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Abstract

Purpose Controversial results have been reported con-
cerning the effect of acupuncture on in vitro fertilization
(IVF) outcomes. The current review was conducted to
systematically review published studies of the effects of
acupuncture on IVF outcomes.

Methods Women undergoing IVF in randomized con-
trolled trials (RCTs) were evaluated for the effects of
acupuncture on IVF outcomes. The treatment groups
involved traditional, electrical, laser, auricular, and other
acupuncture techniques. The control groups consisted of
no, sham, and placebo acupuncture. The PubMed, Embase,
and Web of Science databases were searched. The preg-
nancy outcomes data are expressed as odds ratios (ORs)
with 95% confidence intervals (CIs) based on a fixed model
or random model depending on the heterogeneity deter-
mined by the Q test and 12 statistic. The major outcomes
were biochemical pregnancy rate (BPR), clinical preg-
nancy rate (CPR), live birth rate (LBR), and ongoing
pregnancy rate (OPR). Heterogeneity of the therapeutic
effect was evaluated by a forest plot analysis, and publi-
cation bias was assessed by a funnel plot analysis.
Results Thirty trials (a total of 6344 participants) were
included in this review. CPR data showed a significant
difference between the acupuncture and control groups
(OR 1.26, 95% CI 1.06-1.50, p = 0.01), but there was
significant statistical heterogeneity among the studies
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(p = 0.0002). When the studies were restricted to Asian or
non-Asian area trials with a sensitivity analysis, the results
significantly benefited the CPR in Asian group (OR 1.51,
95% CI 1.04-2.20, p = 0.03). Based on the area subgroup
analysis, we found that in the Asian group, the IVF out-
comes from the EA groups were all significantly higher
than those from the control groups (CPR: OR 1.81, 95% CI
1.20-2.72, p = 0.005; BPR: OR 1.84, 95% CI 1.12-3.02,
p = 0.02; LBR: OR 2.36, 95% CI 1.44-3.88, p = 0.0007;
OPR: OR 1.94, 95% CI 1.03-3.64, p = 0.04). Meanwhile,
compared with other acupuncture time, the IVF outcome
results were significantly superior in the acupuncture group
when acupuncture was conducted during controlled ovarian
hyperstimulation (COH) (CPR: OR 1.71, 95% CI
1.27-2.29, p = 0.0004; LBR: OR 2.41, 95% CI 1.54-3.78,
p = 0.0001; BPR: OR 1.50, 95% CI 1.02-2.20, p = 0.04;
OPR: OR 1.88, 95% CI 1.06-3.34, p = 0.03). However,
when acupuncture was conducted at the time of embryo
transfer, the BPR and OPR from the acupuncture groups
were significantly lower than those of the controls in the
Asian group (BPR: OR 0.67, 95% CI 0.48-0.92, p = 0.01;
OPR: OR 0.68, 95% CI 0.49-0.96, p = 0.03).
Conclusions Based on an analysis of the studies,
acupuncture improves the CPR among women undergoing
IVF. When the studies were restricted to Asian or non-
Asian area patients, compared with traditional acupuncture
and other methods, electrical acupuncture yielded better
IVF outcomes. Optimal positive effects could be expected
using acupuncture in IVF during COH, especially in Asian
area. However, as a limitation of this review, most of the
included studies did not mention the number of embryos
transferred.

Keywords Acupuncture - In vitro fertilization - Clinical
pregnancy rate
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Introduction

Approximately 9% of women of reproductive age suffer
from infertility. In vitro fertilization (IVF) may offer the
best treatment success rate for most patients diagnosed
with infertility. For many couples, in vitro fertilization—
embryo transfer (IVF-ET) provides the last possibility for
pregnancy. Nevertheless, many IVF cycles do not result in
pregnancy [41], and repeated treatment cycles are needed
to achieve pregnancy. The repeated cycles not only place
significant economic pressure on the patients and their
families but are also invasive and time-consuming [16, 55].
Therefore, new therapies that can improve reproductive
outcomes are highly desirable. As an important part of
traditional Chinese medicine (TCM), acupuncture has
gained increased popularity worldwide, especially in
Western countries, due to its convenience, lack of side
effects, and unique therapeutic effects [19, 30].

Acupuncture is one of the oldest, most commonly used
medical procedures in the world and can be traced back for
at least 3000 years [36]. Studies have shown encouraging
results regarding acupuncture treatment of nausea and
vomiting [17], postoperative pain [6], addiction [26], and
general pain syndromes [44]. Furthermore, acupuncture has
been used for obstetrical and gynecological problems and
has a long history of treating female infertility [18, 25]. The
mechanisms by which acupuncture influences female fer-
tility are believed to involve a general sympathoinhibitory
effect through increased blood flow to the uterus and
ovaries [48, 49], resulting in uterine conditions favoring
implantation.

As a method of treating disease, the theory of
acupuncture is based on the energy flow of qi and the
principles of TCM meridians and acupoints. It is said that
the imbalance of qi in the body causes disease, which can
be treated by stimulating specific acupoints on the body
surface. There are inherent relationships between acupoints
and internal organs that correspond loosely to the princi-
ples of Western medical practice. Therefore, diseases of the
entrails may be reflected in acupoints through meridians,
and acupuncture at acupoints can affect the corresponding
organs through meridians.

Traditional acupuncture (TA) involves inserting dis-
posable sterilized needles into the skin at acupoints along
the meridians. The needles can then be stimulated by hand
or by a small electric current in the case of elec-
troacupuncture (EA). In a conventional acupuncture treat-
ment, four to ten acupoints are placed for 15-30 min. Other
types of acupuncture exist, such as auricular acupuncture
(AA) and laser acupuncture (LA), which are both com-
monly used in IVF patients to improve pregnancy rates. LA
is a new form of treatment that combines both modern

@ Springer

science technology and traditional methods by using a low-
energy laser beam to directly irradiate the acupoints.

Although many types of assisted reproductive tech-
nologies have been utilized clinically, the effect of
acupuncture on IVF outcomes is still unknown. Since the
first relevant clinical research was published in 1999 [50], a
growing number of studies have been performed to explore
the therapeutic effect of acupuncture on the outcomes of
IVF. These studies had variable designs and generally
yielded inconclusive or conflicting results, rendering the
clinical decision of whether to recommend or omit the use
of acupuncture during IVF difficult. As the most reliable
tools for summarizing the existing evidence, several sys-
tematic reviews and meta-analyses have been published.
However, they often show differences in results, and the
conclusions have also been inconsistent and contradictory.

The largest systematic review and meta-analysis per-
formed to date [33], published in June 2013, included 24
trials with 5807 patients and showed that although the
pooled clinical pregnancy rates were higher in the
acupuncture group, the live birth rates (LBRs) were not
significantly different from those in the control group. A
systematic review and meta-analysis published in July
2013 [5] indicated that the authors found no evidence of an
overall benefit of acupuncture for improving the LBR,
regardless of whether acupuncture was performed during
oocyte retrieval or during embryo transfer (ET), and there
was no evidence that acupuncture had any significant effect
on pregnancy or miscarriage rates. However, a meta-anal-
ysis in 2012 [57] showed that acupuncture, especially
during controlled ovarian hyperstimulation, can improve
clinical pregnancy rates in women undergoing IVF.

Therefore, new randomized evidence is required to
address the uncertainty regarding the conclusions of these
reviews. Consequently, a new comprehensive systematic
review and overall meta-analysis is indispensable for
drawing more reliable conclusions concerning the ability of
acupuncture to improve pregnancy rates when used as an
adjunct in women undergoing IVF.

Methods
Literature and research strategy

We conducted a systematic review of studies reporting the
therapeutic effect of acupuncture on the outcomes of IVF
published up to December 2015 using PubMed, EMBASE,
the Cochrane Library, and the Clinical Trials Register. We
also searched Chinese databases, such as the Wanfang
Database, and Chinese National Knowledge Infrastructure
(CNKI) online facilities to collect articles with case—con-
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trol studies related to the therapeutic effect of acupuncture
on the outcomes of IVF in China. The reference lists of the
relevant articles were also collected. Searches were per-
formed through the websites http://www.baidu.com and
http://scholar.google.com to identify additional eligible
studies. Free words or MESH words (“acupuncture” OR
“electroacupuncture” OR “auricular-acupuncture” OR
“laser acupuncture” OR “moxibustion”) and (“in vitro
fertilization” OR “assisted reproduction technology”)
were used in PubMed. These keyword retrieval strategies
were also used in other databases.

