

-4

-2

0 2 4
Favours [COH therapy]

Forest plot of the acupuncture plus controlled ovarian hyperstimulation (COH) therapy and the COH therapy. (A) Forest plot for FSH of random
effect model. (B) Forest plot for AFC of random effect model. (C) Forest plot for the duration of Gn of random effect model.
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group. The random effects model showed no significant difference
in AMH levels between the two groups (p>0.05, Table 3).

Dose and duration of Gn

Three studies (40, 44, 47) reported the dose and duration of Gn
in then acupuncture plus COH therapy and COH therapy groups.
The random effects model showed no significant difference in the
dose of Gn between the two groups (MD=-19.68, 95%CI [-164.224,
124.87], p>0.05, Figure S4). But the duration of Gn in the
intervention group was significantly higher than that in the
control group (MD=0.47, 95%CI [0.00, 0.94], p=0.05, Figure 4C).

Adverse effect

Miscarriage rate

Only one study (41) reported miscarriage rates in the
acupuncture plus COH therapy group and the COH therapy
group. The results showed that there was no difference in the
miscarriage rate between the two groups (p>0.05, Table 3).

Discussion

This review included 7 studies (516 POR patients) and
investigated the effectiveness of acupuncture on patients with
POR through meta-analysis. Compared with the previous
systematic review (22), we updated the dates of relevant studies
and added outcome indicators. Finally, 7 different studies (40-46)
were included. Due to the limitations of treatment methods, there
was no literature reporting blinding, resulting in higher
heterogeneity. This study found that acupuncture could improve
the ovarian function of POR patients to a certain extent. The
evidence grade for the outcome indicators of this study was
mostly low or very low. Due to the limitations of treatment
methods, it was not clear whether allocation concealment is
adopted during the research process, inconsistent intervention
measures taken in the included studies, and too few samples lead
to higher heterogeneity and ultimately lower evidence levels.

A previous study (36) indicated that electroacupuncture before
transplantation could significantly improve CPR, which is different
from our results. We found that acupuncture treatment could not
improve the CPR between the two groups (RR=1.59, 95%CI [0.80,
3.17], p=0.19, Figure S2). It might because CPR was reported in only
two studies (40, 41), resulting in too few samples (n=112) to
produce convincing results. Our meta-analysis also found
acupuncture could increase the number of oocytes retrieved by
POR women undergoing IVF, and increase the implantation rate
and the thickness of endometrium, to prepare for the successful
implantation of fertilized oocytes. And Lian et al. (48) confirmed
that acupuncture can increase the number of retrieved oocytes in
POR women, improve fertilization rate, and promote local blood
circulation of the uterus and ovary, thereby improving clinical
efficacy, which is consistent with our findings. However, whether
acupuncture is effective for POR women’s fertilization rate and
high-quality embryo rate has not yet been clarified. For this result,
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expanding the sample size and setting up more rigorous
experiments for further research is suggested.

Regarding sex hormones, our results showed acupuncture could
considerably decrease FSH levels. Research (39) found that
acupuncture could significantly reduce FSH levels in patients with
POR and positively regulate basal endocrine levels. Besides, studies
(14, 18, 19, 49) found acupuncture could activate aromatase, benign
adjust the reproductive axis, promote the generation of
neuropeptide Y, improve the local blood flow of the ovary, and
improve the utilization efficiency of estrogen, which also pointed
out that acupuncture improved the reproductive system by
inhibiting the increase of FSH and LH to improve ovarian
response as well.

In addition, the results of this study showed that the
acupuncture group could significantly increase AFC, but did not
have any advantages in improving AMH. Studies (50, 51) have
shown that AMH and AFC are the most reliable and accurate
predictors of POR, which can reflect the ovarian reserve of POR
women. The decrease of AFC in adult women might be related to
age (52), race (53-55), genetic (56), and smoking (57) etc. And the
decrease in the reserve function of the ovaries was characterized by
a decrease in pregnancy rate, an increase in the rate of miscarriage,
and a decrease in the rate of simultaneous live births (58).
Therefore, it was necessary to find a treatment that can increase
AFC. Studies (59-61) have shown that acupuncture, traditional
Chinese medicine or acupuncture combined with medicine
can effectively improve AFC, thereby improving ovarian
reserve function.

Before 2010, there were no clear diagnostic criteria for POR
internationally. In 2011, the ESHRE and the American Society for
Reproductive Medicine (ASRM) discussed and formulated the
Bologna Consensus of POR (1), which is currently widely
accepted diagnostic criteria in most countries. In 2016, the
POSEIDON Group proposed a new POR standard, the Poseidon
Standard (12). However, only three researches (42, 45, 46) included
in this study used the Bologna Consensus in this study, one study
(44) used POSIDON diagnostic, resulting in differences in the
diagnostic criteria of POR, which may affect high heterogeneity.
Therefore, it is recommended that more studies use uniform
diagnostic criteria to reduce the differences between studies.
Besides, there are studies also confirming that advanced age (9,
62) is an important factor causing infertility in POR women. Some
studies (63, 64) only use AMH as the prediction of ovarian function,
but since AMH peaked during puberty and then decreased with age,
its change is closely related to age. Therefore, we believe that the
combination of age and the AMH may have a better predictive
value. It is recommended that more studies use uniform diagnostic
criteria to reduce the heterogeneity between studies and improve
the evidence level of the results.

Different acupuncture strategies, acupuncture time points,
and acupuncture frequency might be important factors affecting
the results as well. Studies have shown that increasing the number
of acupuncture can improve uterine blood flow (65), increase
serum cortisol and prolactin (66), and improve IVF pregnancy
outcomes (67). Wang et al.’s (68) research also confirmed that
acupuncture at different time points would produce different IVF
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clinical pregnancy results. But for the acupuncture treatment
plan, timing, frequency, and other aspects of POR, there is still no
consensus. Therefore, in clinical trials, these factors that affect
should be paid attention to and differences between studies
should be reduced.

Limitations and conclusion

In summary, acupuncture is a safe and effective method to
improve POR and has great potential in regulating sex hormone
levels, and improving ovarian reserve. However, the heterogeneity
among the included studies had an impact on the results, especially
in acupuncture treatment, acupoint selection and acupuncture
techniques. Some studies did not follow up the patients for a long
time, and did not mention indicators such as PCR and live birth
rate, which made it impossible to make statistics. In the future, more
relevant variables need to be added to improve the data, verify the
effectiveness of acupuncture in the treatment of POR, and provide
more possibilities and references for future clinical research
and practice.
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