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Abstract

Background: The evidence of acupuncture for in vitro fertilization (IVF) remains debatable. Objectives: To evaluate the

efficacy of acupuncture on embryo transfer in women undergoing IVF. Search Strategy: PubMed, MEDLINE, Web of Science,

EMBASE, CENTRAL, Wanfang, Chinese National Knowledge Infrastructure, VIP were searched up to 6 September 2021.

Selection Criteria: Randomized controlled trials (RCTs) of acupuncture evaluating IVF’s effects were included. Data Collection

and Analysis: Clinical pregnancy rate (CPR) and live birth rate (LBR) were quantitatively summarized by the random-

effect model. Variations in pooled estimates were examined by subgroup analyses and I2 was measured to quantify statistical

heterogeneity. Main Results: Forty-nine eligible RCTs representing 9422 women undergoing IVF for pregnant success were

identified. Pooled CPR and LBR showed a significant difference between acupuncture and control groups (odds ratio [OR]=1.65,

95% confidence interval [CI]: 1.45 to 1.88; OR=1.34, 95% CI: 1.08 to 1.66). Subgroup analysis showed a benefit of traditional

acupuncture for women aged < 35 years (CPR: OR=1.57, 95% CI: 1.23 to 2.03; LBR: OR=1.34, 95% CI:1.23 to 1.48), treatment

with ? 3 sessions (CPR: OR=2.37, 95% CI: 1.46 to 3.85; LBR: OR=1.99, 95% CI:1.52 to 2.60), and lower baseline control

group rates of CPR (CPR: OR=2.14, 95% CI: 1.22 to 2.13; LBR: OR=2.23, 95% CI:1.07 to 4.62). Heterogeneity across studies

were found (CPR: I2=47.4, p <0.001; LBR: I2=62.9, p <0.001). Conclusions: Although benefits of acupuncture in CPR and

LBR among IVF women existed, no robust associations were found and which might be limited by the heterogeneity of current

evidence

Introduction

Infertility is an important public health issue and approximately from 9% to 18% of couples worldwide
suffering from infertility (1-3). For achieving pregnancy, in vitro fertilization (IVF) has become a widespread
treatment option. Despite many recent technological advances, the average success rate of IVF was only
36% reported by the Centers for Disease Control and Prevention of USA at 2016 (4). Acupuncture has been
used as an attractive and most frequently adjuvant therapy based on its low side-effects and convenience (5).
A study conducted in USA showed that 22% couples had used acupuncture (6). However, evidence from
acupuncture in improving IVF birth outcomes still remains a matter of debate.

Since the first randomized clinical trial (RCT) was published in 1999 (7), nearly 50 RCTs have emerged to
explore acupuncture’s impact on IVF outcomes. However, the conclusions in inconclusive. Even if many
systematic reviews and meta-analyses still revealed both positive effects (8-15) and negative benefits of
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. acupuncture assisting IVF success (16-24). Different searching databases and literature selection criteria
may partly contribute to the unconfirmed results. For example, some analyses (11, 14, 16, 17) just included
English language literature. Several analyses did not cover all the acupuncture types or control (12, 14,
22). In addition, most of meta-analyses considered clinical pregnancy rate (CPR) as a primary outcome and
neglected the live birth rate (LBR). LBR was an accepted primary outcome in IVF trials (25, 26) and its
related results need to be further updated. The conflicted results might be not due to the ineffectiveness
of acupuncture but rather to the methodological flaws confound acupuncture IVF RCTs. Therefore, taken
together with the continuously added new evidence, this study aimed to evaluate the impact of acupuncture
on IVF outcomes for both CPR and LBR based on RCTs by conducting a comprehensive literature covered
English and Chinese involving all common acupuncture methods.

Methods

Literature search

PubMed, MEDLINE, Web of Science, EMBASE and Cochrane Register of Controlled Clinical Trials (CEN-
TRAL) were searched to obtain articles addressing the effect of acupuncture on the outcomes of IVF-ET
published up to 6 September 2021. Medical Subject Headings (MeSH) terms and free text terms were com-
bined to screen for potentially relevant studies in PubMed, the detailed search algorithm will be slightly
modified and used in several other databases (Appendix S1). In addition, some Chinese databases such
as the Wanfang Databases, Chinese National Knowledge Infrastructure (CNKI), the VIP databases and
SinoMed were used to collect related studies in China.

Other potentially relevant papers were also identified by cross-referencing. The present study complied with
the preferred reporting items for systematic reviews and meta-analyses (PRISMA) guidelines 6 (Table S1
).