Inclusion criteria and data extraction

In this review, we selected randomized controlled trials
(RCTs) in which the target areas were women undergoing
IVF with or without intracytoplasmic sperm injection
(ICSI) treatment. We included RCTs in any language,
published as either full articles or abstracts. Different from
recent reviews [5], the therapeutic intervention selected in
our review was any accepted regimen of acupuncture,
including TA, EA, AA, LA, and other methods, compared
with no or sham (placebo) acupuncture. Moreover, the
pregnancy rates were reported from a single IVF cycle per
woman randomized to receive either acupuncture or the
control intervention.

Eligible papers required data on the following outcomes
[10, 23]: biochemical pregnancy rate (BPR, a positive hCG
serum or urine test 11 days after ET), clinical pregnancy
rate (CPR, the presence of not less than one intrauterine
gestational sac or fetal heartbeat confirmed by ultrasound
4-6 weeks after ET), ongoing pregnancy rate (OPR,
pregnancy beyond 12 weeks of gestation, as confirmed by
fetal heart activity on ultrasound), and live birth rate (LBR,
a baby born alive after 24 weeks gestation).

The studies were selected in a two-stage process. First,
the titles and abstracts from the electronic searches were
scrutinized by two reviewers independently, and the full
manuscripts of all citations that were likely to meet the pre-
defined selection criteria were obtained. Second, final
inclusion or exclusion decisions were made after exami-
nation of the full manuscripts. In cases of duplicate pub-
lications, the most recent and complete versions were
selected. The assessment of English-language manuscripts
was performed independently by three reviewers, and the
assessment of manuscripts in other languages was per-
formed by people who had command of the language. Any
disagreements about inclusion were resolved by consensus
or arbitration by a third reviewer. The selected studies were
assessed for methodological quality using the components
of study design that are related to internal validity. Infor-
mation on the adequacy of randomization, concealment of
allocation, blinding, wuses of sham (or placebo)

acupuncture, and intention-to-treat analysis was sought by
examining the full-text articles and by contacting the
authors when clarification was needed.

The following information was extracted from each
included study: first author, publication year, quality of the
methods, area of the study area, interventions, outcomes,
and other information. The methodological quality of the
trials was assessed using the risk of bias tool described in
the Cochrane handbook for systematic reviews of inter-
ventions [27].

Data synthesis and analysis

The measure of treatment efficacy was the pooled relative
risk (RR) of achieving CPR, BPR, OPR, and LBR in
women in the acupuncture group compared with women in
the control group. According to previous studies [33, 34],
the CPR was chosen because it provided more RCTs and
more data that contributed to our primary analyses. How-
ever, the BPR, OPR, and LBR were analyzed as secondary
outcomes.

All of the meta-analyses were based on both the number
of women randomized and the number of women who
completed ET. The pregnancy rate data are expressed as
odds ratios (ORs) with 95% confidence intervals (Cls)
using the Review Manager 5.1 meta-analysis software. We
evaluated heterogeneity using both the I* statistic, which
indicates the proportion of variability across trials not
explained by sampling variation alone, and the p value of
the #? test of heterogeneity. Although interpreting the
importance of inconsistency depends on other factors in
addition to the I* values, the Cochrane Handbook suggests
the following approximate guide to interpreting I> values:
“0-40% might not be important; 30-60% may represent
moderate heterogeneity; 50-90% may represent substantial
heterogeneity; and 75-100% may represent considerable
heterogeneity”. For pooled data, we used a fixed-effects
model for these meta-analyses if the heterogeneity of the
trial characteristics showed no significance; otherwise, we
used a random-effects model. For our meta-analysis, we
mostly used a random effects model because of the
heterogeneity of the trial characteristics and areas studied.
Location, acupuncture time, and intervention type were
used as variables in the sensitivity sub-group analysis.

Results
Study characteristics
A total of 78 citations were obtained from the electronic

search. The reference lists of the primary and reviewed
articles were examined, and 45 were selected for retrieval.
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The process of literature identification and selection is
shown in Fig. 1. Of the 45 full manuscripts examined, 30
articles including a total of 6344 women met the selection
criteria for our review. The quality and characteristics of
these included trials are summarized in Tables 1 and 2,
respectively.

Objectives and outcomes

All 30 of the included trials (n = 6344) provided clinical
pregnancy rate data, 17 of the 30 included trials (n = 4366)
provided biochemical pregnancy rate data, 10 of the 30
included trials (n = 3602) provided ongoing pregnancy
rate data, and 9 of the 30 included trials (n = 2331) pro-
vided live-birth rate data.

Methodological quality

The randomization methods, allocation concealment,
comparability at baseline, blinding method, and adher-
ence to Standards for Reporting Interventions in Clinical
Trials of Acupuncture (STRICTA) are all key factors
affecting the quality of trials. As shown in Table 2,
randomization methods were used in 19 trials [1, 4, 7, 8,
12-14, 21, 28, 29, 31, 35, 39, 43, 45-47, 51, 56]. Most
of the trials reported adequate concealment of allocation,
with the exception of eight trials that failed to clearly
describe the concealment of allocation [2-4, 9, 21, 31,
43, 52]. Comparability at baseline was clearly stated in
21 of the included studies [1, 3, 4, 8, 12-14, 20, 29, 31,
32, 35, 37, 39, 42, 43, 45-47, 54, 56]. Single blinding

was applied in seven trials [7, 14, 31, 38, 39, 45, 56],
and double-blinding was applied in seven trials [1, 13,
20, 35, 43, 46, 47].

Interventions

Seventeen of the selected studies involved the administra-
tion of TA [46]. EA was used in 7 studies, and other
methods, such as AA and combined acupuncture treatment,
were used in 10 studies.

Area

We divided the studies into two groups depending on
where the study was conducted: Asian and non-Asian
groups. Twelve of the selected studies were performed in
Europe: three were conducted in Germany [13, 38, 39],
three in Sweden [21, 50, 51], three in Denmark [1, 29, 54],
and two in Austria [43, 45]. There were two trials in Italy
[2, 37], two in Brazil [12, 31], and seven trials in the United
States [3, 7, 8, 14, 20, 32, 35]. These 22 studies were
included in the non-Asian group, whereas 8§ of the studies
were performed in Asia and were included in the Asian
group, namely, 7 trials in China [4, 9, 28, 46, 47, 52, 56]
and one trial in Iran [42].

Centers
Five of the studies were multicenter trials [1, 7, 8, 50, 51],

whereas all of the remaining studies were single-center
trials.

