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Abstract

Background: The effects of acupuncture on in vitro fertilization (IVF) outcomes remain controversial. And the
variation in participant, interventions, outcomes studied, and trial design may relate to the efficacy of adjuvant
acupuncture.

Methods: We searched digital databases for relevant studies, including Embase, PubMed, Cochrane Library and
some Chinese databases up to December 2018, for randomized controlled trials (RCTs) evaluating the effects of
acupuncture on women undergoing IVF. We included studies with intervention groups using needling, and control
groups consisting of no acupuncture or sham (placebo) acupuncture. Primary outcomes were clinical pregnancy
rate (CPR) and live birth rate (LBR). Meta-regression and subgroup analysis were conducted on the basis of eight
pre-specified covariates to investigate the variances of the effects of adjuvant acupuncture on pregnancy rates and
the sources of heterogeneity.

Results: Twenty-seven studies with 6116 participants were included. The pooled clinical pregnancy rate (CPR) from all
of acupuncture groups was significantly greater than that of control groups (RR 1.21, 95% Cl: 1.07-1.38), whereas the
pooled live birth rate (LBR) was not. Meta-regression subgroup analysis showed a more significant benefit of
acupuncture for repeated IVF cycle proportion (number of women with a history of prior unsuccessful IVF attempt
divided by number of women included in each trial) 2 50% group (CPR: RR 1.60, 95% Cl: 1.28-2.00; LBR: RR 1.42, 95% Cl:
1.05-1.92), and this covariate explained most of the heterogeneity (CPR and LBR: adjusted R’ = 100 and 87.90%). Similar
results were found between CPR and number of acupuncture treatments (CPR: p = 0.002, adjusted R” = 51.90%), but
not LBR.

Conclusions: Our analysis finds a benefit of acupuncture for IVF outcomes in women with a history of unsuccessful IVF
attempt, and number of acupuncture treatments is a potential influential factor. Given the poor reporting and
methodological flaws of existing studies, studies with larger scales and better methodologies are needed to verify
these findings.
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Introduction

12.5% women failure to establish a clinical pregnancy
after 12 months of regular, unprotected sexual inter-
course [1, 2]. One of the most successful and commonly
utilized treatment options is IVF and its related deriva-
tive technologies. In 2011 worldwide, approximately 2.0
million IVF cycles were reported, resulting in 0.5 million
babies born [3]. Over the past few decades, technological
advances in IVF including advances in protocols for
ovarian stimulation, oocyte retrieval, fertilization, and
embryo culture and transfer, have resulted in more effi-
cient approaches to treating infertility [4]. Nevertheless,
delivery rates (DR) per aspiration remain low, with rates
of 19.8% in 2011 worldwide [3], and 22.3% in Europe,
2013 [5]. For many women, cycles need to be repeated
to be successful. Moreover, the IVF cycle is time-con-
suming and costly, including controlled ovarian
hyperstimulation (COH), oocyte retrieval, IVF/intracyto-
plasmic sperm injection (ICSI), embryo transfer (ET)
and luteal support, with costs range from $15,000 to
$18,000 per cycle, including medications. And the pre-
implantation genetic diagnosis (PGD) step of the process
meant another $3000 to $6000. Altogether, conserva-
tively speaking, about $20,000 [6-9]. Methods that are
effective in improving IVF outcomes may reduce the
need for an additional high-cost IVF cycle. Therefore,
there is a need to explore new techniques and therapies
to improve the success rates of IVF.

Acupuncture and other modalities of Chinese/East
Asian medicine have been used in women’s health for
many centuries. They are safe in the hands of competent
practitioners [10, 11], even for pregnant women suffer-
ing various complications (e.g. hyperemesis gravidarum)
[12, 13]. Many studies have reported that acupuncture
improved pregnancy rates among women undergoing IVF
[14-22], which may relate to the following mechanisms,
including regulating the function of the hypothalamic—pi-
tuitary—ovarian axis by changing the concentration of
central opioids [23-26], improving blood circulation to
the uterus and ovaries by inhibiting uterine central sympa-
thetic nerve activity [17, 27] and reducing stress, anxiety
or depression [28-30]. Subsequently, many systematic re-
views analyzed the effects of acupuncture among women
undergoing IVF [31-43], however, these meta-analyses
have led to different conclusions. Potential reasons for
these discrepancies include differences in how studies are
selected, and how participants, interventions and out-
comes are defined by reviewers [44]. Consequently, it may
be difficult to draw definitive conclusions based on previ-
ous meta-analyses. Hence, we conducted a new systematic
review and meta-analysis of randomized controlled trials
(RCTs) involving previously defined set of subgroup
analyses and meta-regressions to explore whether
variation among participants, interventions, outcomes
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studied, and trial design influence estimates of the effects
of adjuvant acupuncture on pregnancy outcomes in
women undergoing IVF.

Methods

Search strategy

We searched digital databases for relevant studies, in-
cluding Embase, PubMed, Cochrane Library and some
Chinese databases, such as WanFang, CNKI, VIP and
the Chinese SinoMed Database (up to December
2018). The MEDLINE search strategy is given in
Additional file 4: Table S1.

The following were used as free text terms and MeSH
terms: acupuncture therapy; acupuncture; electroacu-
puncture; auriculotherapy; auricular acupuncture; acu-
puncture analgesia; acup* and reproductive techniques,
assisted; assisted reproducti*; in vitro fertili*; intracyto-
plasmic sperm injection; embryo transfer; embryo
implantation; oocyte; egg collection. We combined this
search strategy with a filter for clinical trials.

The following terms were used in the Chinese database
searches: “ZHEN JIU” (which means “acupuncture and
moxibustion”); “ZHEN CI” (which means “acupuncture”);
“DIAN ZHEN” (which means “electroacupuncture”); “ER
ZHEN” (which means “auricular acupuncture”) and “FU
ZHU SHEN ZHI” (which means “assisted reproductive
technology”); “TT WAI SHOU JING” (which means “in
vitro fertilization”); “SHI GUAN YING ER” (which means
“test tube baby”); “LUAN BAO JIANG NEI DAN JING ZI
XIAN WEI ZHU SHE” (which means “intracytoplasmic
sperm injection”); PEI TAI YI ZHI (which means “embryo
transfer”).

We also scanned the Index to Scientific & Tech-
nical Proceedings (Web of Science), and the reference
lists of relevant primary and review articles were
examined to identify cited articles not captured by
electronic searches.

Study selection

The inclusion criteria were as follows: (1) RCTs that
evaluated the effects of acupuncture on IVF outcomes in
women undergoing IVF, with or without ICSI. Namely,
women in intervention groups received both IVF and
acupuncture and control groups received IVF with or
without sham/placebo acupuncture; (2) no restriction on
objective of study, meaning we included studies where
acupuncture was administered for pain relief during
oocyte retrieval, or for anxiety relief during IVF-ET, or
for improving IVF outcomes; (3) any of three types of
acupuncture: manual (MA), electrical (EA), and auricu-
lar acupuncture techniques; (4) studies using either trad-
itional acupuncture, in which needles were inserted in
classical meridian points, or western medical acupunc-
ture [45], in which the needles were inserted in non-
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meridian or trigger points; (5)a clear description of
acupuncture time. That is, we included studies which
give an equal number of acupuncture treatments for
women within a group; (6) needling in the control groups
could be either no acupuncture or sham (placebo) acu-
puncture; (7) both fresh and frozen—thawed embryo trans-
fer cycles reporting at least one of the following outcomes:
clinical pregnancy rates (CPR - a pregnancy diagnosed by
ultrasonographic visualization of one or more gestational
sacs or definitive clinical signs of pregnancy), or live birth
rates (LBR - the complete expulsion or extraction from a
woman of a product of fertilization, after 22 completed
weeks of gestational age; which, after such separation,
breathes or shows any other evidence of life, such as heart
beat, umbilical cord pulsation or definite movement of
voluntary muscles, irrespective of whether the umbilical
cord has been cut or the placenta is attached) [2]; and (8)
no restrictions on publication type or language. Where
studies had multiple publications, the main trial report
was used as the reference and additional details were
derived from secondary papers.

