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Abstract

Background Increasing studies focused on the efficacy of acupuncture on pregnancy outcomes in patients

with polycystic ovary syndrome (PCOS) undergoing in vitro fertilization-embryo transfer (IVF-ET). However, debatable
conclusions have been drawn from different randomized controlled trials (RCTs), which might be related to different
doses of acupuncture.

Objective To evaluate whether acupuncture has a dose-dependent effect on pregnancy outcomes in patients
with PCOS undergoing IVF-ET in systematically reviewing.

Methods Seven electronic databases were searched from inception to October 10th, 2024. The Cochrane Collabora-
tion’s tool ROB 2.0 (ROB 2.0) provided an assessment for the risk of bias. The acupuncture dose was extracted, then
categorized into high, medium, and low dose according to the scoring system results, the evidence was assessed

by Slavin's qualitative best-evidence synthesis approach in a rigours methodological way. Clinical pregnancy rate
(CPR) was regarded as the primary outcome.

Results A total of 953 subjects met the eligibility criteria in 12 RCTs were included, among which two studies were
low dose, four were medium dose, and six were high dose. The overall quality of included studies was low, 50.00%
(6/12) studies were low risk, 16.67% (2/12) studies were some concerns, and 33.33% (4/12) studies were high risk.
Comparing the results, the consistent high-dose result among high-quality trials provides strong evidence for a posi-
tive correlation between high-dose acupuncture and pregnancy outcomes.

Conclusion A trend indicates that higher acupuncture doses yield better outcomes for PCOS patients undergoing
IVF-ET. Further confirmation through direct comparisons of different doses was needed.
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Trial registration The systematic review has been registered on PROSPERO (https://www.crd.york.ac.uk/prospero/),

and the registration number is CRD42023400187.

Keywords Acupuncture therapy, Acupuncture treatment dose, Polycystic ovary syndrome (according to ICD-10

manual), Systematic review, Pregnancy rate

Background

Polycystic ovary syndrome (PCOS) characterized by
metabolic disorder affecting women of childbearing age,
is estimated at 6% to 10% [1] worldwide. Clinical symp-
toms encompass oligomenorrhea, amenorrhea, acne,
and infertility in approximately 72% of cases [2]. In vitro
fertilization-embryo transfer (IVF-ET) is a significant
approach, chosen by 20% of PCOS patients [3]. Never-
theless, IVE-ET success rates for PCOS patients remains
only 29% [4, 5]. Acupuncture, a fundamental compo-
nent of traditional Chinese medicine, is garnering global
recognition for its safety and efficacy in treating a wide
range of diseases [6, 7] Acupuncture therapy has promis-
ing effects in promoting ovulation, improving high-qual-
ity embryo rate and endometrial receptivity by regulating
the hypothalamic-pituitary-ovarian axis (HPOA) [8, 9],
and finally achieving higher opportunity of pregnancy
outcomes. Previous studies have suggested the essen-
tial role of the acupuncture dose—effect relationship in
its therapeutic efficacy [10] as demonstrated in various
non-gynecological conditions, including knee osteo-
arthritis, primary insomnia, and depressive disorders
[11-13]. However, the dose-dependent relationship in
PCOS patients undergoing IVF-ET remains unclear. This
study endeavors to comprehensively collect and analyze
all related RCTs to determine whether exhibit a dose-
dependent effect on improving pregnancy outcomes in
PCOS patients undergoing IVF-ET in systematic analysis
and provide evidence for clinical treatment and further
research in the future.

Methods and design

Study registration

The systematic review has been registered on PROS-
PERO (https://www.crd.york.ac.uk/prospero/, registra-
tion number: CRD42023400187). We conducted this
review according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines [14].

Search strategy

Seven databases were searched, including EMbase (via
Ovid), Medline (via Ovid), Cochrane Library (via Ovid),
China National Knowledge Infrastructure (CNKI), Wan-
Fang database (WF), Chinese Science and Technology

Periodical Database (VIP), and Chinese Biological Medi-
cine (CBM), and retrieved from inception to October
10th, 2024. Besides, language was restricted to English
and Chinese. The search strategy was built on the rule
of combining subject words with free words, and it was
modified according to the different characteristics of
each database. The details are shown in Supplementary
Material S1.