Fig. 1 Flow diagram of the
inclusion and exclusion of
studies in the systematic review

189 of records identified
through database searching

21 of additional records
identified through other sources

l

l

164 of records after duplicates removed

78 of records screened

33 of records excluded

45 of full-text articles
assessed for eligibility

15 of full-text articles
excluded, with reasons

30 of studies included in meta-analysis
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Table 2 Methodological quality of the studies included in this paper

First author Randomization Blind Concealment of Comparability at ~ Analysis Adherence to Power
method allocation baseline STRICTA analysis

Stener-Victorin ~ Not mentioned No Adequate Unclear ITT No No

Paulus Computerized Single blind Adequate Yes ITT No No
randomization

Paulus Not mentioned Single blind Adequate Unclear ITT No No

Stener-Victorin Sealed, unlabelled No Adequate Unclear No Yes Yes
envelopes,

Humaidan Sealed, unlabelled No Adequate Yes ITT Yes Yes
envelopes

Dieterle Sealed, unlabelled Double- Adequate Yes ITT No Yes
envelopes blind

Gejervall Computerized No Unclear Unclear No Yes Yes
randomization

Sator- Computerized Double- Unclear Yes ITT Yes Yes

Katzenschlager ~ randomization blind

Smith Block randomization Single blind  Adequate Yes ITT Yes Yes

Benson Not mentioned No Unclear Yes ITT No No

Westergaard Unclear No Adequate Yes No Yes Yes

Craig Computerized Single blind Adequate No ITT No No
randomization

Fratterelli Not mentioned Double- Adequate Yes ITT Not clear Not clear

blind and

Magarelli Not mentioned Unclear Adequate Yes ITT Yes Yes

Domar Computerized Single blind  Adequate Yes ITT No No
randomization

Ho Sealed, unlabelled No Adequate No ITT No No
envelopes

Chen Computerized No Unclear Yes ITT No No
randomization

So Computerized Double- Adequate Yes ITT Yes Yes
randomization blind

Madaschi Computerized Single Inadequate Yes ITT No Yes
randomization blinded

Amoldi Not mentioned No Unclear Unclear ITT No No

Andersen Computerized Double- Adequate Yes ITT Yes Yes
randomization blinded

So Computerized Double- Adequate Yes ITT No Yes
randomization blind

Omodei No mentioned No Adequate Yes Unclear No No

Moy Computerized Double- Adequate Yes ITT Yes Yes
randomization blinded

Zhang Computerized Single blind  Adequate Yes ITT Yes Yes
randomization

Cui Not mentioned Unclear No No ITT No No

Sun Not mentioned Unclear Unclear No ITT No No

Daniela Computerized Unclear Adequate Yes ITT Yes Yes
randomization

Rashidi No mentioned Unclear Adequate Yes ITT Yes Yes

LaTash Computerized Yes Adequate Yes ITT Yes Yes
randomization

TA traditional acupuncture, FA electroacupuncture, Other methods including LA laser acupuncture, AA auricular acupuncture, /77 intention-to-
treat analysis, TPP treated-per-protocol analysis
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CPR Acupncture Contral odds Ratio oads Ratio <«Fig. 2 Forest plots of IVF outcomes compared by area. TA traditional
Tt S acupuncture, EA electroacupuncture, Other methods including LA
Chen J 2009 9 28 [ 27 16% 1.66[0.50,5.53] — .

cui201t o300 129 20% 143051404 o m— laser acupuncture, AA auricular acupuncture, ET embryo transfer, OA
Ho 2009 9 30 4 14 13% 1.07(0.26,4.34) —— . . . . .

Racia 2013 I Y S T oocyte aspiration, COH controlled ovarian hyperstimulation, CPR
Sinza02 S5 G0 e sew  2muasie — clinical pregnancy rate, LBR live birth rate, OPR ongoing pregnancy
St @ Tom T e e isterom - rate, OR odds ratio, CI confidence interval

L?f;.i;"nfw Tau= 0.09; Chi*= f:'m d=7P= :13105)‘ = 35%

Test for overall effect Z= 215 (P = 0.03)

i‘\n‘dzevl:::;l;‘\nﬂ 101 314 12 3 56% 0.88(0.64,1.23) -

Amoldi 2010 22 96 10 82 28% 214[0.95,4.84] __ .

07 "% 3% it ospicers Time of acupuncture

Daniela 2013 2 28 13 56 1% 0.25(005,1.22) ¥

Dieterle 2005 39 16 17 109 36% 274(144,522) n—

Domar 2009 24 78 23 68 33% 0.87(0.43,1.74) —

Fratterelli 2008 213 402 278 598 6.1% 1.30(1.01,1.67) ~ . . . .

S, 2o Do oim gmmewn D We divided the studies into three types (type A, B, and C)
LaTash 2014 24 56 35 56 3.0% 0.45(0.21,0.96) D . . .

Wadssen 2010 @ G e % 143085200 I according to the time at which acupuncture was performed.
Magarelli 2009 17 34 12 33 22% 1.75(0.66, 4.65]

Moy 2011 39 86 39 74 37% 0.74[0.40,1.39) e . .
Omodei 2010 e 2 8 3e% 207109391 — In type A studies, acupuncture was performed at approxi-
Paulus 2002 34 80 pil 80 35% 2.08(1.07,4.04) __ >

Soorkagansiager 2006 3084 71 30 a3 2800100771 mately the time of oocyte aspiration (OA). In type B
Smith 2006 34 110 27 118 39% 151(084,272) t" . . .

Stenevicnn 2003 S % o v ospsiis —+ studies, acupuncture was mainly performed during the
bk it T dw o e imbea > . . .

Tomearts o7 s o e course of controlled ovarian hyperstimulation (COH), and
Heterogeneity. Tau®= 0.12; Chi*= 52.00, df = 21 (P = 0.0002); F= 60%

Testor el efedt 221836 200D four or more sessions were administered. The remaining
Total (95% CI) 3264 3080 100.0% 1.26 [1.06, 1.50] > . . . .

eropoaty Ta = D11ChP B2, 20— L0002 =55 —— trials were type C studies, in which acupuncture was
Testfor overall efect 2= 250 (P =0.010) L Control Acupuncture . . .

Tesor subarous afeences: = 110,411 7029, = 8.0% ’ applied at approximately the time of ET. There were a total
BPR

o S S et ) v of five type A trials [21, 29, 43, 50, 51], nine type B trials
1.2.1 Asian .

S02009 81 185 102 185 7.8% 063(0.42,0.96] 2009 - [2, 4’ 9, 12’ 28’ 31’ 42’ 52, 56]’ and 14 type C trlals.

Zhang R 2011 103 210 34 99 71% 1.84(1.12,3.02) 2010 -

S02010 45 13 54 113 69% 0.72[0.43,1.23) 2010 T

Rashidi 2013 8 31 5 3 29% 1.81[052,6.31) 2013 —_—1

Subtotal (95% CI) 539 428 24.8% 1.03[0.57, 1.86] -

Total events 237

Heterogeneity: Tau® = 0.26; Chi*= 12.62, df= 3 (P = 0.006); F = 76%
Testfor overall effect Z= 0.09 (P = 0.93)

IVF outcomes

Humaidan 2004 46 88 50 90  6.4% 0.88(0.49,1.58) 2004 -

Dieterle 2005 41 1186 18 109 61% 2.76[1.47,5.20) 2005 -

Westergaard 2006 76 185 24 87 67% 1.83(1.05,3.18] 2006 —

Benson 2006 61 106 79 152 71% 1.25(0.76,2.06] 2006 T .

Craig 2007 25 48 36 46 44% 0.30(0.12,0.74) 2007 —

Tawwnio w43 98 s oe  imwaraen e - Comparisons of IVF pregnancy rate by area

Magarelli 2009 18 34 14 33 41% 1.53[0.58,4.01] 2009 -1

Domar 2009 39 78 29 68 5.9% 1.34[0.70,2.59] 2009 T

Andersen 2010 126 314 143 321 85% 0.77[0.56,1.06] 2010 -1

Omodei 2010 42 84 29 84 6.2% 1.90(1.02,353] 2010 e C . . ll

Moy 2011 6 86 6 74 32% 0.85(0.26,2.76] 2011 b

Daniela 2013 3 28 14 56 26% 0.36(0.09,1.38) 2013 ™ Omparlsons ln a areas

LaTash 2014 29 56 40 56  51% 0.43[0.20,0.94) 2014 '

Subtotal (95% CI) 1625 1774 75.2% 1.08 [0.80, 1.44] 1>

Total events 758 821

Heterogeneity: Tau*= 017, Chi*= 38.09, df= 12 (P = 0.0001); F = 68% . .

Testoroverl et 2=0.49 ¢ = 052) CPR data were available from all 30 trials (n = 6344), but
Total (95% CI) 2164 2202 100.0% 1.06 [0.82, 1.37] ‘} . . . .