Exclusion criteria were as follows: studies of acupunc-
ture treatments without needling; retrospective studies,
case series, and studies with a crossover design.

Data extraction

Specific characteristics were extracted from each study:
first author, year, demographic characteristics (i.e. age,
IVF cycle number, duration of infertility, type of infertil-
ity, number of embryos transferred), invention (i.e. acu-
puncture type, acupoints, acupuncture time, number of
acupuncture treatments), type of control, IVF outcomes
and methodological quality of the trials.

Study selection and data extraction were completed
in duplicate and independently by two investigators
(ZYX and XL). A third reviewer (ZHP) independently
assessed the study for consensus in case of disagree-
ment. We corresponded with study investigators to
clarify further data on methods and results. The rele-
vant primary and review articles were also examined to
identify further data on methods and results not pub-
lished in the papers.

Quality assessment

Included studies were assessed for risk of bias using the
Cochrane risk of bias assessment tool [46] to assess the
following domains: random sequence generation; alloca-
tion concealment; blinding of patients; incomplete out-
come data; selective reporting; and other bias. The
GRADE methodology was used to assess the quality of
retrieved evidence (GRADEpro, Version 3.6 for Win-
dows, Grade Working group). The level of evidence was
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categorized into 4 levels: high, moderate, low, or very
low quality.

Outcome measures
We pre-specified clinical pregnancy rate (CPR) and live
birth rate (LBR) as our primary outcomes.

Miscarriage rate (MR: [CPR-LBR]/CPR) and any re-
ported side effects from the treatments were analyzed as
secondary outcomes.

Statistical analysis

Data were analyzed in accordance with the Cochrane
Handbook for Systematic Reviews of Interventions [47].
All data were dichotomous. Results were pooled and
expressed as relative risks (RR) with 95% confidence in-
tervals (CI) using RevMan V.5.3 meta-analysis software
(The Nordic Cochrane Centre, The Cochrane Collabor-
ation, 2014). Because of the expected heterogeneity of
acupuncture protocols, controls, and demographic char-
acteristics, a random effects model was used. Heterogen-
eity of treatment effects was evaluated graphically using
Forest plot, and statistically by /° statistic and chi-square
test. We performed both an available case analysis for a
main analysis and an intention-to-treat analysis (ITT)
for sensitivity analysis, which means all of the meta-
analyses were based on both the number of whose
results are known (available case analysis) and the num-
ber of women randomized (ITT).

Subgroup analyses

We conducted subgroup analyses on the basis of the fol-
lowing covariates: (1) age (< 33.3 or > 33.3 years); (2) dur-
ation of infertility (< 5.6 or>5.6years). Mean age was
33.3 years and duration of infertility was 5.6 years for the
largest IVF success rates prediction study (144,018
cycles) which assessed the extent to which baseline char-
acteristics be predict pregnancy rates [48]; (3) type of in-
fertility (primary infertility proportion <50% or = 50%);
(4) repeated IVF cycle proportion (number of women
with a history of prior unsuccessful IVF attempt divided
by number of women included in each trial) < 50% or >
50%; (5) number of embryos transferred (< 1.9 or > 1.9,
which was the average number of embryos transferred in
2011 globally [3]); (6) number of acupuncture treatments
(one or more than one session). We classified protocols
in which acupuncture was performed 25 min prior to
and after ET as one session, others counted as descrip-
tions in each study. This is because embryo transfer re-
quires only a few minutes, and the interval of two
acupuncture treatments performed 25 min before and after
ET is very short. Considering that the physiological effects
of acupuncture can continue for many hours [49, 50], it is
reasonable to classify this protocol as one acupuncture
treatment; (7) acupuncture type (electroacupuncture or



Xie et al. BMIC Complementary and Alternative Medicine

manual acupuncture); (8) type of control (no or sham
(placebo) acupuncture invention control).

Subsequently, a random effects meta-regression ana-
lysis was conducted for each variable in STATA version
14.0 (Stata Corporation, College Station, TX, USA).
P-value was significant at the 0.05 level. Each variable
tested independently in the model. Considering meta-ana-
lysis allows for residual heterogeneity among intervention
effects not modelled by the explanatory variables, it is rea-
sonable to use a random effects meta-regression analysis
[51]. Due to some variables in our meta-analysis being
mean values, we also considered the existence of
aggregation bias (also known as ecological bias or the eco-
logical fallacy) [52—54]. Multivariate meta-regression was
not conducted in our meta-analysis primarily because of
the limited number of included studies for each subgroup
and our objective was to identify the relevant influential
factors for the effects of acupuncture on IVF outcomes.

Publication bias

Publication bias was visually evaluated using funnel plots
when at least 10 trials were available for meta-analysis.
Subsequently, Egger’s test [55] was performed to statisti-
cally assess the degree of asymmetry, and a cumulative
meta-analysis was conducted to identify the potential for
small-study effects. A two-tailed p value <0.05 was con-
sidered statistically significant.

Sensitivity analyses
The sensitivity analyses were performed to explore
whether the overall conclusions were affected under the
four scenarios: (1) if we included randomized partici-
pants whose pregnancy outcome data were missing; (2)
if we re-classified before and after ET protocols into two
acupuncture sessions; (3) if we restricted CPR results to
the 15 studies which reported LBR; and (4) if we per-
formed the meta-regression and subgroup analyses
stratified by control type.

In addition, we performed the meta-regression subgroup
analyses according to ‘risk of bias’ of included studies.

Results

The selection process is documented in a PRISMA flow
chart in Additional file 1: Figure S1. Reasons for exclud-
ing studies are given in Additional file 8: Appendix 1.
Twenty-seven randomized controlled trials [14-22, 29,
56-72] with a total of 6116 participants met inclusion
criteria. The characteristics of the included studies are
displayed in Table 1.

Inclusion criteria
The differences among inclusion criteria for 27 studies
are as follows:
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Two German trials [14, 71] included only women with
good-quality embryos, and one trial [21] restricted eligi-
bility to women who had at least two previous unsuc-
cessful attempts of IVF. The other trials included
women with varying quality of embryos and number of
previous IVF attempts. One trial [18] restricted eligibility
to women with unfavorable reproductive prognoses, and
others included women without limit to reproductive
prognoses or ovarian responses. One trial [60] included
participants who were infertile with polycystic ovary syn-
drome (PCOS) and candidates for IVF/ICSI, others
included women with various causes of infertility. One
trial [63] restricted eligibility to frozen—thawed embryo
transfer cycles, and one [22] included both frozen—
thawed and fresh embryos, while the others used fresh
embryos. One trial [64] used ICSI for all participants,
whereas others used of ICSI for only some participants.

Acupuncture interventions

The timing of the acupuncture sessions differed some-
what among trials. Four studies [68-70, 72] performed
one acupuncture session during oocyte aspiration (OA).
Eleven studies [14, 19, 29, 57, 59, 61, 63-71] performed
one or two acupuncture sessions around embryo trans-
fer. Twelve studies performed two or more than two
acupuncture sessions. Among these, ten [17, 18, 20-22,
56, 58, 60, 62, 67] performed during COH with or with-
out ET day, two [15, 16] performed around and 2-3 days
after ET.

Seven studies [17, 22, 60, 68—70, 72] used EA, and
the other 21 trials used manual acupuncture (MA) as
adjunctive treatment. Six trials [19, 22, 29, 57, 68, 69]
did not report whether the needles used in the true
acupuncture group were manipulated to achieve the
de qi sensation (i.e. a sensation perceived by the
patients, which manifests as numbness, heaviness, dis-
tention, and soreness, with spreading sensation and it
is also perceived by the acupuncturists, which mani-
fests as heavy and tight sensation coming from
beneath the needle [73].) The remaining 21 trials nee-
dles were manually stimulated to obtain de qi sensa-
tion. Both Sator-Katzenschlager et al. [68] and
Westergaard et al. [16] had two intervention groups,
the former using auricular electro-acupuncture and
auricular acupuncture, and the latter performed MA
in different times between two invention groups. One
trial [59] used off-site acupuncture, which means only
patients in the acupuncture group were required to
drive to and from the off-site acupuncturist’s office
both before and after the embryo transfer procedure,
one [56] adopted both on-site and off-site acupunc-
ture, and the remaining 25 trials were all on-site
acupuncture.



