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Abstract

Background: Evidence referring to the trade-offs between the benefits and risks of single embryo transfer (SET)
versus double embryo transfer (DET) following assisted reproduction technology are insufficient, especially for those
women with a defined embryo quality or advanced age.

Methods: A systematic review and meta-analysis was conducted according to PRISMA guidelines. PubMed, EMBASE,
Cochrane Library and ClinicalTrials.gov were searched based on established search strategy from inception through
February 2021. Pre-specified primary outcomes were live birth rate (LBR) and multiple pregnancy rate (MPR). Odds
ratio (OR) with 95% confidence interval (Cl) were pooled by a random-effects model using R version 4.1.0.

Results: Eighty-five studies (14 randomized controlled trials and 71 observational studies) were eligible. Compared
with DET, SET decreased the probability of a live birth (OR=0.78, 95% Cl: 0.71-0.85, P< 0.001, n=62), and lowered the
rate of multiple pregnancy (0.05, 0.04-0.06, P < 0.001, n=45). In the sub-analyses of age stratification, both the differ-
ences of LBR (0.87,0.54-1.40, P=0.565, n=4) and MPR (0.34, 0.06-2.03, P=0.236, n=3) between SET and DET groups
became insignificant in patients aged >40years. No significant difference in LBR for single GQE versus two embryos
of mixed quality [GQE + PQE (non-good quality embryo)] (0.99, 0.77-1.27, P= 0.915, n=28), nor any difference of MPR
in single PQE versus two PQEs (0.23,0.04-1.49, P= 0.123, n =6). Moreover, women who conceived through SET were
associated with lower risks of poor outcomes, including cesarean section (0.64, 0.43-0.94), antepartum haemorrhage
(0.35,0.15-0.82), preterm birth (0.25, 0.21-0.30), low birth weight (0.20, 0.16-0.25), Apgar1 <7 rate (0.12,0.02-0.93) or
neonatal intensive care unit admission (0.30, 0.14-0.66) than those following DET.

Conclusions: In women aged <40years or if any GQE is available, SET should be incorporated into clinical practice.
While in the absence of GQEs, DET may be preferable. However, for elderly women aged >40years, current evidence
is not enough to recommend an appropriate number of embryo transfer. The findings need to be further confirmed.

Keywords: Single embryo transfer, Double embryo transfer, Live birth rate, Multiple pregnancy rate, Perinatal
complication

Background
Increasing success following assisted reproduction
technology (ART) has been accompanied by concerns
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is recommended to reduce the complications of multiple
pregnancies following ART [4]. The American Society for
Reproductive Medicine (ASRM) data from 2000 to 2017
shows that the proportion of SET has increased from 5.7
to 64.2%, among ART-conceived infants, meanwhile the
percentage of multiple births has decreased from 53.1
to 26.4%, and simultaneous steady decreases in preterm
birth and low birth weight rates have also been observed
[5, 6]. However, this potential gain needs to be balanced
against the risk of jeopardising the overall live birth
rate (LBR). The latest Cochrane meta-analysis based on
12 randomized controlled trials (RCTs) shows that the
chance of live birth was reduced in women undergoing
SET compared with double embryo transfer (DET), the
summarized relative risk (RR) was 0.67 (95% CI, 0.59—
0.75) [7]. In addition, a large ART cycle dataset indi-
cated that SET for any embryo transfer would result in
a one-third lower LBR relative to DET [8]. Beyond these
comparisons of overall LBR and multiple pregnancy rate
(MPR), the studies did not further refine the population
applicability of SET and DET, nor did they comprehen-
sively assess the possible complications. Evidence refer-
ring to the trade-offs between live birth and multiple
pregnancy following ART are insufficient.