Tt ovens 055 1ot there was significant heterogeneity among the studies

Heterogeneity: Tau*= 017, Chi*= 52.03, df= 16 (P < 0.0001); F= 6% e+
Test for overall effect Z= 0.45 (P = 0.65) 005 02 ° o

Testfor subaroun differences: Chi*= 0.02. df= 1 (P = 0.89). F= 0% Contol Acupuncture (p = 00002). USing the random-effects mOdel, pOOling of

e acupncrs _ con odss o oats o the effect estimated from the 30 trials showed a significant
Study or Subgroup Events _ Total Events Total Weight M.H, Random, 95%Cl Year M.H, Random, 95% CI

s 55 15 7 otes e osspe, 105 209 - difference in the clinical pregnancy rate between the
$02010 33 13 40 113 122% 0.75(0.43,1.32) 2010 -T

Gzt RS Tk se  amomese i g acupuncture and control groups (OR 1.26, 95% CI
Subtotal (95% CI) 538 426 44.8% 1.20[0.60, 2.38] ->

Lﬂ:‘:ﬁ;ﬂ:wwTau’:uss,‘cg:ﬁ:15nmv:??p:nunn,w:m% 106—150, p = 001, Flg 2)

Testfor overall eflect Z= 0.51 (P = 0.61)

1320nAsian BPR data were available from 17 trials (n = 4366) and

Stener-Victorin 1999 %5 75 13 74 99% 235(1.09,5.05] 1999 — . . . .
Magarell 2008 L A4 e I also showed significant heterogeneity among these trials
Madaschi 2010 70 208 57 208 137% 1.34(0.88,204] 2010 ™ .

Smoer e e san  uaniosse > (p < 0.0001). Using the random-effects model, the pooled
Total events 209 203 . . .

eatogeneny Tau'=025,0n° = 1561, 1= 4 = 0009 = 75% results showed no significant difference between the

Total (95% CI) 1219 o 1112 100.0% 1.1710.80,1.72] > acupuncture and Control groups (OR 1.06, 95% CI

Total events 392
Heterogeneity: Tau®= 0.24; Chi*= 31.27, df= 8 (P = 0.0001); = 74% bor

Testlorovralefct 2= 0561 (= 042 ool sevpuncurs 0.82-1.37, p = 0.65; Fig. 2). LBR data were available

Testfor subarou differences: Chi*= 0.00. df= 1 (P = 0.97). F= 0%

orR reme cont S o from nine trials (n = 2331), and the results of the meta-
tudy or Subgrouy nts _ Total nts _Total Weight M-H, Random, 95% CI_Year M-H, Random, 95% CI . . . . .

41 Asan N analysis did not show a significant difference between the
S0 2008 59 185 75 185 121% 0.69(0.45,1.05] 2009 7

ZhangR 201 3o 45w sse  redioised o - acupuncture and control groups (OR 1.17, 95% CI
Rashidi 2013 6 3 4 3 31% 162(0.41,642) 2013 >—

B T 0.80-1.72, p = 0.42; Fig. 2). There were also no signifi-
Heterogeneity. Tau*= 0.20; Chi*= 8.98, df= 3 (P = 0.03), = 67% . .
’ cant differences in the OPR between the acupuncture and

Testfor overall effect Z=0.01 (P = 0.99)

1.4.2 Un-Asian

Stener-Victorin 2003 42 136 47 138 107% 087(052,1.44) 2003 - H . P .
Dot 200 3w 1s dos oaw 2oz cen zooe — control groups (10 trials; n = 3602; OR 1.14, 95% CI
Westergaard 2006 58 186 19 87 93% 1.62(0.89,294) 2006 ™~

Smith 2006 31 110 22 118 89% 1.71(0.92,3.19) 2006 — J— . 1

Fratterelli 2008 163 402 224 598 151% 1.14(0.88,1.48 2008 T 0.87_1 -48, p _ 0.34, Flg. 2).

Andersen 2010 85 314 102 321 136% 080(057,1.12) 2010 !

Subtotal (95% CI) 1264 1371 66.0% 1.23[0.90, 1.67] »

Total events 412

Heterogeneity. Tau?= 0.09; Chi*= 13.42,df= 5 (P = 0.02), F= 63% . .

Testfor overall effect Z= 1.32 (P = 0.19) Comparlsons among Asians

Total (95% CI) 1803 1799 100.0% 1.14[0.87, 1.48] »

Total events 6 567

Heterogeneity: Tau= 0.10; Chi*= 24.37, df= 9 (P = 0.004); F'= 63% et t—
001 01 10 100

Testfor overall effect Z= 0.96 (P = 0.34) Control Acupuncture

Testfor uborous difrnces. =042 61= 1 (= 052 = 0% CPR data of the studies performed in Asians were available
from all eight trials (n = 1064), and there was no
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Different Interventions
™

ashidi 2013 ]
Subtotal (95% C1) 380 27 1mon
152

50
Heterogenelty Tau?= 0.28, ChP'= 7.75,df= 3 (= 0.06), P= 61%

Testor overall ffect Z= 1.1 (P 027)
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Paulus 2002 80 2 80 5%
Paulus 2003 4100 37 100 67%
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Westergaard 2006 18 2 8 67w
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Fratierel 2008 103 200 278 sw 97%
omar 2009 % 3 6 55%
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Testor veral effect Z= 187 (=

Total 95% C1) 1965 217 1000%
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Testor subarou dferences: Ch'= 1.61.df= 1 (P= 0.21). F= 37.7%
Other methods

Acupuncture  Control

Ouds Ratio
W, a5

Heterogeney. Not applicable
Test for overal efiect Not appicable
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Testiorsunara lences wot schcae

Different Acupuncture Times
ET

Acupuncture  Control
st 1

120088, 163)

P n o o 7 ame 2wpesm
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Testfor suboroun difierences: Chi*= 0.00.df= 1 (P= 0.97). 1= 0%

oA
Acupuncture  Control

tudy or Subaon s Total Events Total Weiaht M.HFixed,95% CI_Year

o o
0 ]

Heterogenety. Not applicable
Testor veral effct Not applicable

6.2.4 Un Asian
Stener-Victorin 1999 15 19 74 128%
Stener-ictorin 2003 FERNRT S AT

6 100 50 100 282%
Gejervall 20 218 28 @0 192%
SalorKaenschlager2006 30 64 7 53%
Subtotal (95% C1) 54 422 1000%

170
Helogeney CHF = 74, =4 6= 010, = 7%
Testfor overall sffect 2= 0.45 (P = 0.65)

Total (95% C1) 51 422 1000%
Total events 170 151

Heterogeneit Ch*=774,df= ¢ (P= 010), = 48%

Testfor overall effct 2= .45 (P 065)

Test for subaroun diferences: Not oolicable

COH

Acupuncture  Control
Study or Subaroup__Events _Total

6.3.1 Asiar
ChenJ 2009 9 28 6 27 60%

003 9 30 4 14 55%
Znang R 2011 97 210 20 98 307%
2011 13 11 23 ee%
Sunz2012 3 s 19 a5 3%
Rashidi 2 8 3 5 3 sa%
Subtotal (95'% C1) 380 26 675"
Total event: 168

Fetatagonty Ch'= 122, d1< 5@ = 0905 e 0%
Testor overal effect Z= 351 (P = 0.000¢)

632 Un Asian
Magarell 2009 173 12 33 sew
Amoldi 2010 2 e 10 82 120%
Danel 2 28 13 56 116%

Feerogonty Chiv= 565, o= 202 009, e 6%
Testfor overall effect Z= 111 (P= 0.27)

Total (95% €I 538 417 1000%
209 108
Heterogeneity Chi*= 7.45,df= 8 (P = 0.49), = 0%

Testor overal effect Z= 357 (P = 0.0004)
Testfor subaroun difierences: Chi'= 0.95.df= 1 (P= 0.33). F= 0%

Not estimable

1720086,348) 1999

107[081,1.41)
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Control Acupuncture

<«Fig. 3 Meta-analysis of the studies evaluating the effects of different
types of acupuncture and different acupuncture times on the clinical
pregnancy rate. TA traditional acupuncture, EA electroacupuncture,
Other methods including LA laser acupuncture, AA auricular
acupuncture, ET embryo transfer, OA oocyte aspiration, COH
controlled ovarian hyperstimulation, OR odds ratio, CI confidence
interval

significant heterogeneity among the studies (p = 0.15).
The pooled CPR result from all acupuncture groups was
significantly higher than that from the controls (OR 1.51,
95% CI 1.04-2.20, p = 0.03; Fig. 2).