Page 5 of 20

131

(2019) 19

Xie et al. BMIC Complementary and Alternative Medicine

J01z=U) 201z =) 13 199 () SWo2IN0 (65]
| YN 487 “ddO “ddD “ddd Juswiean) JueANfpe ON  Jeapun VN '13 910J3q W GT (1) 'SUOISSIS OM|. 444 SUS-UO 4Nl vsn £10C UHOW
(Sze=u) (0€z = u) 13 12)e AjP1RIPaWWI (7) 2Wodino 9l 0L0z
dl “dW tHET tddD JuaWeal) JueAnfpe oN SOA YN '13 210J2q W ST (1) 'SUOISSIS OM|. 14 oHs-UQ 4Nl |lzeig lyosepepy
(8¢ = u) Jaysuen
(9F = u) saujod ainoundnoe oAIquia Jo Aep ayy Jaye Aep ay1 uo(y)
paguasap Ajjedisse;d ‘2in1ound ueleAo Jo Aep ayi 210437 Aep
UM puodssiiod 03 Jou 341 UO(£) {(UoNdNPUI UONRINAC JO Aep
umouy| ale yoiym ‘ybiyy pue YauaAas) /() ((uondnpul uoe|nAo ElVilenllgle) [17] €10¢
HdD ‘Hdg ulle 9y} Ul paasul sa|pasN SOA YN Jo Aep 3s11)) 1 Q(1) :SUOISSSS N0 ) as-UQ 4N |1zeig eSOUWLIBYE||IA
(72 = ) J9ysue) 0AIqUID Ja)e UAID
SeM JusWIeal] 1se| 8yl ‘ulydonopeuob
JIUOHOYD UeWNY-g JO NS4 ay1 01
UOIBINAOC JO UONINPUL WO $53001d 4A| DRENIE]
(lg = u) uo 10U INQ 01 3SOP YdIYM 3joym ay1 pastidwod ‘pousd feam- Buirslfal [0d] ¢Loz
4dD SIS BY) Ul paLIasUl S9|pasN SOA YN © JOAO %93aM B 3DUO :SUOISSaS IN04 3% QUs-uQ  -A1LIxue |1zeig eSOUWLIBYE||IA
(S£=u) 109449
YO Ja)e A1dauip pajeulwss) pue Yo VINETTEY] [69] ¥00C
4dD “Hdd (001 =U) gDd + |luelusyly ON V3 91043 S9INUIW M3} B UOISS3S UQ 00¢ AS-UQ -ured Sjlewusg ueplewny
(0€ = u) |eAd1Id] 914000
(9= 1u) 21043 Aep a3yl 01 Zp WOJ) ‘SHoom Eliilenmiigle]
4dD JUaWIeaI) JUAN[pE ON SOA v3 7 10 399M B 9DIM] :SUOISSDS INO4 95 aS-UQ 4N uemie| [£1] 600C OH
(/9= u) J3jysuesy oAiquua Jaye
pue s10J3q () ‘[eAsiial B6s 21043
(09=u) (7) ‘uonenuuis UeLIAO JO g pue Ei{emigle] [85] 910¢
4dD 1USW1e311 JUeAN[pE ON| SOA YN 9 SABP U9IMIS] (|) :SUOISSDS DIy yad [s-UQ 4N NN ueulia||in
(€c=U) 13 18ye
(€c=u) Y L uyim (€) YO 210)2q p €= (0) SWodINo [c9] 110z
dl “dW tHET “YdO tddD 1usWieal] 1ueAnfpe oN SOA YN YO 310J3q p/=G (1) 'SUOISS3S 331y o SUS-UO B Aley lueljo4
o(89=U) o(82 = U) 13 Jaye Ajreipawiwl (2) 2WodINo [
YdD ‘Hdg 1USWIeal) JURAN(pR ON  JB3DUN YN ‘13 210J9q W GZ (L) 'SUOISSSS OM | 0S1 2US-UQ 4AI VSN 6007 Jewoq
(601 = u) Aujnizy
2dUsN|jul 01 10U paubissp
alam ydiym syuiodnoe (QLL=u) 13 Joye skep € () 2WwodIN0 [S1]
| YN “dd7 “ddO “ddD “ddd [Bo1 Ul PaLI9SUI S9|Pa9N S9A YN 113 J9)e A[PIeipawwl (1) 'SUOISSs oM. 144 QUS-UO 4N Auewnso 900¢ °H=19Ia
©9s5=u) (£5=U) 13 49ye Y Z=1 uiyum () ‘13 9W0o3INo (6s]
dA “d9T “ddD “ddd JusUIeaN JeANfpe ON SOA YN 910J3G Y Z—1 UIYUM (]) SUOISSSS OM | €Ll SUSHO B vsn 10z breid
(zol = u) 13 12)e Aj1eIpawwll (€)
(coL =u) ‘13 210j9q W O€ (¢) ‘uonenwins aWodINo (81l
dl “HA tHET tddD JusUIea) JeANfpe ON SOA YN UBLIBAO JO G P (1) 'SUOISSS 31y | 0 QUS-UO B Aley 0L0¢ lpjouly
(Lzg = u) pasn ainpundnoe
anJ1 3yl Yoiym spuiodnoe
Sues 3y o padeld  sa|pasu (FLE = u) 13 Joye Aj@1eIpaww (7) Eliileniigle] [59] 010C
dl SN tHET “HdO “ddD “ddd 0gaoe(d Ja619GURNS BYL S9A YW 13 910J2q W O€E (1) 'SUOISSIS OM| S€9 SUS-UO AL Spewusd uaslopuy
uonesuas adAy pasiuopuel uoned0|  dARI3[qO
SOUIODINO HA| olonuod b ag ainpundnoy SUOISSaS aun1dUNdNdY 'ON  2inpundnoy urepy Aiunod Apnmis