Inclusion criteria

The inclusion criteria were as follows: (1) RCTs that evaluated the IVF’s effects for women; (2) articles
were published in English or Chinese; (3) pregnant data could be directly extracted or calculated from
the original article; (4) any type of acupuncture was accepted, including traditional acupuncture (TA),
electrical acupuncture (EA), warm acupuncture (WA), auricular acupuncture (AA), laser acupuncture (LA),
transcutaneous electrical acupoint stimulation (TEAS) and others. However, if there were one or above
treatments together with acupuncture in treatment group, the other treatments between intervention and
control group should be the same. No treatment, sham or placebo acupuncture, active control including
Western medicines, dietary supplements or lifestyle interventions were all allowed.

If the study was reported in duplication, the version firstly published or provided more detailed information
was included. Studies with male factor infertility, review articles, animal studies, abstracts and case reports
were excluded.

Data extraction

All of the potentially relevant literature were reviewed independently by two investigators and consensus
was reached on all of the items. Any disagreements were resolved by discussion or with involvement of
a third review author. CPR (presence of at least one gestational sac or fetal heartbeat, confirmed by
transvaginal ultrasound) and LBR (a baby born alive after 24 weeks gestation) were the primary outcomes,
and the secondary outcomes were ongoing pregnancy rate (OPR, pregnancy beyond 12 weeks of gestation,
as confirmed by fetal heart activity on ultrasound),miscarriage rate (MR) and adverse events related to
acupuncture. The following information was also needed: first author and published year, sample size, age
of the study participants, acupuncture sessions or timing.

Assessment for risk of bias

2
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. The potential methodological biases were assessed using the Risk of Bias (RoB) tool that evaluated seven
parameters (27). Each item of every trial was categorized as “high risk (H)”, “unclear (U)”, or “low risk
(L)”. If two of the domains were rated as high, the study was considered to be at high risk of bias.

Statistical analysis

Meta-analyses were carried out using STATA Meta-Analysis (V2.0, Biostat, Englewood, NJ, USA). The
RoB graph was drawn by Review Manager 5.3 (Cochrane Collaboration Software, RevMan). The measure
of treatment effect was calculated by the pooled odds ratio (OR) with 95% confidence intervals (CI) with
random effects models. Intention-to-treat (ITT) analysis would be used when available. The number of trials
in meta-analysis might not always be 49, because the included studies had multiple treatment or control
types and the meta-analysis was undertaken based on each comparison.

Subgroup and meta-regression analyses were predefined with respect to age of participants (<35 or [?]35 years
(28) ), different acupuncture types, type of control (no treatment or sham/placebo control), acupuncture
timing (two types were categorized: type A, the acupuncture was performed around the time of ET (embryo
transfer), which referred to the acupuncture treatment performed before and after ET (29); type B, before
the ET); geographical origin of the study (Asian or not Asian), whether or not RIF (repeated IVF failure),
acupuncture sessions (1, 2 or more than 3 sessions). Otherwise, the clinical characteristic previously was
found to benefit trials with lower baseline pregnancy rates (20, 30), therefore, the stratified analysis was
conducted by the pregnancy rate of no treatment group. Sensitivity analyses were also conducted to explore
the robustness of the pooled effects of included studies: (1) restricting CPR results to the studies which
simultaneously reporting LBR; (2) limiting the studies with low risk of bias; (3) deleting the studies whose
primary outcome was not to evaluate the effects of acupuncture on pregnancy rates from IVF.

Heterogeneity was assessed using the I 2 test. Publication bias were shown by a funnel plot and assessed by
the Egger weighted regression methods (p < 0.05 was considered statistically significant).

Results

Search results

The selection process was presented in Figure S1 . The initial search identified 1742 articles. After
duplicate articles removed, 1018 were screened. Based on the title and abstract, 101 articles were further
detailed evaluated. Then 52 articles were excluded and 49 RCTs (9422 participants) with 29 published in
English (7, 30-57) and 20 in Chinese (58-77) were included in the final review (Table S2 ).

Risk of bias of included studies

As shown in Table S3 andFigure S2 , there were no specific descriptions about random sequence generation
in nine studies (31, 48, 50, 60, 65, 72, 74, 77) and they were determined to be “unclear”. There were 5 studies
with both a sham group and a no treatment control (35, 40, 64, 74, 77) which were defined as unclear risk
for blinding of participants. However, studies with no treatment control were scored as high risk of bias. In
all included studies, there was no attrition bias from reviewing methods and results. Since results could be
directly obtained, reporting bias was assessed as ‘low risk’ for all included studies. In addition, other sources
of bias such as improper funding were not described and were at unclear risk of this bias.