The inclusion criteria

(1) Participants: Women diagnosed with PCOS according
to the 2003 Rotterdam criteria [15] and receiving IVE-ET
without restrictions of race, region, and education level.
(2) Interventions: Traditional acupuncture or electroa-
cupuncture on the verum acupoints or meridians was
selected as the main adjuvant treatment. (3) Compari-
son: Sham acupuncture (SA) or placebo, medications, no
adjuvant treatments, or the same acupuncture therapy
with different doses compared with the intervention
group. (4) Outcomes: The primary outcome was Clini-
cal pregnancy rate (CPR). Clinical pregnancy is defined
with [16] fetal heartbeat, fetal bud, or placenta in the 5th
week after ET by transvaginal ultrasound Secondary out-
comes were performed to access other pregnancy-related
outcomes (biochemical pregnancy rate [BPR], ongoing
pregnancy rate [OPR], live birth rate [LBR]),endometrial
thickness, and the high-quality embryo rate (HQER). (5)
Study design: only RCTs presented in English or Chinese
were included.

The exclusion criteria

(1) Systematic retrospective studies, quasi-randomized
trials, animal experiments, case reports, and conference
abstracts. (2) Unavailable in the full text. (3) Duplicate
data. (4) Acupuncture treatment was not the only varia-
ble between groups. (5) No corresponding outcome indi-
cators were included. It was excluded if one of the above
criteria was met.

Data extraction and methodological quality

Selection of studies

All identified studies were imported to the NoteExpress
software Version 3.0 (Aegean Music Technology Co, Bei-
jing, China) to eliminate duplicate studies. The reviewers
(JJL and XYT) independently read the abstract, title, and
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keywords to further select potentially eligible article. The
reviewers resolved discrepancies through discussion, the
third reviewer (LH) was involved if they were not solved
after discussion. If necessary, contact the corresponding
author to obtain the missing information.

Data extraction and management

The two reviewers (YTL and CLL), accessed study eligi-
bility based on Reporting Interventions in Clinical Trials
of Acupuncture (STRICTA) criteria [17] and extracted
data referring to the predesigned extraction form, which
included the following information: (1) Characteristics of
baseline participants (age, sample size, and.....); (2) Inter-
vention and control groups (stimulation style, duration,
and frequency, needle retention time, number of acu-
points); (3) Outcomes (specific values for primary and
secondary outcomes and P versus 0.05, adverse events).
Dissertations and journal articles with the same data
were considered together for data extraction. If it could
not reach a consensus, another reviewer (HY) was con-
sulted and a decision was made by majority vote.

Assessment of risk of bias in included studies

We used the Cochrane Collaboration’s tool ROB 2.0
[18, 19] to access the risk of bias, which evaluates five
domains: (1) Randomization process; (2) Deviations
from the intended interventions; (3) Missing outcome
data; (4) Measurement of the outcome; (5) Selection of
the reported result. Overall low risk when all domains
were labeled as low risk, and overall high risk or some
concerns if at least one domain was noted as high risk
or some concerns. Two reviewers (XYT and YTL) inde-
pendently accessed and then cross-checked at the end.
In cases of disagreement, the two reviewers discussed
the issues to reach a consensus. If consensus couldn’t be
reached, a third reviewer (HY) was consulted.

Assessment of acupuncture treatment

The four criteria were presented to calculate the dose
[20]: (1) The number of acupoints at each treatment; (2)
De qi response; (3) Frequency of treatments per week;
(4) The duration of treatments. Each of the four param-
eters was individually scored as either high or low dose
based on specific criteria: (1)>10 acupoints; (2) having
de qi response; (3) Frequency was>4 per week; (4) The
duration of treatments was>2 menstrual cycles. The
high dose was scored+1, the low dose was -1. Then,
the high (range 2 to 4), medium (score -1 to 1), and low
dose (range -4 to -2) groups were calculated by total of
each parameter. Two reviewers (CLL and XYZ) inde-
pendently scored each parameter, and a third reviewer
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(JJL) categorized the results as high, medium, or low. The
reviewers were blinded to each other.

Outcome synthesis and analysis

Outcomes were considered valid if there was a significant
difference (P<0.05) between the acupuncture and con-
trol groups. Positive outcomes were defined as the inter-
vention group having significant better results than the
control group. Slavin’s qualitative best-evidence synthesis
approach was applied to solve the heterogeneity [21]. The
approach categorized evidence into four level (strong,
moderate, limited, inconclusive) based on the quality and
results of the included studies. Details shown in Supple-
mental Material S2.

Results

Search results

A total of 608 studies were retrieved according to a pre-
set search strategy.136 duplicated studies were excluded,
359 studies were out of including criteria after screening
the titles and abstracts. After an independent full-text
review, 102 studies were excluded, 12 [22-33] studies
for further analysis. The reasons for exclusion and the
screening process are shown in Fig. 1.