MB3IAJ SIU} Ul PIPN|DUL SIIPNIS 3Y JO SDsHaIdRIRYD | djqeL



Page 6 of 20

131

(2019) 19

Xie et al. BMIC Complementary and Alternative Medicine

1949 [c/] 6661
(G/ = U) VO Joye A1da1ip pareulwial SVINETIEY] ULOIDIA
dl “dN tHET “ddD (S£=U) g0d + |luRIs)ly S9A V3 pue YO 21042q W Qg “UOISSaS SUQ 0sl dUs-UO -uled uspams -laua1s
(€LL=u)
uopesuss bunenauad ‘Buppud e
syuaied oAb 03 pasn ainjoundnoe
N1 Y3 Yoiym sputodnoe
Suies 3y uo padeld  sa|pasu (€11 =u) 2WOodIN0 Buoy
| “HA “dd7 “d4dO “HdD “ddd oqde|d 1ab1agHans Ay L SOA VN 13 1214 AR1eIpaUILI (UOISS3S SUO e QUs-UO 134 BuoH (€9l 0l0T 0S
(681 = u) uonesuss
Bupenauad ‘Buppud e syuaned
oAb 01 pasn ainpundnde
anJ1 3y Yoiym syurodnoe
dwies 9y uo paded ,sa|pasu (581 = U) 13 19e Aj=1eIpauwl 2W0dIN0 Buoy|
dl “dN tHET “HdO “ddD “ddd 0gaoe(d J9b49GURNS BYL S9A VN (¢) "13 210§9q Wi ST (1) SUOISSaS OM | 0/¢ d)s-Uo E/ BuoH [99] 600C 0S
4(rey = u) swuiod y(rTy = u) 13 Jaye Ajeipawiul (€) Aaeau puejesz
2In1ouNdNoe UMOUS| W01} Aeme ‘13 21029 Y | (¢) ‘UOneNWIS UBLIPAO JO 1O SI2IUSD 4| SWODINO  M3N pue [95]
pade|d Js9|pasu Wieys ied SOA VIN 8P PUE 9p USaMm1aq (1) :SUOISSS 931y 8¥8 9yl 1 2US-UO 4N eljessny 8107 Yuws
(811 = u) sauod
2In1oundnde [eas ay3 Uuo jou (OLL = U) 13 Jaye AjPrepawiwl
ng 01 350> pace(d gSoIpasu (€) ‘13 210429 Wi G7(7) ‘suondsful EWilenllgle) [£9]
ddO “HYdD 0qa2e(d 1a619GURNS BYL SOA VN Bunenuins Jo 6p (1) SUOISSaS 33141 8¢C 9Us-UO B eljeasny 900¢ Yuws
(0€ = u) uonejnwins
[BD11D3[9 INOYUM ,, UG- YL 10949
0] Pa123UUOD JBS 3|OYM 3} (P9 =U) YO Ja)e y | |nun paise| Buirslfal [89]
Hdd 19A0 3de) SAISSYPE UP + YDd ON VIN/V3 pue YO 21030 W QE:UOISS3S dUQ 6 [)s-UQ -Uled eljessny 900¢ H-101eS
(L€ =) 13 Joye Aj1eIpauwl
(9) ‘13 210jeq W OE () ‘NdO 240429
sKep z(€) ‘uonenuwins Jo Aep sl syl (7)
‘(uonenbaiumop
(le=u) 4O 1e3s) 912Ad snoinsid ayy Jo 2WodIN0 [09]
ddO “HYdD “ddd JuswIea1) JueANfpe ON S9A vl AepIsiZ 9yl UO W Og(1) [SUOISSIS SNl 9 SUS-UO BN uel| €10 Ip1ysey
(78 = ) Jaysuey oAiquua 210434 3PAd SWOdINO
@8=u) auo(g) aunpund Jaye shep ¢(¢) “Aep 134 [caoloz
4dO “HdD ‘Ydg 1USW1ea11 JUBAN(pE ON| ON V3 ain1dund 214500(|) :SUOISSaS 931y | 91 3)s-UO pue 4A| ueJ| IpuUBAAS
(001 = u) pasn ainoundnoe
anJ1 3yl Yoiym syutodnoe
Swies sy uo paseid gS9Ipssu (001 =U) |3 Joye AR1eipawwil (7) 2Wod1no [1/]
dWN “HET “YdO “ddD 0qa2e(d Jab1aqRNS BY L S9A VN ‘13 210J3q W GT (1) SUOISSSS OM|. 00¢ QUs-UO 4N Aueuwnso €00¢ snined
(0g=u) (08 = u) 13 19e APP1eIpawIU (¢) swodno 4N
YA Y497 “HdO “HdD 1USW1ea11 JUBAN(pE ON| SIA YIN ‘]9 210490 W ST (1) :SUOISSIS OM | 091 QUS-UQ A Auewieo 2002 snjned
yrel=u) (P =) 13 43ye Ajareipawiwl (7) 2WodINo [6l10L0C
4N “HET “YdO “ddD Jusuneas) JueAnfpe ON  Jeapun VN '13 210J9q W GT (1) SUOISSES OM|. 489l SUS-UO B Aley 1I9pOWO
(£ = u) syujodnoe eas ayy
‘U0 10U INQ ‘01 ISOP YIIYM (£8=u) 13 Jaye A1eipswiwil (7) 2W0odIN0 [19]
ddD “ddd S91Is 9yl Ul pauasul sa|pasN S9A VN '13 910J2q W ST (1) 'SUOISSaS OM] L9l dUs-Uo B vsn 110z Aow
uonesuas adAy pasiuopuel uoned0|  dARI3[qO
SSWODINO /| Jlonuod b ag ainpundnoy SUOISSaS aIn1dUNdndy ‘ON  2indundndy urepy Aiunod Apnmis

(PaNUUOD) MIIARI SIUY Ul PIPN[DU S3IPNIS SU3 JO Soispdeiey)) | ajqel



Page 7 of 20

(2019) 19:131

Xie et al. BMIC Complementary and Alternative Medicine

(p3sn q 01 elep 10j JUBSUOD [emeipylm) sisAjeue woly papnxe dnoib [03u0d Ul KZr/SL pue dnoib ainidundne ul vy/6,

(uoneziwopues Jaye Jayuny sjedipied 0 [2oued) Apnls ay3 woy papnpxe dnoib joiuod ays ul syusned 9z/s;

sisA[eue-e1aw ay) 4oy 1913601 WIdY) PIUIGUIOD dM PUE ‘[eL) BY) Ul SWIE UOUIAISIUI OM) Bk 313Y],
(€10Z “e 33 “;owIdyuely) 3 papodas maIA1 J9Y30 Ing ‘uonewojul buiysiignd sy wouy 3jqejiee Jou asem dnoib ydes Jo Jaquinu ay],,

awodino A>ueubaid |ed>

|2 3y aAa1yde 01 aunjiey syuedidiued asay) ay) pawnsse pue syuedidiued asayy

Spnul-31 0) sem sisAjeue-e1aw INQ *(£10g “[e 19 ‘JawIsyuely) sisk[eue sIoyine el 3Y) WOlj PIPNIXS 219M Jajsuel) oAiquis 0) pasdoid Jou pip oym (jouod /| ‘ainidundnde gz) suedpiied 6 9y g
dnoub IN ay1 papnpput A|uo siskjeue-e3aw Uno pue’(IN) Judluleas) ou pue (xy) uonexefas ‘(weys 77) aindundnde Iase| weys:jely ay) ul sdnoib [0u0d 331y3 d1e 3Iy],

dnoib Dy ay1 papnpoul Ajuo siskjeue-elsw Jno pue‘(Qy Z1) ain1dundnde Iase| pue (Jy) ainldundnde s|pasu:jel syl Ul sdnolb UOIUSAUL OM) SJe dI3Y]

sioyine [ely ay1 Aq papiodal 10U d1om sjuedidiied paziWwopues 0§ L/ 104 SSWOdIN0 By} pue Juswubisse Juswiean ayj,
dn juniq e pue yeys 3|pasu 3|qeIdeIII B SBY S|PI3U WeYS died,
N30 jou pIp uoneiidUSd UBis ‘pajUN|g S| B|PaaU ogaded JaBIaquaas Byl Jo din By,
dnoib ain1oundnde anuy syl 104 Pasn 1ey) se 3|NPayds swes syl uo UsAIb sem ainpadold ainidundnde weys ayl ‘s|ell paj|oiuod-weys ||e o4,

91e4 dbeLIRISIW Yy ‘D381 YUIq Al ¥gT ‘D3el Aoueubaid Bujobuo Y40 ‘a1es Aoueubaid [ediuld ¥qd ‘Srel Aoueubaid [ediwaydoiq

Hdg ‘@nuiw w ‘Inoy y ‘Aep p ‘aanpundnde 041339]9 7 ‘inidundnde [enuew vy ‘uonenwisiadAy ueeAo Pajjoiuod HOD “Uajsuel) okiquia |7 ‘uonelidse 914300 YO ‘syutod 2in3dundndy spuiodndoyialoN

(00l =u)

13 19e p 7 (€) 113 Joye Ajsreipawwi(g)
]9 210J2Qq W G7 (L) :SUOISSaS 21y |

:z dnoub aunypundndy (0oL =U) |3

(0oL =u) JayeA|RieIpawwi(z) 113 210499 W Gz(l) Ellemigle] [91] 900C
dl YN “HGT “HdO ‘HdD ‘Ydg 1Uswieall JueAn(pe oN SOA VN 'SUOISSas oM :| dnoub ainpundnoy 00§ 3S-UQ A ewusq pleebialsap
(LyL = U) YO 49y Apdalip pajeuius) auodIno [0/] €00C UHOLIA
dl *4dO “¥dD (S¥l = U) gXd + [lueIURY|Y SOA \E&| pue QO 210j3g W O¢ :U0Isses auQ 98¢ {Ns-UuQ B Uspams REREAN
uonesuas adAy pasiuopuel uoned0|  dARI3[qO
S3UWO0DIN0 HA| Jlonuod b ag ainpundnoy SUOISSas aun1dUNdNdY 'ON  ainpundnoy urepy Ainunod Apnig

(PaNUUOD) MIIARI SIUY Ul PIPN[DU S3IPNIS SU3 JO Soispdeiey)) | ajqel



Xie et al. BMC Complementary and Alternative Medicine

Controls

The control groups included no acupuncture and sham
(placebo) acupuncture (Table 1). Eleven trials used sham
or placebo acupuncture [15, 20, 21, 56, 61, 63, 65-68,
71], the others used no acupuncture intervention as the
control group. One [21] had two control groups, one
sham acupuncture group and one no acupuncture con-
trol group, and these were grouped separately for rele-
vant subgroup analyses.