Study characteristics

Study characteristics were showed in Table 1 . Eighteen studies used TA alone (30, 32, 33, 43-46, 51-53,
58, 61, 62, 64, 67, 74, 75, 77), 6 studies involved the administration of WA alone (59, 60, 66, 70, 71, 73),
6 for EA alone (7, 39, 49, 50, 63, 76), 5 for TEAS alone (33, 34, 37, 38, 41) and the remaining fourteen
studies had two treatment groups or combined with two interventions in a treatment group. Only sham
or placebo acupuncture was administered in 11 studies (30, 33, 38, 41, 43, 44, 46, 51, 53, 54, 70), and 24
studies used only a no treatment control (7, 25, 31, 32, 34, 39, 45, 47, 49, 50, 52, 58-63, 65, 66, 71-73, 75,

3
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. 76 ). Ten trials included three arms (31, 40, 41, 48, 52, 54, 63, 64, 74, 77) and 4 trials were four-arms (34,
35, 37, 67). Among them, both sham control and no treatment control were used in 5 trials (35, 40, 64, 74,
77). Seven studies included women who were RIF patients (33, 38, 40, 61, 65, 66, 71). Acupuncture was
provided before the ET among 8 studies and 20 studies around the ET. The acupuncture sessions differed
across studies. Regarding TA treatment, 2 studies performed one acupuncture session, 17 studies performed
two acupuncture sessions and 9 studies performed three or above sessions. CPR was available from all the
49 trials. 13 reported LBR (30, 32-35, 38, 41, 43-46, 50, 60, 74) and 10 studies provided OPR data (31, 32,
39, 43, 44, 46, 51-53, 56). 27 studies were performed in China (33, 34, 37, 38, 41, 44, 46, 49, 55-74, 76, 77), 9
in Europe (7, 35, 43, 51, 52, 54-56, 75), 4 in USA (42, 47, 48, 50), and the remaining were in other country.
The main objective in 4 studies was to assess pain relief (7, 54-56), and the remaining studies were all for
improvement of IVF outcomes. Total samples sizes for each study ranged from 44 to 848 women.

Acupuncture effects on IVF outcomes

As shown in Table 1 , pooled CPR and LBR data showed a significant difference between acupuncture and
control groups (60 trials, OR=1.65, 95%CI: 1.45 to 1.88; 20 trials, OR=1.34, 95%CI: 1.08 to 1.66, respec-
tively). However, acupuncture had no significant improvement for OPR (11 trials, OR=1.33, 95%CI=0.93
to 1.89) (Table S4 ). Table S5 showed the subgroup analysis for CPR of TA by control type.

As for the effects of different acupuncture methods and shown inTable 1 , only TEAS was found to be
a positive effect for both CPR (10 trials, OR=1.37, 95%CI=1.21 to 1.56) and LBR (7 trials, OR=1.74,
95%CI=1.23 to 2.46). In addition, 28 studies used TA (OR=1.24, 95%CI=1.15 to 1.33), 6 studies used WA
(OR=1.75, 95%CI=1.33 to 2.32), 7 studies used EA (OR=1.45, 95%CI=1.13 to 1.85) and 2 studies used
LA (OR=1.22, 95% CI=1.06 to 1.41) showed a positive improvement for CPR results. 33 trials reported
MR and statistically significant difference was found between TA and no treatment group (OR=1.44, 95%
CI=1.00 to 2.07) (Figure S3 ). Table S6 showed the risk of adverse events were higher in acupuncture
(6.59% vs 1.09%, p <0.001) than no treatment group, but no significant difference compared with sham or
placebo acupuncture (47.61% vs 44.26%, p =0.241).

Subgroup analyses

Since there was statistical heterogeneity for IVF outcomes across studies (CPR: I2 =47.4, p <0.001; LBR:I2