The other rates were all not significant different between
the acupuncture and control groups (BPR: 4 trials;
n = 967; OR 1.03, 95% CI 0.57-1.86, p = 0.93, Fig. 2;
LBR: 4 trials; n = 964; OR 1.20, 95% CI 0.60-2.38,
p = 0.61, Fig. 2; OPR: 4 trials; n = 967; OR 1.00, 95% CI
0.57-1.74, p = 0.99, Fig. 2).

Comparisons among non-Asians

The pooled IVF pregnancy rates from the studies all
showed no significant differences between the acupuncture
and control groups (CPR: 22 trials; n = 5280; OR 1.20,
95% CI 0.99-1.47, p = 0.07, Fig. 2; BPR: 13 trials;
n = 3399; OR 1.08, 95% CI 0.80-1.44, p = 0.62, Fig. 2;
LBR: 5 trials; n = 1347; OR 1.17, 95% CI 0.69-1.99,
p = 0.55, Fig. 2; OPR: 6 trials; n = 2635; OR 1.23, 95%
CI 0.90-1.67, p = 0.19, Fig. 2).

Comparisons of IVF pregnancy rate according
to intervention

Traditional acupuncture

TA intervention group data were available from 17 trials.
There was significant heterogeneity among these trials
(p = 0.003 for the heterogeneity test). Using the random
effects model, the pooled CPR from the TA groups was
significantly higher than that of the controls (17 trials,
n = 4182, OR 1.28, 95% CI 1.02-1.60, p = 0.03, Fig. 3),
whereas the other rates were all not significantly different
between the acupuncture and control groups (BPR: 11
trials; n = 3060; OR 1.00, 95% CI 0.74-1.35, p = 0.98,
Fig. 4; LBR: 4 trials; n = 1647; OR 0.86, 95% CI
0.70-1.07, p = 0.18, Table 3; OPR: 7 trials; n = 2592; OR
0.95, 95% CI 0.80-1.13, p = 0.58, Table 4).

Asians of traditional acupuncture The pooled IVF preg-
nancy rates all showed no significant differences between
the acupuncture and control groups (CPR: 4 trials;
n = 597; OR 1.47, 95% CI 0.74-2.89, p = 0.27, Fig. 3;
BPR: 3 trials; n = 658; OR 0.73, 95% CI 0.50-1.05,
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Different Interventions
T
Acupuncture  Control Odds Ratio Odds Ratio
Study or Subaroup _Events _Total Events Total Weight_M.H, Random, 95%CI_Year 1.4, Random, 95% CI
3.4.1 Asian
502009 81 185 102 185 119%  063(042,096 2009 ——
502010 45 113 56 113 104% 0720043123 2010 —
Rashidi 2013 8 31 5 3 42% 1.81(052,631] 2013 _—1T
Subtotal (95% CI) 329 329 26.5% 0.73(0.50, 1.05) -
Total events 134 161
Heterogeneity. Tau*= 0.02, Chi*= 2.45, df= 2 (P = 0.29), F= 18%
Testfor overall eflct 2= 170 (° = 0.09)
3.4.2 Un Asian
Benson 2006 32 53 79 152 91% 1.41(0.75,266) 2006 T
Westergaard 2006 7% 185 24 87 101% 1.83(1.05,3.18) 2006 I
Craig 2007 25 48 36 46 65% 030(0.12,074) 2007
Frafterell 2008 123 200 333 598 129%  127(092,1.76) 2008 1
Domar 2009 39 78 29 68 89% 1.34[0.70,259) 2009 i
‘Omodei 2010 42 84 29 84 93% 1.90(1.02,353) 2010 —
Andersen 2010 126 34 149 321 131% 0.77(0.56,1.06) 2010 T
Daniela 2013 3 28 14 56 38% 0.36[0.09,1.38) 2013 ¥ —
Subtotal (95% CI) 990 1412 735% 1.08[0.75,1.55] -
Total events 166 693
Heterogeneity. Tau*= 0.17, Chi*= 23.27, df= 7 (P = 0.002), P= 70%
Test for overall effect Z= 0.42 (P = 0.68)
Total (95% CI) 1319 1741 100.0% 1.00(0.74, 1.35] -
Total events 601 4
Heterogeneity. Tau*= 0.15, Chi*= 31.21, df= 10 (P = 0.0005), = 68% IVE]
Testfor overall eflect Z=0.03 (P = 0.98) Acupuncture
Testfor suboroun diflerences: Chi*= 2.26. df= 1 (P= 0.13), = 55.8%
EA
Acupuncture  Control Odds Ratio Odds Ratio
Study or Subgrou Events Total Events Total Weight M.H,Fixed, 95% Cl Year MH, Fixed, 95% CI
351 Asian
Zhang R 2011 103 210 34 99 77.9%  184(1.12,3.02 2010 -3
Subtotal (95% CI) 210 99 77.9%  1.84[1.12,302] *
Total events 103
Heterogeneity Not applicable
Test for overalleffect Z= 2.41 (= 0.02)
352 Un-Asian
Magarelli 2008 18 34 14 33 221% 1.53(0.58,4.01] 2009 1T
Subtotal (95% Cl) 34 33 224%  1.53[0.58,4.01] -
Total events 18 14
Heterogeneity: Not applicable
Test for overall effect Z= 0.86 (P = 0.39)
Total (95% Cl) 244 132 100.0%  1.77[1.14,2.75] L 4
Total events 3l 48
Heterogeneity: Chi*= 0.1, df= 1 (P = 0.74), P= 0% —t—
Test for overall effect Z= 254 (P = 0.01) OO O el cupuncire
Test for subaroup differences: Chi*=0.11.df=1 (P = 0.74). F= 0%
Other methods
Acupuncture  Control Odds Ratio Odds Ratio
Study or Subaroup _Events _Total Events Total Weight M., Random, 95% CI_Year M, Random, 95%C1
3.6.1 Asian
Subtotal (95% CI) o 0 Not estimable
Total events. 0 0
Heterogeneity. Not applicable
Test for overalleffect Not applicable
362 Un Asian
Dieterle 2005 4 116 18 109 212% 276(1.47,520) 2005 -
Benson 2006 29 53 79 152 213% 1.12[060,209] 2006 T
Frafterell 2008 123 202 333 598 272% 124089172 2008 ~
6 86 6 74 121% 0.85(0.26,2.76) 2011 e
LaTash 2014 29 56 40 56 182% 043(0.20,094) 2014 sy
Subtotal (95% CI) 513 989 100.0% 1.13[067,1.92) >
Total events 28 476
Heterogeneity: Tau?= 0.24, Chi*= 1371, df= 4 (P = 0.008), P= 71%
Testfor overall effect Z= 0.46 (P = 0.65)
Total (95 C1) 513 989 100.0% 1.13[0.67,1.92] b 4
Total events 28 475
Heterogeneity. Tau*= 0.24; Chi"= 13.71, df= 4 (P = 0.008); P= 1% e
Testfor overall effect Z= 0.46 (P = 0.65) oro ‘(, ntrol »"\UPUW‘:M— o
Test for subaroun difterences: Not aoolicable
Different Acupuncture Times
ET
Acupuncture  Control Odds Ratio Odds Ratio
Study or Subaroup _Events _Total Events Total Weight_M.H, Random, 95%CI_Year 1.4, Random, 95% CI
7.1.1 Asian
502009 81 185 102 185 110%  063(042,096 2009 —
45 13 54 113 98% 072(043,1.23) 2010 o
Subtotal (95% CI) 208 208 208% 0.6710.48,0.92] >
Totalevents 126 156
Heterogeneity. Tau?= 0.00, Chi*= 015, df= 1 (P = 0.70), F= 0%
Testfor overall effect Z=2.46 (P = 0.01)
7.2 Un Asian
Dieterle 2005 4 16 18 109 87% 276(1.47,5.20) 2005 —
Westergaard 2006 7% 185 24 87 95% 1.83[1.05,3.18) 2006 —
Benson 2006 61 106 79 152 101% 1.25(0.76,2.06) 2006 T
Craig 2007 25 48 36 46 63% 030(0.12,0.74) 2007 &
Fratterell 2008 6 402 33 598 125%  1.25(097.162) 2008 —
Domar 2009 39 78 29 68 85% 1.34[0.70,259) 2009 1T
Andersen 2010 126 34 149 321 120% 0.77(0.56,1.06) 2010 |
Moy 2011 6 8 6 74 46% 0850026276 2011 —
LaTash 2014 20 S5 40 55 73%  043[020,094] 2014
Subtotal (95% CI) 1391 1511 79.2% 1.06[0.74,1.51] -
Total events 649 18
Heterogeneity. Tau*= 0.19; Chi*= 31.47, df= 8 (P = 0.0001), P= 75%
Test for overall effect Z= 0.31 (P=0.75)
Total (95% CI) 1689 1809 100.0% 0.9710.71,1.31] >
Totalevents 775 870
Heterogeneity. Tau?= 0.18; ChF = 39.15, df= 10 (P < 0.0001); P= 74% B e
Testfor overall effect Z= 023 (P = 0.82) Control Acupuncture
Testfor suboroun diflerences: Chi*= 3.58. df= 1 (P= 0.06). = 72.1%
oA
Acupuncture  Control Odds Ratio Odds Ratio
study or Subgroup __Event: Total Events Total Weight M-H, Fixed, 95%Cl_Year M.H, Fixed, 95% CI|
723 Asian
Subtotal (95% CI) 0 0 Not estimable
Total events. 0 0
Heterogeneity: Not applicable
Test for overal efect Not applicable
7.2.4 Un-Asian
Humaidan 2004 46 88 50 90 1000%  0.88(0.49,158) 2004
Subtotal (95% Cl) 88 90 100.0%  0.88[0.49, 1.58]
Total events 4 50