IVF outcomes

Clinical pregnancy rates were available from all the 27
trials. Fifteen [14-16, 18, 19, 56, 57, 59, 62-66, 71, 72]
reported live birth rates and miscarriage rates.

Methodological quality of the studies

A summary of the risks of bias in included studies is
presented in Fig. 1. Nineteen studies were at low risk
of selection bias related to the random sequence gen-
eration. Eight studies [17-19, 22, 62, 69, 70, 72] were
at unclear randomizations as they did not describe
the randomization method used. For three studies
[18, 57, 64], there was inadequate allocation conceal-
ment, which placed them at high risk of bias. Six
studies did not describe allocation concealment and were

(2019) 19:131
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at unclear risk of this bias [17, 19, 22, 60, 62, 68]. However,
selection bias does not appear to be an issue in these trials,
because of the similar baseline among groups. Owing to
the nature of acupuncture studies, absolute double blind-
ing was often not possible. Ten trials [15, 20, 56, 61, 63,
65—68, 71] were at low risk of performance bias due to the
use of sham or placebo acupuncture controls for blinding.
Villahermosa et al. 2013 [21] had two control groups, a
sham acupuncture group and a no acupuncture interven-
tion control group, so we scored this criterion as “unclear
risk” for blinding of patients. The remaining trials used no
acupuncture intervention as the control group and were
considered to be at high risk of bias. In nine trials [16, 17,
56, 59, 60, 64, 67, 69, 70], some randomized women began
the IVF process but did not complete embryo transfer,
nevertheless, we included these women in the
meta-analysis. In ten trials [16, 17, 29, 56, 58, 59, 61, 68,
70, 72], there were small numbers of randomized women
with missing clinical pregnancy outcomes, however, we
re-included them in the sensitivity analysis to explore its
effect size on pregnancy outcomes.

Effects of interventions
CPR data (Fig. 2) were available from 27 trials (n = 6116).
Pooled results showed a significant difference between

Random sequence generation (selection bias) —:I
Allocation concealment (selection bias) _:-
Blinding of participants (performance bias) __
Incomplete outcome data (attrition bias) _:. A
Selective reporting (reporting bias) _
otherbias MM B
k t t t !
0% 25% 50% 75%  100%
. Low risk of bias I:' Unclear risk of bias . High risk of bias
g
L
c < 2 2 g
< £ 8 38 g
§ T 5 3 § ] o =z Z [0} > B
T 3 a3 < < 8 2 @ 4 o O g 5 z 2 9 > 2
e 33§ % $ 92835 ¢¢Z:858%:_.3:¢¢839353
8¢ 3399229422 :¢83585 88 z38 53332 838¢
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Fig. 1 Risk of bias graph (a) and risk of bias summary (b) based on review authors’ judgments about each risk of bias item
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Andersen 2010 101 314 112 321 5.6% 0.92 (0.74, 1.15) ™

Dieterle 2006 39 116 17 109 3.3% 2.16 [1.30, 3.58] -

Moy 2011 39 86 39 74 4.8% 0.86 [0.63, 1.18] i
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No acupuncture invention control
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Craig 2014 24 55 35 54  44% 0.67 [0.47, 0.96) =

Domar 2009 24 78 23 68 3.5% 0.91[0.57, 1.46] - T

Feliciani 2011 1 23 10 23 2.6% 1.10 [0.58, 2.07) ~

Gillerman 2016 31 67 13 60 3.0% 2.14 [1.24, 3.69]
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Madaschi 2010 84 230 67 225 5.2% 1.23 [0.94, 1.60] i i
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Peyvandi 2016 31 82 17 82 33% 1.82[1.10, 3.03] _—

Rashidi 2013 8 31 5 31 1.3% 1.60 [0.59, 4.35] -

Stener-Victorin 1999 28 75 19 74 3.4% 1.45[0.89, 2.36) T

Stener-Victorin 2003 43 136 49 138 4.6% 0.89 [0.64, 1.24] -1

Villahermosa 2013 10 28 2 28 0.7% 5.00 [1.20, 20.79] »

Westergaard 2006 70 199 21 93 3.9% 1.56 [1.02, 2.37] —

Subtotal (95% Cl) 1574 1510 57.9% 1.28 [1.08, 1.52] ’

Total events 600 473

Heterogeneity: Tau? = 0.07; Chi? = 40.33, df = 16 (P = 0.0007); I = 60%

Test for overall effect: Z = 2.81 (P = 0.005)

Total (95% CI) 3099 3017 100.0% 1.21[1.07, 1.38] L 2

Total events 1113 948 ) ) ) ) ) )
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Fig. 2 Effect of acupuncture on the clinical pregnancy rates in women undergoing IVF. Villahermosa 2013 had one acupuncture group and two
control groups (sham acupuncture group and no intervention control group), two control groups were grouped separately for relevant subgroup
analysis, and when calculated the total pooled risk ratio (RR), we took them together

acupuncture and control groups (RR =1.21, 95% CI: 1.07—
1.38, p = 0.003, I? = 64%).

LBR data (Fig. 3) were available froml5 trials (n =
4472). There was no statistically significant difference
between acupuncture and control groups (RR=1.14,
95% CI: 0.96-1.35, p = 0.14, I’ = 63%).

Subgroup analysis

There was statistical heterogeneity for pregnancy out-
comes across studies (CPR: x*P-value < 0.00001, I = 64%
and LBR: x*P-value=0.0005, I° = 63%, respectively).
Random-effects meta-regression and subgroup analyses
were used to explore the potential sources of heterogen-
eity. The information on the variables for meta-regression

analyses are displayed in Table 2. Meta-regression sub-
group analyses were performed based on age, duration of
infertility, primary infertility proportion, repeated IVF
cycle proportion, number of embryos transferred, type of
acupuncture invention, number of acupuncture treat-
ments and type of control group to determine the possible
effects of these variables.

Repeated IVF cycle proportion (number of women
with a history of unsuccessful IVF attempt before in-
cluded divided by number of women included in each
trial) was reported in 11 studies [15, 18, 21, 56, 63, 65—
68, 70, 72]. In subgroups classified by repeated IVF cycle
proportion (= 50% or < 50%), a significant outcome was
found in the repeated IVF cycle proportion > 50% group
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Smith 2018 74 415 72 409 8.7% 1.01[0.75, 1.36) -
So 2009 55 185 71 185 8.8% 0.77 [0.58, 1.03] -/
So 2010 33 113 40 113 7.5% 0.82[0.56, 1.21] -1
Subtotal (95% CI) 1243 1237 46.5% 1.01 [0.80, 1.27] S 4
Total events 309 320
Heterogeneity: Tau? = 0.05; Chi* = 13.81, df = 5 (P = 0.02); I? = 64%
Test for overall effect: Z = 0.07 (P = 0.94)
No acupuncture invention control
Arnoldi 2010 10 98 8 100 29% 1.28 [0.53, 3.10] - 1
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Paulus 2002 26 80 14 80 5.1% 1.86 [1.05, 3.29] S
Stener-Victorin 1999 25 75 13 74 50% 1.90 [1.05, 3.42] .
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Subtotal (95% Cl) 1013 979  53.5% 1.26 [0.99, 1.60] et
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Heterogeneity: Tau? = 0.07; Chi? = 19.17, df = 8 (P = 0.01); I? = 58%
Test for overall effect: Z = 1.88 (P = 0.06)
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Total events 621 570
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Fig. 3 Effect of acupuncture on the live birth rates in women undergoing IVF

(CPR: RR = 1.60, 95% CI: 1.28-2.00; LBR: RR = 1.42, 95%
CI: 1.05-1.92, Table 3). The results of univariate
meta-regressions indicated that pooled RR significantly
varied with repeated IVF cycle proportion, and a positive
correlation between the two was detected (Fig. 4). It was
also the major sources of heterogeneity explained the
great mass of the between-study variance for pregnancy
outcomes (CPR: p< 0.001, adjusted R° = 100%, I
residual = 0%; LBR: p = 0.046, adjusted R* = 87.90%, I
residual = 32.78%; Table 3).