=62.9, p <0.001), subgroup analyses and random-effects meta-regression were utilized. In subgroups classi-
fied by treatment type, studies used TA was found to be statistical heterogeneity (CPR: I2 =61.5, p <0.001;
LBR: I2 =68.3, p =0.001) (Table 1 ). Therefore, the meta-regression analyses were restricted to TA meth-
ods. With regard to TA and TEAS on CPR, control type (no acupuncture, sham or placebo) was found
to be the potential source of heterogeneity (p = 0.043, respectively) (Table 2 ). When compared with
no treatment, TA did improve CPR (18 trials, OR=1.85, 95%CI=1.51 to 2.28). However, no significant
difference was found between TA and sham control (penetration: 4 trials, OR=1.89, 95%CI=0.93 to 3.82;
non-penetration: 6 trials, OR=1.04, 95%CI=0.76 to 1.43). Similar findings were observed for LBR results,
TA group was significantly higher than that from no treatment (10 trials, OR=1.36, 95%CI=1.07 to 1.73),
but not from sham control group (9 trials, OR=1.42, 95%CI=0.95 to 2.11). While according to acupuncture
sessions, TA performed for 2 or more than 3 times showed significant effect on CPR (17 trials, OR=1.51,
95%CI=1.18 to 1.94; 9 trials, OR=1.99, 95%CI=1.52 to 2.60; respectively), while performed for 1 session
found no significance (2 trials, OR=1.47, 95%CI=0.34-6.39). It was also an increasing improvement for
TEAS if three or more treatments were administered (5 trials, OR=2.34, 95%CI=1.58 to 3.48) (Tables 2-3
). The additional results of the effects of different acupuncture methods by baseline CPR, OPR or LBR of
no treatment group were shown inFigure S4 . Studies with lower control group rates of CPR showed larger
effects of TA (OR=2.14, 95%CI=1.63 to 2.81) than that with higher control group rates of CPR (OR=1.61,
95%CI=1.22 to 2.13).

Sensitivity analyses

Table S7 showed the results of sensitivity analysis. When the analysis was restricted to “low risk of bias”
studies, for TA treatment, the overall pooled CPR results returned to no difference (before: OR=1.24,
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. 95%CI: 1.15 to 1.33; after: OR=1.13, 95%CI: 0.98 to 1.31), but the LBR results were unchanged (before:
OR=1.18, 95%CI: 0.86 to 1.60; after: OR=0.95, 95%CI: 0.80 to 1.13). The pooled CPR (before: OR=1.37,
95%CI: 1.21 to 1.56; after: OR=1.58, 95%CI: 1.13 to 2.19) and LBR (before: OR=1.74, 95%CI: 1.23 to 2.46;
after: OR=1.62, 95%CI: 1.26 to 2.07) results remained stable for TEAS before and after sensitivity analysis.
When restricting to studies which reported both CPR and LBR, no significant difference was found for the
pooled CPR results (OR=1.14, 95%CI: 0.97 to 1.32).

Publication bias

Evident publication bias was observed on both CPR and LBR results as evaluated by Egger’s weighted
regression analysis (p < 0.001 and p = 0.009) and funnel plot (Figure S5 ).

Discussion

Main findings

The summarized estimation of results based on 49 RCTs showed that acupuncture might be a beneficial
treatment for infertile women undergoing IVF. TEAS showed a significant benefit on both CPR and LBR
improvement, while TA, WA, EA and LA were found significant effectiveness in CPR, but not significant
for LBR. Subgroup analyses showed that the lower baseline estimate of the pregnancy rate had benefits on
CPR and LBR.

Strengths and Limitations

The strengths of our study were including the large number of trials and their relatively sample sizes;
comprehensive literature covered English and Chinese; involving all common acupuncture types (TA, EA,
TEAS, WA and LA); more detailed subgroup analyses and meta regression to explore the heterogeneous;
adherence to the intention to treat principle; as well as robustness of the results to sensitivity analyses.
Compared with the previous and latest reviews published by Coyle ME et al (8 trials, English-language
literature searched up to 3 April 2019) (22) and Xie ZY et al. (27 trials, literature searched up to December
2018) (15), we included the largest sample size and most comprehensive trials. Twenty trials were added
in our reviews; eleven had positive results (6, 35, 39, 40, 46, 47, 49, 51, 52, 57, 77), and nine had negative
results (30, 42-45, 53-56). In addition, we defined both CPR and LBR as primary outcomes, which were
stricter than CPR alone used in almost all previous reviews. Compared to CPR, LBR is more likely to reflect
the endpoint of IVF therapy and the most concerned outcome for patients.

A limitation of this review was the significant heterogeneous among trials. The acupuncture prescription
and control type might be the important contributions to the heterogeneous. Although most acupuncture
prescriptions were generally standardized based on the original protocol of Paulus et al (57), nearly every
study would make appropriate adjustments to some extent (20). In addition, the type of control especially
for the sham or placebo should be noted. Acupuncture point location and needle insertion or not are the
main factors causing variance when we establish a sham or placebo acupuncture. In traditional Chinese
medicine theory, acupoint is not a point and has its own domain. Even though a sham needle is applied
away from the acupoint, it might have the similar treatment effect as the actual acupuncture. Even though
noninvasive placebo acupuncture such as Streitberger acupuncture may also have certain effects because it
stimulates the skin. Those have been illustrated by our results which suggested CPR and LBR in TA group
were significant compared with no treatment, but no difference compared with sham or placebo acupuncture.
Hence, placebo acupuncture might not always be an inert control and it is greatly difficult to establish an
ideal placebo acupuncture.