It is well known that many patients idealize that twins
would be their optimum outcome following ART [9],
therefore DET is likely to remain part of clinical prac-
tice for the foreseeable future. The current issue arising
is that for which patient cohorts are SET or DET most
suited [10]. Due to the homogenous population and lim-
ited sample size, existing RCTs [11-24] and aggregated
meta-analyses [4, 7] comparing the number of embryos
transferred do not answer the above question. Clinical
practice faces challenges of different patient age, cycles,
embryo stages, embryo quality ratings etc., and would
benefit from direction regarding which strategy would
be most beneficial to specific subgroups. Moreover,
although the latest ASRM guidelines have recommended
a limit to the number of embryos transferred for different
age groups, the evidence for this recommendation has
not been disclosed and published [25]. More supporting
evidence is therefore needed to assist ART program clini-
cians and patients.

Large observational studies focusing on the com-
parisons of different policies regarding the number of
embryos transferred are emerging and do provide valid
information [26-28]. The diverse population and large
sample size offer the possibility of comprehensive sub-
group analyses, involving different ages, embryo stages
and embryo quality stratification, etc. [26, 29-31]. Addi-
tionally, longer follow-up times ensure the observation
of reproductive, obstetric and perinatal outcomes. Thus,
by integrating the information extracting from RCTs and
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observational studies, we investigated the overall effec-
tiveness (e.g., LBR and MPR) of SET versus DET, and also
focused on (i) whether transferring one or two embryos
would be more beneficial to specific subgroups, especially
in the consideration of embryo quality and maternal age,
and (ii) assessing perinatal and neonatal complications
following SET/DET as comprehensively as possible.

Methods

This systematic review adhered to the PRISMA guide-
lines [32], and was prospectively registered on PROS-
PERO (registration ID: CRD42021258452). Institutional
review board approval was not required as it was a
meta-analysis.

Inclusion criteria

RCTs and observational studies comparing benefits
and risks of SET versus DET in a single cycle, in infer-
tile women using their own oocytes and embryos were
deemed eligible for inclusion. To prevent any confusion
between per person and per cycle, studies were excluded
if it was not possible to clarify that each woman was
included only once.

Literature search

A systematic electronic literature search was performed
in PubMed, Embase, Cochrane Library, and RCT reg-
istries including ClinicalTrials.gov and WHO Inter-
national Clinical Trials Registry Platform, through to
February 9, 2021. The bibliographies of relevant studies
and reviews were scrutinized for any additional eligible
studies not covered by the literature search. The litera-
ture search combined the terms and descriptors related
to human embryo transplantation concerning literature
published in English (Supplemental file for full literature
search). Conference abstracts and comments were not
considered.

Outcome measures

All the available reproductive, obstetric and perina-
tal outcomes were measured (Supplemental file for the
definition of outcome). Pre-specified primary outcomes
were LBR and MPR. The secondary outcomes included
clinical pregnancy rate (CPR), miscarriage, birth weight,
delivery gestational age, preterm birth, low birth weight,
perinatal mortality, birth defect, caesarean section, ges-
tational diabetes (GDM), PE, antepartum haemorrhage
(APH), Apgar 1<7, neonatal intensive care unit (NICU)
admission.

Study selection and data extraction
Citations were merged in Microsoft Access Database to
facilitate management. Duplicates were removed, and
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two reviewers independently applied the inclusion cri-
teria to all retrieved citations in an un-blinded stand-
ardized manner, screened by title, abstract and full text
successively. Data on characteristics of study (first author,
publication year, location, study design and study period),
population (participants, age, major inclusion and exclu-
sion criteria), cycle (type of cycle, first or not and embryo
stage), comparison categories and clinical outcomes
(sample size, numbers of events and total, mean, stand-
ard deviation, risk estimates, 95% ClIs, adjusted factors
and conclusions) were extracted onto a piloted structured
form by two reviewers, independently. The most compre-
hensive report would be given precedence if there were
multiple publications from the same study or data source,
while the others might be used as supplementary infor-
mation. When studies had multiple comparisons, only
the information and data of interest were extracted. Any
uncertainty or disagreements were resolved through dis-
cussion and, if necessary, a consensus could be reached
with the help of senior authors.