In the subgroup analysis based on the number of acu-
puncture treatments, the results indicated that women
receiving two or more treatments had a significant im-
provement in clinical pregnancy (CPR: RR =1.60, 95%
CI: 1.32-1.92, Table 3). The results of univariate
meta-regression with clinical pregnancy rates as the
dependent variables also suggested that number of
acupuncture treatments was a statistically significant
variable which explained 51. 90% of the heterogeneity
between included studies (p= 0.002, adjusted
R® = 51.90%, I residual = 48.40%, Table 3). Unexpect-
edly, the meta-regression for live birth rates did not
offer sufficient evidence to convince us that the number
of acupuncture treatments was a covariate that led to

heterogeneity (p= 0.654, adjusted R° = -7.71%, I°
residual = 64.01%, Table 3), as per our hypothesis that
there was an increasing gradient of RR with increasing
acupuncture treatment number.

In addition, differences in age, duration of infertility,
type of infertility, number of embryos transferred, type
of acupuncture invention and control fail to explain a
large proportion of the between trial variability. Detailed
results of meta-regression subgroup analyses are dis-
played in Table 3.

Side effects

Fifteen trials evaluated the possible impact of acupunc-
ture on miscarriage rates. Using the random-effects
model, pooling of the results from the 15 trials showed
no significant difference in the miscarriage outcome be-
tween the acupuncture and control groups (RR =1.14,
95% CI: 0.93-1.41; Additional file 2: Figure S2).

Sensitivity analyses

The analyses described above were repeated under the
four scenarios: (1) when we included randomized partic-
ipants whose clinical pregnancy outcome data were
missing, the above finding were not affected; (2) when
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Table 2 The information of variables for meta-regression subgroup analyses

Study Age Duration of Repeated IVF No. of embryos  Primary No. of acupuncture  Acupuncture — Control
(years) infertility (years) cycles(%) transferred infertility(%)  sessions type
Andersen 2010 [65] 310 25 42.4% 1.39 71% 1 MA SC
Arnoldi 2010 [18] 100% 2.10 2 MA NC
Craig 2014 [59] 331 210 1 MA NC
Dieterle 2006 [15] 349 54 83.6%° 260 80% 2 MA SC
Domar 2009 [29] 36.1 251 1 MA NC
Feliciani 2011 [62] 349 1.84 3 MA NC
Gillerman 2016 [58] 3 MA NC
Ho 2009 [17] 350 356 4 EA NC
Humaidan 2004 [69] 31.0 1 EA NC
Madaschi 2010 [64] 350 215 1 MA NC
Morin 2017 [59] 345 257 1 MA NC
Moy 2011 [61] 332 2.15 63% 1 MA SC
Omodei 2010 [19] 357 2.05 1 MA NC
Paulus 2002 [14] 325 2.15 1 MA NC
Paulus 2003 [71] 326 1 MA SC
Peyvandi 2016 [22] 3 EA NC
Rashidi 2013 [60] 316 93 2.55 76% 4 EA NC
Sator-K 2006 [68] 338 77.7% 1 EA/MA SC
Smith 2006 [67] 36.0 29 52.2% 76% 2 MA SC
Smith 2018 [56] 354 70% 132 74% 2 MA SC
So 2009 [66] 36.0 4.0 30.5% 1.89 61% 1 MA SC
So 2010 [63] 36.0 5.0 1.93 38% 1 MA SC
Stener-Victorin 1999 [72] 334 60.4% 203 1 EA NC
Stener-Victorin 2003 [70] 329 47.8% 1.92 1 EA NC
Villahermosa 2012 [20] 342 40 4 MA SC
Villahermosa 2013 [21] 36.2 4.5 100% 213 82% 4 MA SC/0CP
Westergaard 2006 [16] 370 3.7 73.6% 207 42% 1/2¢ MA NC

Note: MA manual acupuncture, EA electro acupuncture, SC sham control, NC no intervention control

“Dieterle 2006 reported clinical pregnancy rates for first, second and more than two IVF cycles, and then we grouped these three arms separately for

meta-regression subgroup analyses

PThis trial had two control groups, sham acupuncture group and no intervention control group,and these groups were grouped separately for relevant

subgroup analysis

“Westergarrd 2006 had two acupuncture treatment arms, one arm received two sessions and the other arm received three, and these arms were grouped

separately for this meta-regression

acupuncture protocol which performed pre- and post-
ET was regarded as two acupuncture sessions, the
results for subgroup analysis and meta-regression re-
main unchanged (CPR: p =0.008; LBR: p =0.817); (3)
when we restricted CPR to the 15 studies which re-
ported LBR, the pooled results returned no difference
between acupuncture and control groups for CPR
(Additional file 3: Figure S3). In meta-regression and
subgroup analyses, the repeated IVF cycle proportion
remained a statistically significant effect modifier
(p =0.006), but the number of acupuncture treat-
ments did not (p =0.240; Additional file 5: Table S2);
(4) we also analyzed sham-controlled and no adjuvant

treatment controlled trials separately. However, since
there were no large or significant differences between
these two subsets in LBR (Table 3), as well as the
largely similar subgroup effects across the two control
groups, we preferred to conduct meta-regression and
subgroup analyses stratified by control type for CPR.
There were no significant changes in the results: the
repeated IVF cycle proportion and number of acu-
puncture treatments remained statistically significant
effect modifiers whenever restricted to no acupunc-
ture invention control (p =0.049 and 0.035) or sham
(placebo) acupuncture control (p =0.009 and 0.010;
Additional file 6: Table S3).
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Characteristic

Subgroup analyses

Meta-regression

No. of No.of  Random-effects  Heterogeneity Coefficient  p- resid Adj R
subjects  studies  RR (95% Cl) ﬁ value

Clinical pregnancy

Age
< 333 years 1800 8 0.96 (0.82, 1.13) 42.1%  0.097 0.045 0.270 60.38% 0.71%
> 333 years 3821 16 127 (1.08,1.50)  62% < 0.005

Duration of infertility
< 5. 6years 2103 8 1.27 (095, 1.71) 776% < 0001 0.072 0523 76.70%  —5.06%
2 5. 6years 62 1 1.60 (0.59, 4.35) / /

Percentage of primary infertility
< 50% 518 2 1.11 (0,59, 2.10) 82.7% 0016 1.252 0.203 71.19% 2.77%
2 50% 2588 8 1.18(092,1.52)  737% < 0.001

Percentage of repeated IVF cycle
< 50% 1279 3 0.86 (0.75, 1.00) 0% 0.63 1.59 <0.001 0% 100%
2 50% 2099 8 1.60 (1.28,2.00)  39% 0.12

No. of embryos transferred
<19 1875 4 0.96 (0.79, 1.16) 46% 0.14 0219 0.305 65.92% 0.79%
219 3186 16 124 (103,149  673% < 0.001

Type of acupunture invention
Electroacupuncture 958 7 1.30 (0.96, 1.75) 56.5%  0.032 0.066 0713 6529%  —6.38%
Manual acupuncture 5187 21 1.21 (1.04, 1.40) 67.8% < 0.001

No. of acupuncture treatments
one session 3962 16 1.06 (0.92, 1.21) 61.1%  0.001 0.248 0.002 48.40% 51.90%
2 tWO sessions 2055 12 1.60 (1.32,1.92) 249%  0.199