Heterogeneity: Not applicable
Testfor overall effect Z= 0.44 (P = 0.66)

Total (95¢% CI) 88 90 100.0%  0.88(0.49,1.58]
Total events 4 50

Heterogeneity: Not applicable

Testfor overall effect Z= 0.44 (P = 0.66)

Test for subaroun differences: Not anplicable

COH

Acupuncture  Control Odds Ratio Odds Ratio
Study or Subgroup__Events _Total_Events Total Weight M.H,Fixed, 95% C1_Year MK, Fixed, 95% CI
7.3.3 Asian
Zhang R 2011 103 210 34 93 557%  184[112,302 2010 el
Rashidi 2013 8 31 5 3 88%  181(052,631] 2013 T
Subtotal (95% CI) 241 130 64.5%  1.84[1.16,2.91] >
Total events " 39
Heterogeneity. Chi*= 0.00, df= 1 (P = 0.98), *= 0%
Test for overall effect Z= 259 (P = 0.010)
7.3.4 Un.Asian
Magarelli 2008 18 34 14 33 158% 1.53(0.58,4.01] 2009 T
Daniela 2013 3 28 14 56 197%  0.36(0.09,1.38] 2013 —_—
Subtotal (95% CI) 62 89 355%  0.88(0.42,1.85] >
Total events 2 28
Heterogeneity. Chi*= 2.96, df= 1 (P = 0.09); "= 66%
Testfor overall effect Z=0.34 (P=0.73)
Total (95% CI) 303 219 1000%  1.50[1.02,2.20] hd
Total events 132 67

o= —3P=01T)P= i —]

Heterogeneity. Chi*=5.09, df= 3 (P = 0.17); F= 41% bo1 o1 10 100

Testfor overall effect Z= 2,05 (P = 0.04)
Testfor subaroun differences: Chi*= 2.73. df= 1 (P= 0.10). F= 63.4%
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<«Fig. 4 Meta-analysis of the studies evaluating the effects of different

types of acupuncture and different acupuncture times on the
biochemical pregnancy rate. TA traditional acupuncture, EA elec-
troacupuncture, Other methods including LA laser acupuncture, AA
auricular acupuncture, ET embryo transfer, OA oocyte aspiration,
COH controlled ovarian hyperstimulation, OR odds ratio, CI confi-
dence interval

p = 0.09, Fig. 4; LBR: 2 trials; n = 596; OR 0.71, 95% CI
0.5-0.99, p = 0.05, Table 3; OPR: 3 trials; n = 658; OR
0.72, 95% CI 0.52-1.00, p = 0.05, Table 4).

Non-Asians of traditional acupuncture The pooled IVF
pregnancy rates from the TA groups were not significantly
different from those of the control groups (CPR: 13 trials;
n = 3585; OR 1.26, 95% CI 0.99-1.60, p = 0.06, Fig. 3;
BPR: 8 trials; n = 2402; OR 1.08, 95% CI 0.75-1.55,
p = 0.68, Fig. 4; LBR: 2 trials; n = 1051; OR 0.98, 95%
CI 0.75-1.28, p = 0.89, Table 3; OPR: 4 trials; n = 1934;
OR 1.07, 95% CI 0.87-1.31, p = 0.54, Table 4).

Electroacupuncture

The pooled CPR, LBR, and BPR from the EA groups were
significantly higher than those of the controls (CPR: 7
trials; n = 870; OR 1.50, 95% CI 1.13-2.0, p = 0.005,
Fig. 3; BPR: 2 trials; n =376; OR 1.77, 95% CI
1.14-2.75, p = 0.01, Fig. 4; LBR: 4 trials; n = 584; OR
2.40, 95% CI 1.63-3.53, p < 0.00001, Table 3). However,
the pooled OPR was not significantly different between the
acupuncture and control groups (2 trials; n = 583; OR
1.27, 95% CI 0.57-2.79, p = 0.56, Table 4).

Asians of electroacupuncture The pooled IVF pregnancy
rates from the EA groups were all significantly higher than
those of the controls (CPR: 4 trials; n = 467; OR 1.81,
95% CI 1.20-2.72, p = 0.005, Fig.3; BPR: 1 trial;
n = 309; OR 1.84, 95% CI 1.12-3.02, p = 0.02, Fig. 4;
LBR: 2 trials; n = 368; OR 2.36, 95% CI 1.44-3.88,
p = 0.0007, Table 3; OPR: 1 trial; n = 309; OR 1.94, 95%
CI 1.03-3.64, p = 0.04, Table 4).

Non-Asians of electroacupuncture The pooled LBR from
the EA groups of the non-Asian studies was significantly
higher than that of the controls (2 trials; n = 216; OR 2.46,
95% CI 1.33-4.53, p = 0.004, Table 3). However, the
other pooled rates were not significantly different between
the acupuncture and control groups (CPR: 3 trials;
n = 403; OR 1.25, 95% CI 0.83-1.86, p = 0.29, Fig. 3;
BPR: 1 trial; n =77; OR 1.53, 95% CI 0.58-4.01,
p = 0.39, Fig. 4; OPR: 1 trial; n = 274; OR 0.87, 95% CI
0.52-1.44, p = 0.57, Table 4).
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Table 3 Meta-analysis of the studies evaluating the effects of different types of acupuncture and different acupuncture times on the live birth

rate
Group or subgroup Study Model OR, 95% CI  p value for OR, 95% CI  p value for
heterogeneity heterogeneity
Intervention TA Asians 2 Fixed 0.71 [0.55, 0.78 0.87 [0.70, 0.11
0.99] 1.07]
Non- 2 Fixed 0.98 [0.75, 0.05
Asians 1.28]
EA Asians 2 Fixed 2.36 [1.44, 0.82 2.40 [1.63, 0.99
3.88] 3.53]
Non- 2 Fixed 2.46 [1.33, 0.84
Asians 4.53]
Other methods Asians 0 - - - -
Non- 2 Random 1.02 [0.20, 0.003 -
Asians 5.25]
Acupuncture  Around the time of Asians 2 Fixed 0.71 [0.50, 0.78 0.83 0.08
time ET 0.99] [0.68,1.02]
Non- 3 Fixed 0.90 [0.70, 0.03
Asians 1.16]
Around the time of Asians 0 - - - - -
OA Non- 1 Fixed  2.35[1.09, - -
Asians 5.05]
During the time of  Asians 2 Fixed 2.36 [1.44, 0.82 0.95
COH 3.88]
Non- 1 Fixed 2.67 [0.96, - 2.41 [1.54,
Asians 7.39] 3.78]