Characteristics of the eligible studies

Twelve eligible RCTs with 953 participants were pub-
lished between 2009—2022 and conducted in two
countries (11 in China and 1 in Iran). Four trials were
conducted by the same research team. Two trials were
designed in four-arm trials, and we extracted only the
groups that met the criteria. Among these acupoints, the
top three most frequently mentioned were Guanyuan
(CV4), Zigong (EX-CA1), and Sanyinjiao (SP6), details
of frequency can be found in Supplemental Material S3.
In the high-dose studies, the total number of acupoints
ranged from 10 to 15, in the medium-dose studies from 6
to 10, and in the low-dose studies from 6 to 8. The inter-
vention was varied, such as manual acupuncture (MA)
[26-31], electro-acupuncture (EA) [22, 23, 25, 32, 33],
or EA with standard therapies [24]. Most of the control
group received no acupuncture [22, 23, 26—33], with one
studies comparing with the SA [25], and another study
applied only standard therapies [24]. De gi response was
found in all trials. Regarding the frequency of treatment,
once daily was the most common, followed by once
every other day, two studies was twice a week and only
one study was three times a week. All studies uniformly
adopted specific time points as their reference points for
treatment initiation and conclusion within the IVF-ET
process. This approach resulted in ambiguity in quan-
tifying the duration of treatments due to the variability
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Fig. 1 The PRISMA flow diagram of study selection process

in IVF-ET protocols among patients. One study [31]
received acupuncture intervention within the menstrual
cycle, while two studies [26, 27] had three menstrual
cycles of acupuncture before starting IVF-ET. Six studies
[22, 23, 29, 32, 33, 28]conducted treatment procedures
in the menstrual cycle before and also during controlled
ovulation hyperstimulation (COH) until the HCG day.
Two studies [24, 25] implemented acupuncture ther-
apy within the COH cycle until the day of egg retrieval.
Notably, only one study [30] performed a total of five
acupuncture sessions separately at the start of down-reg-
ulation, the start of stimulation, two days before oocyte
retrieval, and before and after embryo transfer (ET) day.
All the characteristics we summarized in Table 1.

Correlation between acupuncture dose and efficacy

Two studies [25, 30] evaluating the effects of acupunc-
ture on pregnancy outcomes were low-dose, with a total
parameter sum of -2; and another four studies [22, 23,
32, 33] were moderate dose, with a total parameter sum

of 0. Six [24, 26-29, 31] studies were high-dose, and the
results indicated that acupuncture was more effective
for pregnancy outcomes (Tables 2 and 3). The consist-
ent high-dose result among high-quality trials provides
strong evidence for a positive correlation that high-dose
acupuncture and pregnancy outcomes. The negative and
positive results distribution was summarized in Table 4.
All trials observed CPR outcomes, with Three [27, 28, 31]
studies reporting LBR, seven [23-26, 30, 32, 33] report-
ing HQER, seven [26-29, 31-33] reporting endometrial
thickness, three [27, 29, 30] reporting BPR, two [29, 30]
studies reporting OPR, and Five [22, 24, 29, 30, 32] stud-
ies reporting MR. There were 100.00% (6/6) of the high-
dose group, 0.00% (0/4) of the medium-dose group, and
50.00% (1/2) of the low-dose group showed positive CPR
outcome.

Risk of bias assessment
The results of ROB 2.0 were displayed in Table 5. There
were 50.00% (6/12) of studies assessed as low risk,
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Table 2 The specific results of the scoring system

Study Primary outcome
CPR Sum
High dose
Wu 2022 [31] + 4
Altutunji 2019 [29] + 2
Xing 2022 [27] + 2
Wu 2021 [26] + 4
Ye 2020 [28] + 2
Guo 2022 [24] + 2
Moderate dose
Chen 2009 [23] - 0
Li 2015 [22] 0
Li 2012 [32] - 0
Li 2009 [33] - 0
Low dose
Rashidi 2013 [30] - -2
Li 2011 [25] - -2

LD low dose, MD moderate dose, HD high dose, CPR Clinical pregnancy rate
+: Between-group differences were statistically significant (P<0.01, P<0.05)

-: Between-group differences were no statistically significant (P> 0.05)

16.67% (2/12) studies were some concerns, and 33.33%
(4/12) studies were high risk. The considerable draw-
backs were the randomized process, the blinding set-
tings, and the selective reporting outcomes. There was
one study for some concerns and three studies for high
risk in domain 1, one study was considered as some
concerns in domain 2, one study was rated as high risk
in domain 3, four studies were regarded as some con-
cerns, and one for high risk in domain 5.