Interpretation

Our review suggested that the pooled CPR and LBR from all the acupuncture group were significantly
higher than that from all the control group (p < 0.001). It was consistent with the studies reported by
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. Manheimerand E et al (2008) (8) and Zheng CH et al (2012) (9). However, when restriction to only low risk
of bias studies, there was no benefit of TA method on CPR and LBR. It suggested that we should caution
against the benefits of TA being overstated. Of note, when only low risk of bias studies were included, a
change to a non-significant effect did occur for TEAS. Because of the later published time, TEAS intervention
did not involve in the existed reviews and this was the first time to report the pooled effect of TEAS. The
results of TEAS is of great clinically significance for IVF, based on its advantages of noninvasiveness and
painlessness, TEAS may have better application potential and be more acceptable. The safety of TEAS may
be better than TA, because the MR was not significant between TEAS and no treatment. Meanwhile, unlike
TA method, sham TEAS is easy to be implemented by ”pseudo-percutaneous patch” method.

In our meta-analysis, TA did not increase the CPR compared with sham acupuncture, whether or not
the sham needles were penetrated. This was consistent with a growing concern that sham acupuncture
was not an inert control and may result in the difference between intervention and sham group not being
significant. Regardless of either true or sham acupuncture was used, they could both produce specific effects
and non-specific effects. The non-specific effects between treatment and sham acupuncture may be reduced
to the greatest extent through blind and random methods. Therefore, in order to improve the reliability, an
appropriate control group should be selected by the specific study objective like examining the pragmatic or
comparative effectiveness (22).

In our study, differences were seen when different acupuncture sessions were analyzed. A dosage of [?]3 times
for TA and TEAS were both associated with statistically significant improvement on CPR and LBR. Many
trials tended to use two or a maximum of three sessions of acupuncture, such as “Paulus acupuncture proto-
col” performed just twice with one before and another after ET (57). Insufficient acupuncture dosage in IVF
has been a common opinion (78). Some investigators suggested that a clinically valid dosage of acupuncture
should be more than six acupuncture sessions and at least choose four to ten (or more) acupuncture points
in each session (79). Further study should explore the specific effective dose of acupuncture treatment.

Our review analyzed all common acupuncture types in IVF treatment based on the most comprehensive trials.
The results of TEAS supply a superior and safe choice for patients and physicians, especially compared
with manual acupuncture, its advantages of noninvasiveness and easier administration partly reduce the
involvement of many confounding factors cause by acupuncturists. Therefore, it may be a promising IVF
adjunctive treatment and has broader application after being validated by strict RCTs. We also found
that less than 35 years, treatment with [?]3 sessions, acupuncture before the ET, no RIF history and lower
baseline pregnancy rates were associated with increases in CPR and LBR. These results were greatly helpful
for the design of further acupuncture treatment trials in IVF. In addition, LBR should be considered as
a primary outcome of the further IVF meta-analysis study. It was undeniable that clinical pregnancy was
a major breakthrough in medicine, but for infertile couples, “take-home” babies were the most important
long-term and ultimate outcome of interest (25, 26). Moreover, the efficacy was significant just for CPR
rather than LBR, which may indicate a higher risk of miscarriage. This not only increased the patients’
economic burden, but also further resulted in psychological consequences.

Conclusion

Our analysis indicated that acupuncture especially for TEAS improved CPR and LBR among IVF women.
However, we should be prudent to interpret its clinical meanings because of the associations seemingly
suggested not a substantially significant benefit. Given the numerous heterogeneity among acupuncture IVF
RCTs, more robust evidences from optimal trials are needed to clarify the value of acupuncture to IVF
outcomes.
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Table/Figure Caption List

Table 1. The overall and stratified results of CPR and LBR outcomes by acupuncture type

CI=confidence interval. CPR=clinical pregnancy rate. EA=electric acupuncture. LA=laser acupuncture.
LBR=live birth rate. OR=odds ratio. TA=traditional acupuncture. TEAS= Transcutaneous electrical
acupoint stimulation. WA=warm acupuncture.

Table 2. The results of subgroup analyses for CPR outcomes of TA and TEAS treatment

CI=confidence interval. OR=odds ratio. RIF= repeated IVF failure. TA=traditional acupuncture. TEAS=
Transcutaneous electrical acupoint stimulation.
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. Table 3. The results of analyses for LBR outcomes of TA and TEAS treatment

CI=confidence interval. OR=odds ratio. ET=embryo transfer. RIF= repeated IVF failure. TA=traditional
acupuncture. TEAS= Transcutaneous electrical acupoint stimulation.
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