TA traditional acupuncture, EA electroacupuncture, Other methods

including LA laser acupuncture, AA auricular acupuncture, ET embryo

transfer, OA oocyte aspiration, COH controlled ovarian hyperstimulation, OR odds ratio, CI confidence interval

Other methods

The pooled CPR, BPR, and LBR results from the studies in
which other methods, such as LA, AA, and combined
acupuncture treatment, were performed showed no signifi-
cant differences between the acupuncture and control groups
(CPR: 10 trials; n = 2232; OR 1.20, 95% CI 0.88-1.63,
p = 0.25,Fig. 3; BPR: 5 trials; n = 1502; OR 1.13, 95% CI
0.67-1.92, p = 0.65, Fig. 4; LBR: 2 trials; n = 249; OR
1.02, 95% CI 0.20-5.25, p = 0.98, Table 3). However, the
pooled OPR showed significant differences (OPR: 2 trials;
n = 1025; OR 1.40,95% CI 1.05-1.87, p = 0.02, Table 4).

Asians of other methods No studies.

Non-Asians of other methods The results were the same
as those presented in “Other methods”.

Comparisons of IVF pregnancy rate according
to acupuncture time

At approximately the time of embryo transfer

The pooled IVF pregnancy rates from studies in which
acupuncture treatment was performed at approximately the

time of ET showed no significant differences between the
acupuncture and control groups (CPR: 16 trials; n = 4513;
OR 1.19, 95% CI 0.95-1.50, p = 0.13, Fig. 3; BPR: 11
trials; n = 3498; OR 0.97, 95% CI 0.71-1.31, p = 0.82,
Fig. 4; LBR: 5 trials; n = 1747; OR 0.83, 95% CI
0.68-1.02, p = 0.07, Table 3; OPR: 7 trials; n = 2957; OR
1.10, 95% CI 0.81-1.51, p = 0.55, Table 4).

Asians of the time of embryo transfer Surprisingly, the
pooled BPR and OPR from the acupuncture groups were
significantly lower than those of the controls (BPR: 2 trials;
n = 596; OR 0.67, 95% CI 0.48-0.92, p = 0.01, Fig. 4;
OPR: 2 trials; n = 596; OR 0.68, 95% CI 0.49-0.96,
p = 0.03, Table 4). And the other rates showed no differ-
ences (CPR: 2 trials; n = 438; OR 1.18, 95% CI 0.39-3.55,
p = 0.77, Fig. 3; LBR: 2 trials; n = 596; OR 0.71, 95% CI
0.50-0.99, p = 0.05, Table 3).

Non-Asians of the time of embryo transfer The pooled
IVF pregnancy rates were not significantly different
between the acupuncture and control groups (CPR: 14
trials; n = 4075; OR 1.21, 95% CI 0.95-1.53, p = 0.12,
Fig. 3; BPR: 9 trials; n =2902; OR 1.06, 95% CI
0.74-1.51, p = 0.75, Fig. 4; LBR: 3 trials; n = 1151; OR
0.90, 95% CI 0.70-1.16, p = 0.44, Table 3; OPR: 5 trials;
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Table 4 Meta-analysis of the studies evaluating the effects of different types of acupuncture and different acupuncture times on the ongoing

birth rate
Group or subgroup Study Model OR, 95% CI  p value for OR, 95% CI  p value for
heterogeneity heterogeneity
Intervention TA Asians 2 Fixed 0.72 [0.52, 0.49 0.95 [0.80, 0.06
1.00] 1.13]
Non- 2 Fixed 1.07 [0.87, 0.07
Asians 1.31]
EA Asians 1 Random 1.94 [1.03, - 1.27 [0.57, 0.05
3.64] 2.79]
Non- 1 Random 0.87 [0.52, -
Asians 1.44]
Other methods Asians 0 - - - - -
Non- 2 Fixed 1.40 [1.05, 0.06
Asians 1.87]
Acupuncture Around the time of Asians 2 Random 0.64 [0.49, 0.96 1.10 [0.81, 0.003
time ET 0.96] 1.51]
Non- 5 Random 1.33 [0.93, 0.02
Asians 1.89]
Around the time of Asians 0 - - - - -
OA Non- 1 Fixed 087 [052, -
Asians 1.44]
During the time of  Asians 2 Fixed 1.88 [1.06, 0.82 - -
COH 3.34]
Non- 0 - - -
Asians

TA traditional acupuncture, EA electroacupuncture, Other methods including LA laser acupuncture, AA auricular acupuncture, ET embryo
transfer, OA oocyte aspiration, COH controlled ovarian hyperstimulation, OR odds ratio, CI confidence interval

n = 2361;
Table 4).

OR 133, 95% CI 0.93-1.89, p =0.12,

At approximately the time of oocyte aspiration

The pooled IVF pregnancy rates from the studies in which
acupuncture was performed at approximately the time of OA
showed no significant differences between the acupuncture
and control groups (CPR: 5 trials; n = 876; OR 1.07,95% CI
0.81-1.41,p = 0.65,Fig. 3; BPR: 1 trial; n = 178; OR 0.88,
95% C10.49-1.58, p = 0.66, Fig. 4; LBR: 1 trial; n = 149;
OR 2.35,95% CI 1.09-5.05,p = 0.03, Table 3; OPR: I trial;
n = 274; OR 0.87, 95% CI1 0.52-1.44, p = 0.57, Table 4).

Asians of the time of oocyte aspiration No studies.
Non-Asians of the time of oocyte aspiration The results
were the same as those presented in “At approximately the
time of oocyte aspiration”.

During the time of controlled ovarian hyperstimulation

The pooled IVF pregnancy rates were significantly higher
in the acupuncture group than the control group (CPR: 9

@ Springer

trials; n = 955; OR 1.71, 95% CI 1.27-2.29, p = 0.0004,

Fig. 3; BPR: 4 trials; n =522; OR 1.50, 95% CI
1.02-2.20, p = 0.04, Fig. 4; LBR: 3 trials; n = 435; OR
241, 95% CI 1.54-3.78, p = 0.0001, Table 3; OPR: 2
trials; n = 371; OR 1.88, 95% CI 1.06-3.34, p = 0.03,
Table 4).

Asians of the time of controlled ovarian hyperstimula-
tion The pooled IVF pregnancy rates of the Asians from
studies in which acupuncture was performed during COH
were significantly different from those in the control
groups (CPR: 6 trials; n = 626; OR 1.87, 95% CI
1.32-2.66, p = 0.0004, Fig. 3; LBR: 2 trials; n = 368; OR
2.36, 95% CI 1.44-3.88, p = 0.0007, Table 3; BPR: 2
trials; n = 371; OR 1.84, 95% CI 1.16-2.91, p = 0.01,
Fig. 4; OPR: the same as “During the time of controlled
ovarian hyperstimulation™).

Non-Asians of the time of controlled ovarian hyperstimu-
lation The pooled CPR, LBR, and BPR results from the
acupuncture groups showed no significant differences
compared with the control groups (CPR: 3 trials; n = 329;
OR 1.36, 95% CI 0.79-2.33, p = 0.27, Fig. 3; BPR: 2
trials; n = 151; OR 0.88, 95% CI 0.42-1.85, p = 0.73,
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Fig. 4). Although the LBR results tended to be higher, this
difference did not reach statistical significance (1 trial;
n = 77; OR 2.67, 95% CI 0.96-7.39, p = 0.06, Table 3).