Table 3 The specific results of the scoring system
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Discussion

We conducted a systematic review comprising 12 RCTs
involving 953 participants to identify if acupuncture indi-
cates dose-dependent efficacy. Six trials were regarded as
low risk of bias, two as some concerns, and four as high
risk. According to the results, the six high-dose studies
showed a significant inclination towards a strong asso-
ciation with improved pregnancy outcomes in PCOS
patients undergoing IVF-ET. However, this is only a pre-
liminary conclusion based on the existing evidence. More
relevant future RCTs are warranted to provide evidence
or directly compare different doses to substantiate our
conclusions.

In this systematic review, Guanyuan [CV4], Zigong
[EX-CA1], Sanyinjiao [SP6] were the high frequency
acupoints. Anatomically, the nerves responsible for the
uterus, ovaries, and fallopian tubes predominantly origi-
nate from the eleventh thoracic nerve to the second lum-
bar nerve (T11—L2) and from the second to the fourth
sacral nerve (52—S4) [31]. The ganglionic innervation of
these three acupoints (CV4, EX-CA1, and SP6) is pre-
cisely within this segmental range. It’s evident that these
high-frequency acupoints coherent with the distribution
of nerves connected to reproductive function, with mul-
tiple segments of afferent nerves overlapping, potentially
forming the neurological basis for a synergistic effect
[32]. This multi-pathway, multi-link, multi-target neuro-
endocrine network regulates the female reproductive
endocrine system, thus reducing the cycle cancellation
rate and improving IVF success rates [33, 34].

All the intervention group protocols emphasized
inducing the De gi response, patients described De gi as
sensations of soreness, heaviness, fullness, numbness,
and warmth [34]. De gi response is generated when

Parameter values

Auther Points needled De gi responses Frequency of treatment The total number of treatment sum
sessions
Wu 2022 [31] 1 1 1 1 4
Rashidi 2013 [30] -1 1 -1 -1 -2
Altutunji 2019 [29] 1 1 1 -1 2
Chen 2009 [23] -1 1 1 -1 0
Li 2015 [22] -1 1 1 -1 0
Xing 2022 [27] 1 1 1 1 2
Wu 2021 [26] 1 1 1 1 4
Ye 2020 [28] 1 1 1 -1 2
Li 2011 [25] -1 1 -1 -1 -2
Guo 2022 [24] 1 1 1 -1 2
Li2012[32 -1 1 1 -1 0
1

]
Li 2009 [33]
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Table 5 Risk of bias of included studies
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Deviations from
intended interventions

Randomization
process

Selection of the
reported result

Measurement of
the outcome

Missing
outcome data

Li2011 [25]

Li 2015 [22]

Wu 2021 [26]

Xing 2022 [27]

Wu 2022 [31]

Rashidi 2013 [30]

Altutunji 2019 [29]

Guo 2022 [24]

Ye 2020 [28]

Chen 2009 [23]

Li2012[32]

Li 2009 [33]

~ ~ ‘. ™ ~ ..."‘

00O0O-00O0-0O :
<
o
S

. Low risk

7 Someconcerns

‘ High risk

the needle insertion and manipulation create tension
in the muscle fibers, triggering mast cell degranula-
tion and accompanied with electrical signal transporta-
tion and biochemicals’ secretion to achieve the disease
treatments [35-37]. Sham needling, a common control
group setup in acupuncture studies, involves shallow or
no skin punctures and does not elicit the same discom-
fort as De gi sensation [38]. The efficacy of acupuncture
is generally determined by comparing the outcomes of
the two group. Therefore, although De gi sensation is a
subjective experience, it is also an objective therapeutic
requirement of manipulation. This specific sensation is
a key factor contributing to the efficacy of acupuncture

and how to objectively quantify it needs to be further
explored. Inadequate treatment courses can diminish
the desired therapeutic effect. The duration of high-
dose studies was 2—3 menstrual cycles. Prior studies
have shown follicular growth spans approximately 3
to 4 months, and acupuncture can be beneficial when
administered during the early stages of follicular devel-
opment [30, 39]. This specific timeframe aligns with
the treatment timing and duration of high-dose stud-
ies, further supporting the rationale that infertile
PCOS patients benefit from extended interventions.
Moreover, we also found that the dose effect was in fact
related to the baseline characteristics of the study. In
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general, all high-dose trials were related to positive preg-
nancy outcomes. Unexpectedly, there was one exception
of positive pregnancy outcomes with low-dose interven-
tions. The characteristics of this low-dose study were the
number of acupoints < 10 acupoints, frequency <4 times
per week; and duration < one menstrual cycle. The final
score was -2, placing it within the low-dose range (-4 to
-2). We hypothesized the reasons for this negative out-
come by analyzing participants’ characteristics, offering
innovative insights for future clinical practice. The mean
age of participants was 28 years, and infertile duration
was 3.0+ 1.9 years, the baseline age was the youngest
among all included studies. However, the aging uterus
decreased ovarian reserve, and oocyte quality are key
contributors to the aged-associated decline in fertility
[40, 41]. Acupuncture may be particularly effective in
younger patients with higher fertility, and these indi-
viduals might achieve improved pregnancy outcomes
with low-dose interventions. Subsequent studies may
consider enrolling infertile women of different ages and
then respectively apply low, medium, or high dose acu-
puncture interventions to verify whether low-dose inter-
ventions were effective in young women. If results are
favorable, optimization of clinical acupuncture protocols
can serve the dual purpose of cost savings for patients
while maximizing therapeutic efficacy.