Type of control group
Sham or placebo acupuncture control 3060 11 1.14 (0.94, 1.39) 66.6%  0.001 -0.109 0.466 62.34% —0.25%
No acupuncture invention control 3084 17 1.28 (1.08 1.52) 60.3%  0.001

Live birth

Age
< 333 years 895 3 0.96 (0.59, 1.58) 77% 0.013 0.026 0.693 68.74%  —13.18%
2 333 years 3179 10 1.18 (096, 145  63% 0.003

Duration of infertility
< 5. 6years 1748 5 1.03 (0.76, 1.40) 71.6%  0.007 0.157 0.712 7535%  —20.26%
=5 6years / / / / /

Percentage of primary infertility
< 50% 518 2 1.07 (062, 1.83) 69.7%  0.069 0497 0.658 7140%  —43.04%
2 50% 2054 4 100 (0.74,136)  71.7% 0014

Percentage of repeated IVF cycle
< 50% 1005 2 0.81 (067, 1.01) 0% 0673 1.256 0.046 32.78% 87.90%
2 50% 1688 5 142 (1.05,1.92)  45% 0.12

No. of embryos transferred
<19 1865 4 0.87 (0.74,1.02) 0% 0.604 0.386 0.163 62.55% 7.83%
219 2397 10 1.27 (100, 1.62)  66.0%  0.002
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Table 3 The results of meta-regression subgroup analyses for primary outcomes (Continued)

Characteristic Subgroup analyses Meta-regression
No. of No.of  Random-effects  Heterogeneity Coefficient  p- resid Adj R
subjects  studies  RR (95% Cl) 2 p value
Type of acupunture invention
Electroacupuncture 149 1 1.90 (1.05, 342) / / 0534 0.226 61.92% 9.04%
Manual acupuncture 4323 14 1.11 (093,131 62.0%  0.001
No. of acupuncture treatments
one session 3080 11 1.13(0.92, 1.39) 704% < 0001  0.099 0.654 64.01% —7.71%
2 two sessions 1485 5 1.22 (0.93, 1.60) 232%  0.266
Type of control group
Sham or placebo acupuncture control 2480 6 1.01 (0.80, 1.27) 63.8% 0017 -0.213 0274 60.40% 721%
No acupuncture invention control 1992 9 1.26 (0.99, 1.60) 583% 0014
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In addition, we performed the meta-regression sub-
group analyses according to ‘risk of bias’ of included
studies. When we restricted study eligibility to “low risk
of bias”, the results remained stable (Additional file 7:
Table S4).

Publication bias

Funnel plot analysis showed that there were no significant
publication biases for most analyses, except for acupunc-
ture compared with all controls for clinical pregnancy
rates (Fig. 5). Both Begg’s and Egger’s test results sup-
ported the possible of publication bias (p = 0.006).

Levels of evidence

Opverall, the levels of evidence as determined by GRADE
were very low for the pooled CPR (27 studies) and LBR
(15 studies) from all the acupuncture groups compare
with control groups. For miscarriage rates, moderate qual-
ity of evidence was found. In stratified analyses, moderate
quality of evidence showed that acupuncture improved
IVF outcomes among women with a history of unsuccess-
ful IVF attempt. However, the levels of evidence for other
subgroup analyses were found to be from very low to low.

Discussion
Main findings
The objective of this review was to summarize and
evaluate the effects of acupuncture on pregnancy

(2019) 19:131

Page 14 of 20

outcomes among women undergoing IVF. Compared
with controls, we found a low level of evidence that acu-
puncture significantly increased CPR among women
undergoing IVF (RR =1.21, 95% CI: 1.07-1.38), but not
LBR. However, there was substantial heterogeneity be-
tween these trials. Subsequently, in subgroup analyses
classified by the repeated IVF cycle proportion (= 50%
or <50%) and number of acupuncture treatments, we
found a moderate level of evidence that acupuncture im-
proved IVF outcomes in repeated IVF cycle proportion
>50% subset (CPR: RR =1.60, 95% CI: 1.28-2.00; LBR:
RR =142, 95% CI: 1.05-1.92), as well as in more than
one acupuncture treatment subset for CPR (RR = 1.60,
95% CI: 1.32-1.92). And the univariate meta-regression
suggested a positive correlation between the pooled RR
and repeated IVF cycle proportion (CPR: p < 0.001; LBR:
p = 0.046), it was also the major sources of heterogeneity
(CPR: adjusted R? = 100%; LBR: adjusted R® = 87.90%).
Similar results were found between the pooled CPR and
number of acupuncture treatments in the meta-regres-
sion model (p= 0.002, adjusted R° = 51.90%, I
residual = 48.40%).

Moreover, the results of sensitivity analysis were also
consistent with the findings described above, except for
the scenario when CPR results were restricted to the 15
studies which reported LBR. In that case the results of
the meta-regression between the pooled CPR and num-
ber of acupuncture treatments turned negative.

Funnel plot with pseudo 95% confidence limits
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Fig. 5 The funnel plot for the 27 eligible studies (Begg's and Egger’s test, p = 0.006). The studies are separated into two groups by No. of




Xie et al. BMIC Complementary and Alternative Medicine

Interpretation

This review indicates that acupuncture improves CPR
rather than LBR. Firstly, we considered this suggested a
higher risk of miscarriage. Fifteen trials evaluated the
possible impact of acupuncture on miscarriage rates,
however, we did not find statistical evidence for this (RR
=1.14, 95% CIL: 0.93-1.41; Additional file 2: Figure S2).
Secondly, it may be caused by the missing information
of LBR. Only 15 among 27 studies reported both CPR
and LBR, when we restricted CPR to the 15 studies
which reported LBR, the pooled results returned no dif-
ference between acupuncture and control groups for
CPR (Additional file 3: Figure S3). One plausible reason
for this variation could be the heterogeneity (popula-
tion-, treatment- and study design-related varieties)
among trials. In our subgroup analyses and sensitivity
analyses, we found a significantly increased CPR and
LBR in two or more acupuncture treatments and the re-
peated IVF cycle proportion>50% subsets, but not in
one acupuncture treatment and <50% subsets (Table3),
and when we restricted CPR results to the 15 studies
which reported LBR, the results remained stable (Add-
itional file 5: Table S2). Therefore, heterogeneity among
trials may be one of possible explanations for the differ-
ence of statistical significance between CPR and LBR.

Meta-regression subgroup analyses based on clinical
characteristics

We found that patients with repeated IVF cycles benefit
more from acupuncture than do women with first IVF
cycle acupuncture. Repeated IVF cycle usually implies at
least one implantation failure, which may be a conse-
quence of embryo or endometrial factors [74-77], as
well as the increased vulnerability to stress [78-80].
From a Chinese medical perspective, the primary princi-
ples of fertility treatment with acupuncture are to
harmonize the function of the internal organs, clear ob-
structions and improve the qi and blood supply within
the abdominal environment in order to improve egg
quality and the receptiveness of the endometrium [81].
On one hand, numerous studies have shown that acu-
puncture can stimulate ovulation by adjusting endocrine
function of the hypothalamic—pituitary—ovarian axis in
women with an ovulation disorder [24, 82—84], as well
as improve egg quality [60, 85], which may related to a
beneficial regulation of TNF-a levels [85]. On the other
hand, acupuncture improves blood circulation to the
uterus and ovaries by inhibiting uterine central sympa-
thetic nerve activity, and thereby optimizing endometrial
receptivity [17, 27, 86, 87]. Moreover, acupuncture may
be a useful intervention to reduce infertility-related
stress and depression by changing the stress hormones
(serum cortisol and prolactin) [28-30, 88—91]. Thus, as
a corollary, women undergoing repeated IVF cycles may
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benefit more from acupuncture, which is consistent with
our meta-analysis. However, the exact mechanism of this
effect is still poorly understood. As repeated IVF cycle is
a proxy for implantation failure, which associated with
age, duration and cause of infertility, number of em-
bryos transferred, embryo quality [48, 92-96], future
studies should further investigate the relationship be-
tween these parameters and the efficacy of acupuncture
on IVF outcomes.