Discussion
Quality of studies and outcomes

All 30 of the studies (n = 6344) were RCTs, and most of
them provided detailed information on the randomization
procedure, allocation concealment, and blinding of asses-
sors. Due to the nature of the acupuncture studied, absolute
double-blinding was not possible. Some of the studies that
used sham acupuncture for the control group approximated
double-blinding, whereas others that used non-intervention
as the control were completely non-blinded trials.

Main results

Compared with previous reviews [33, 41], we added 6 new
studies; 5 had positive results [9, 12, 52, 56], and one had a
negative result [42]. However, according to the suggestion
of the Cochrane Handbook concerning P values, there was
moderate statistical heterogeneity between the studies
(> = 51%). There was also significant clinical hetero-
geneity among the studies, which may be attributed to
variations in the acupuncture techniques (TA, EA, or LA),
time of commencement, total dose of the intervention,
method of control, acupoints, and patient areas across these
studies. The ORs were pooled with a random effects
model. Recent reviews [5, 33] indicated that there was no
pooled benefit of adjuvant acupuncture with respect to IVF
outcomes. However, in our review, all interventions were
included, and we found a significant pooled benefit in the
30 trials of acupuncture over control interventions in the
clinical pregnancy rate (OR 1.26, 95% CI 1.06-1.50,
p = 0.01; Fig. 2), whereas the other IVF outcomes showed
no significant differences between interventions.
Considering the distinct body reactions and capabilities
of different areas, there have been studies on the different
effects of acupuncture on different areas. Studies have
indicated that in some diseases, the effects of traditional
medications are often ethnically based [22]. Furthermore,
some Chinese studies have indicated that the same
acupuncture treatment may induce different reactions in
different areas [53]. Based on previous studies [11, 24], it
has been speculated that acupuncture treatment outcomes
may differ according to area and place of residence.
Therefore, in the present study, we divided the studies into
two groups according to the areas in which the original
RCTs were conducted. Twenty-two studies were included
in the non-Asian group, and the remaining eight studies

were included in the Asian group. When the studies were
restricted to trials with Asian or non-Asian areas, the
results of the sensitivity analysis showed a significant
benefit in the CPR outcome in the Asian group. The pooled
CPR result from the acupuncture groups was significantly
higher than that from the control groups (OR 1.51, 95% CI
1.04-2.20, p = 0.03; Fig. 2), and although it tended to be
higher in the non-Asian group, the differences were not
significant (CPR: 22 trials; n = 5280; OR 1.20, 95% CI
0.99-1.47, p = 0.07, Fig. 2). However, the differences in
the pooled LBR, BPR, and OPR results between the
acupuncture and control groups were not significant.

In the present study, the results of different methods of
acupuncture showed that EA may be associated with better
IVF outcomes than TA and other methods. In the subgroup
analysis, we found that in the Asian groups, the pooled
CPR, LBR, BPR, and OPR from the EA groups were
significantly higher than those of the controls (CPR: 4
trials; n = 467; OR 1.81, 95% CI 1.20-2.72, p = 0.005,
Fig. 3; BPR: 1 trials; n=309; OR 1.84, 95% CI
1.12-3.02, p = 0.02, Fig. 4; LBR: 2 trials; n = 368; OR
2.36, 95% CI 1.44-3.88, p = 0.0007, Table 3; OPR: 1
trial; n = 309; OR 1.94, 95% CI 1.03-3.64, p = 0.04,
respectively, Table 4). EA as a traditional acupuncture
technique has been studied as a pain-relieving method that
activates endogenous pain-inhibiting systems such as the
spinal/segmental gate mechanism and the endogenous
opioid system [15]. It has been found to induce pain relief
similar to that of fast-acting opiates during oocyte aspira-
tion, but with fewer side effects [51]. Studies have proved
that the mechanism of EA may be due to the electrical
stimulation pulses on some points; this could result in brain
activation. While the specific points were not conclusively
demonstrated, our present study indicates that EA, a tra-
ditional and convenient acupuncture method, still plays an
important role in IVF treatment, especially in Asian areas.
This may be due to a different acupoint stimulated reaction
in different area residents.

A recently conducted review indicated no significant
improvement in clinical pregnancy when acupuncture was
performed at approximately the time of ET, which differed
from our results. We found that the pooled CPR, LBR,
BPR, and OPR results were significantly higher in the
acupuncture groups compared with the control groups
when acupuncture was conducted during the time of COH
(CPR: 9 trials; n = 955; OR 1.71, 95% CI 1.27-2.29,
p = 0.0004, Fig. 3; LBR: 3 trials; n = 435; OR 2.41, 95%
CI 1.54-3.78, p = 0.0001, Table 3; BPR: 4 trials;
n = 522; OR 1.50, 95% CI 1.02-2.20, p = 0.04, Fig. 4;
OPR: 2 trials; n = 371; OR 1.88, 95% CI 1.06-3.34,
p = 0.03, Table 4), and the benefit was more obvious in
the Asian group. This result could be due to the potential
impact of acupuncture for the treatment of female
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infertility on the hypothalamic—pituitary—ovarian axis and
on the uterus, but the specific mechanism is still unknown.
However, if more individualized acupuncture programs are
used, more positive effects from acupuncture in IVF can be
achieved [57]. The effects of acupuncture change accord-
ing to a patient’s endocrine system; therefore, acupuncture
could be used successfully at different time points during
the COH procedure according to individual characteristics.

Oocyte retrieval is an important step in the IVF-ET
process. In recent years, the analgesic effect of acupuncture
has been clinically reported in transvaginal oocyte retrie-
val. There are many reports on acupuncture at some acu-
points enhancing the pain threshold and having an
analgesic and anesthetic effect in clinical operations. The
associated mechanism may be related to the promotion of
the circulation of Qi, removal of stagnancy, clearance of
channels, and activation of collaterals by acupoints. Sub-
sequently, in the present study, no significant differences
were found between the acupuncture and control groups
with respect to OA, which may be due to the limited RCT
study numbers.

To date, an increasing number of studies have been
conducted to evaluate the effect of acupuncture on IVF
outcomes, but the underlying mechanism remains unclear.
An important component of TCM, acupuncture is based on
the classic theory of TCM. The effects of acupuncture on
IVF or ICSI outcomes depend on various factors, such as
diagnosis of the patient’s condition according to TCM
theory, selection of acupoints, skills of the acupuncturist,
and efficacy of the type of acupuncture administered (tra-
ditional needling acupuncture, EA, LA, or AA). Adding to
TCM theory, Pinborg et al. [40] considered that the effects
of acupuncture are most likely to be involved with uterine
contractility instead of uterine receptivity. Acupuncture
may act by reducing the contractility of the uterus, thereby
preventing expulsion of embryos after transfer. However,
more basic studies are needed to further explore the
mechanism.

Study limitations

There were heterogeneities among these clinical trials,
especially in the acupuncture treatment method and acu-
point selection. Currently, there is no generally accepted
standard of reference for treatment. Both ancient and
modern acupuncture books clearly emphasize that needling
at some acupoints, such as Sanyinjiao, Jianjin, and Zhiyin,
is not appropriate for pregnant women because an abortion
can result. Therefore, using acupuncture in IVF to improve
and increase the pregnancy rate expands traditional
acupuncture beyond its original application range. How-
ever, different acupuncture techniques may result in
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different clinical effects, and slight changes have led to
quite different clinical effects in some trials. In the study by
Craig et al. [8], for example, the acupuncture scheme was
based on that reported by Paulus et al. [39], and only two
acupoints were added; however, the results of the two
studies were different. The different acupuncture sites may
be another influencing factor.

The number of embryos transferred is also an important
factor affecting IVF pregnancy rate. Clearly, the more
embryos that are transferred, the higher the chance that a
patient will become pregnant. However, in the present
review, most of the included RCTs did not mention the
number of embryos transferred.

Conclusion

In our study, we found that there is a benefit of acupunc-
ture, particularly EA, on IVF outcomes, especially in Asian
area. Therefore, we suggest that a future study should be
conducted to identify a standard dosage of acupuncture and
develop an effective protocol.
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