Generally, study quality was low. In ROB.2.0, domain-1,
domain-2, and domain-5 had considerable problems. In
domain 1, the randomization was mentioned, but with-
out detailing the method. In domain 2, the study failed
to explain why there was a large difference in patient
numbers between intervention and control groups.
Moreover, one study failed to report all pre-established
outcomes, and four studies rated some concerns for inad-
equate reporting about protocols and registration. These
problems were prevalent in RCTs, future studies should
employ rigorous experimental designs and provide more
detail to reduce the risk of bias. Altogether, there were no
direct comparisons about different doses, so this is only a
narrative review of the extant indirect comparison, wher-
ever possible, the effect of varying doses was compared
within the same study may be more apparent.

To the best of our knowledge, this is the first review to
comprehensively assess the relationship between preg-
nancy outcomes and acupuncture dose in PCOS patients
undergoing IVF-ET from four aspects. We employed a
four-parameters system, which was referential and fea-
sible, drawing from previously published dose-related
research, Chinese clinical experience and empirical data
[20, 42]. The scoring results were verified by sensitiv-
ity analysis to reduce arbitrariness. To make the scoring
criteria appropriate to the pregnancy-related study, we
modified them according to the female characteristics and
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IVE-ET protocols. We still predetermined CPR as the pri-
mary outcome while the fact that the LBR is a visual pre-
dictor of pregnancy outcomes. The number of included
studies reporting LBR was considerably lower than those
reporting CPR, implying that CPR would allow for a
larger dataset for analysis. Moreover, clinical pregnancy,
being a practical and clinically relevant measure, approxi-
mates the ultimate live birth outcome [43, 44]. Our study
covered a wide range of pregnancy-related outcomes, and
both endometrial thickness and HQER, critical factors
in IVF-ET success [45], providing more comprehensive
perspectives and improving reliability. However, there
were still several shortcomings. First, only the studies in
the English and Chinese databases were screened due to
language limitations, which may have resulted in inad-
equate inclusion. Second, because some studies did not
specify the total number and frequency of treatments, we
only infer an approximate range based on the descriptions
of different IVF-ET protocols, which might lead to bias
in our statistics. Therefore, adherence to STRICTA [17]
requirements for reporting details and providing explicit
evidence for dose-related studies is crucial. Third, the
number of relevant studies we searched was limited, and
the insufficient sample size may have impacted our sta-
tistics, so we conclusively state that there is a trend that
high-dose acupuncture is consistently linked to better
pregnancy outcomes. Fourth, Polycystic ovary syndrome
(PCOS) is classified into four phenotypes according
to Rotterdam criteria: A (sparse ovulation or anovula-
tion [OA]+ clinical manifestations of hyperandrogenism
and/or hyperandrogenemia [HA]+ovarian polycystic
changes [PCO]), B ([OA] +[HA]), C ([HA]+[PCO]), and
D ([PCO] +[OA]) [46, 47]. All included studies diagnosed
PCOS based on two out of three criteria: amenorrhea or
oligomenorrhea, polycystic ovaries, and hyperandrogen-
ism, without specifying the phenotype. including a popu-
lation that met the Rotterdam criteria without explicitly
limiting the subjects’ phenotype prevented us from
exploring the relationship between acupuncture dose and
phenotype in detail. Lastly, our study is a narrative analy-
sis that simply described and analyzed the relationship
without figuring out an optimal acupuncture dose range.
The Network meta-analysis (NMA) tool may compensate
for this limitation.

Conclusion

Overall, this dose—effect review suggested an upward
trend where higher acupuncture doses appear to improve
pregnancy outcomes in PCOS patients undergoing IVE-
ET. However, definitive conclusions are challenging to
draw due to the absence of direct comparisons and the
limited sample size, the exact quantitative-effectiveness
relationship remains to be further clarified.
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