Although meta-regression subgroup analyses provided
insufficient evidence to support hypotheses regarding
the age, duration of infertility and number of embryos
transferred, this may due to aggregation bias. These data
were extracted in the form of mean values, which can
only be summarized at the level of the individual study.
This makes the effect of a characteristic not always iden-
tifiable due to the ecological fallacy. For example, there
may be a strong relationship between age and treatment
effect that is apparent within each study, however, if the
mean ages for the trials are similar, then no relationship
will be apparent by looking at trial mean ages and
trial-level effect estimates [47]. Analyses of pooled,
patient-level data will be useful to find the true role of
these parameters on the efficacy of acupuncture in fu-
ture studies.

Meta-regression subgroup analyses based on
methodological characteristics

The quality of included studies is an influential factor in
our meta-analysis. In our review, we found a statistically
significant subgroup effect for the type of control on
CPR, suggesting some placebo effect. As our outcomes
are entirely objective, and are unlikely to be affected by
placebo effects [97-100], we also consider explanations
such as heterogeneity among trials. Therefore, we con-
ducted subgroup analyses stratified by the number of
acupuncture treatments in addition to control type for
CPR. However, the pooled results showed no difference
between sham (placebo) acupuncture control and no
acupuncture invention control when restricted to stud-
ies which performed one acupuncture treatment (95%
CIL: 0.79-1.09 and 0.95-1.36), or more than one acu-
puncture treatment (95% CI: 1.13-2.17 and 1.36-2.15).
This suggests a minor contribution of placebo effect for
IVF outcomes.

Recent studies have shown that sham and placebo acu-
puncture are sometimes therapeutically effective [101—
103]. Sham or placebo acupuncture usually consists of
non-insertion or superficial insertion in related acu-
points or needle insertion at unrelated acupoints or
non-acupoints. However, all evoke activity in cutaneous
afferent nerves [101, 102]. It has been reported that pla-
cebos have small benefits in studies where continuous
subjective outcomes are measured (especially patient-
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reported outcomes), but there are no significant effects
on objective or binary outcomes [97-100]. More accur-
ately, for objectively measured outcome parameters, pla-
cebo effects can improve physical processes (e.g., blood
flow to the uterus) more easily and effectively than bio-
chemical processes (e.g., endogenous hormone release)
[104]. Consequently, it is more plausible to cautiously
use sham acupuncture for subjective, patient-reported
outcomes and objectively measured physical parameters
before its use or non-use is established.

Limitations

Our study has a number of limitations. Firstly, the
funnel plot of the effects of acupuncture on clinical
pregnancy rates (Fig. 5) indicates some small-study ef-
fects — a tendency for the intervention effects estimated
in smaller studies to differ from those estimated in larger
studies [105]. The Beggs and Egger’s test results
(p= 0.006) support the finding of small study-effects
that overestimate the treatment effect. However, the pur-
pose of the test was not to test for publication bias
alone, the reasons other than publication bias should
also be considered, including other language bias, cit-
ation bias, time lag bias and multiple publication bias
[106, 107]. We imposed no restrictions on publication
type or language of publication, scanned the digital data-
bases, the conference proceedings and reference lists of
relevant primary and review articles. In addition, we cor-
responded with study investigators to clarify further
data, so it seems that the review is less likely to be sub-
ject to the other reported biases. According to the
Cochrane guidelines, “true heterogeneity in treatment
effect may also lead to funnel plot asymmetry” [107]. For
example, substantial benefit may be seen only in patients
at high risk for the outcome which is affected by the
intervention [108, 109]. Furthermore, some interven-
tions may have been implemented less thoroughly in
larger trials, therefore, have resulted in smaller estimates
of the intervention effect [110]. In our analysis, we found
that women with a history of unsuccessful IVF attempt,
as well as having received more than one acupuncture
treatment, will benefit more from the effects of acupunc-
ture on clinical pregnancy rates. Given that only 11 stud-
ies provided the date of repeated IVF cycle proportion,
we therefore added the number of acupuncture treat-
ments to the funnel plot, and the resulting plot shows
that the trials with more than one acupuncture treat-
ment indicate more positive results (Fig. 5). We also
checked separate funnel plots and conducted corre-
sponding separate Egger tests for one and more than
one acupuncture treatment trial subgroups. Ultimately,
no evidence of publication bias was found when restrict-
ing to one or more than one acupuncture treatment trial
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subset (Begg’'s and Egger’s tests for one acupuncture
treatment: p =0.137 and 0.07; for more than one acu-
puncture treatment: p =0.451 and 0.06, respectively).
Therefore, less thoroughly implemented or high risk pa-
tients for pregnancy outcomes affected by acupuncture
may be one of many possible explanations for the funnel
plot asymmetry. That is, asymmetry may be partly due
to the existence of true heterogeneity. A cumulative
meta-analysis was conducted to clarify the contribution
of small-study effects on the results based on the sample
size (Fig. 6). The cumulative effect size increased grad-
ually after the first study with the biggest sample size
(824), but reached a significant steady state at sample
size 164. However, analysis by excluding the studies with
small sample sizes (< 100) still showed a statistically sig-
nificant difference (RR = 1.16, 95% CI: 1.02—-1.32). These
results indicate a minor contribution of publication bias
on effect sizes.

Secondly, there were 27 studies reporting clinical preg-
nancy outcomes, but only 15 among 27 studies reported
live birth rates. Therefore, the deficiency of IVF out-
comes may lead to substantial variation, which resulted
in imprecise RR and unclear associations between the
strength of RR and related variables.

Lastly, the differences in acupuncture protocols were
unidentified confounders which complicated the inter-
pretation of the efficacy of acupuncture on IVF out-
comes. For acupuncture time, several systematic reviews
reported that IVF outcomes improved significantly when
acupuncture was conducted during COH, but not ET
and OA (38, 41, 42]. Moreover, from a Chinese medicine
perspective, acupoints should be chosen based on the
different signs and symptoms of individuals. This may
account for the results of Cui et al’s study, where
women with three different syndromes were treated with
the same acupuncture protocol. They showed that the
effects of acupuncture on IVF-ET in women with kidney
deficiency type and liver-qi stagnation type were better
than those of phlegm-dampness type [111]. In addition,
the frequency, duration and the mode of stimulation of
acupuncture treatment may also influence to the efficacy
of acupuncture. Fortunately, a Delphi consensus proto-
col was published to establish the parameters of best
acupuncture practice for ART in 2012. In future studies
this protocol may be helpful to clarify the efficacy of
acupuncture on IVF outcomes.

Comparison with other studies and reviews

We acknowledge that there are several systematic re-
views and meta-analyses analyzed the effects of acupunc-
ture among women undergoing IVF [31-43]. However,
they showed differences in their results and conclusions.
The reasons for these discrepancies may arise from the
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Fig. 6 The result of cumulative meta-analysis based on sample size
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So0 2010 226 —_———— 1.04 (0.91, 1.19)
Dieterle 2006 225 —_—— 1.09 (0.93, 1.27)
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heterogeneity across studies, such as variation in partici-
pants, interventions, trial design and quality. And few
studies try to investigate sources of heterogeneity. In our
meta-analysis, we attempted pre-specified meta-regression
subgroup analyses to explore the influences of eight vari-
ables on the effects of acupuncture on both clinical preg-
nancy and live birth outcomes. Ultimately, we revealed
some new findings. First of all, there is a significant benefit
of adjuvant acupuncture on both CPR and LBR for
women with a history of unsuccessful IVF attempt. Sec-
ondly, number of acupuncture treatments is a promising
influential factor for the effect estimates. In addition, our
search identified four additional studies [22, 56—58], which
were not included in the earlier reviews.

Conclusion

Our analysis finds a benefit of acupuncture for IVF out-
comes among women with a history of unsuccessful IVF
attempt, and number of acupuncture treatments is a
potential influential factor. As repeated IVF cycle is pos-
sibly a proxy for implantation failure, which associated
with poor prognoses (i.e. increasing age, longer history

of infertility, elevated Peak FSH). In the future, analyses
of pooled, patient-level data will be useful to find the
true role of these parameters on the efficacy of acupunc-
ture on IVF outcomes.
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