Quality assessment and statistical analysis

The quality of included RCTs was assessed using the
Cochrane risk of bias tool [33]. The Newcastle-Ottawa
quality assessment scale (NOS) was used to assess the
quality of included observational studies [34]. Compari-
sons were conducted between SET and DET groups in a
single cycle. Considering the inclusion of both RCT and
observational studies, meta-analyses were conducted
using a Mantel-Haenszel (MH) random-effects model.
To assess the possible impact of characteristics of the
patients and embryos, subgroup analyses were pre-spec-
ified to separate the distinct types of study design (RCT
or observational studies), cycle (fresh or frozen), embryo
stage (cleavage or blastocyst), embryo quality rating and
maternal age. Embryos/blastocysts were classified as
good quality (GQE) or non-good quality (PQE) according
to the standards established in the respective studies, and
the subgroup comparisons were set to transplant a sin-
gle GQE versus two GQEs (G/GG), a single GQE versus
two embryos of mixed quality (GQE 4 PQE) (G/GP), and
a single PQE versus two PQEs (P/PP). Maternal age was
divided into three segments, with cut-offs being 35 and
40vyears (<35, 35-40, >40years). Moreover, sensitivity
analyses pooled of adjusted ORs, limited to first cycle or
elective SET (eSET) cycles were performed to assess the
robustness of the findings. Pooled effect size was deemed
statistically significant at P< 0.05. Most data were dichot-
omous, we used the numbers of events in the groups
of each study to calculate the ORs with 95% ClIs. For
continuous parameters, all the units had been harmo-
nized by data conversion prior to analysis, the weighted
mean differences (WMD) with 95% Cls were pooled to
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determine the effect size [35]. Heterogeneity was quanti-
fied using the estimated I? statistic [36]. Publication bias
was assessed using Begg’s test for analyses enrolling more
than 10 studies [37]. The leave-one-out method was used
to evaluate whether any single study dominated the find-
ings. All statistical analyses were performed using R ver-
sion 4.1.0.

Results

Description of included studies

The literature search retrieved 14,938 citations. After
removing duplicates, 11,847 abstracts were reviewed and
1071 full-text articles were further assessed for eligibil-
ity. Finally, 85 articles [2, 11-24, 26—31, 38-101] involv-
ing 339,492 participants, provided extractable data for
the quantitative meta-analysis (Fig. 1), including 14 RCTs
and 71 observational studies; of which, data extracted
by two RCTs [14, 20] came from four references [14, 20,
63, 92], and the other two RCT studies [16, 23] provided
both the results of RCTs and observational cohorts. The
characteristics of the included studies are presented in
Supplementary Table S1. Women from 24 studies were
recruited during their first cycle and 44 studies pro-
vided data on eSET. Most studies clarified the type of
cycles (69 fresh, 11 frozen and 5 both) and the stage of
embryo transfer (34 cleavage, 24 blastocyst, 23 both and
4 unclear). Thirteen studies provided results of stratified
comparison based on embryo quality (12G/GG, 11G/
GP and 8 P/PP), and 22 studies were included in the sub-
analyses considering different age groups (17 aged <35,
6 aged 35-40 and 5 aged >40years). The results of qual-
ity assessment are presented in Supplementary Table S2.
Twelve RCTs reported a randomization method, five car-
ried out allocation concealment and six executed blind-
ing for participants or personnel. Nine observational
studies were awarded six stars in quality assessment,
47 studies were graded seven stars and 15 studies were
marked eight stars.

Primary outcomes
Live birth rate
Sixty-two studies [11-20, 22-24, 26-31, 38-41,
44, 45, 47-53, 56, 58, 60-62, 64—66, 69, 71, 73-75,
77-84, 86-91, 94, 99] demonstrated a reduced LBR
after SET (28,529/85,988, 33.2%) than that after DET
(113,658/247,116, 46.0%) in a single cycle (OR=0.78,
95% CI: 0.71-0.85, ’=91%, P< 0.001) (Supplementary
Fig. S1). The analysis results are presented in Table 1. No
publication bias was detected by Begg’s test (P =0.062).
Among subgroup analyses, when considering different
age groups of included patients, an increase in LBR favor-
ing the DET group was noted for patients aged <35years
(0.71, 0.61-0.84, I’=85%, n=12) and 35-40years
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Fig. 1 Flow diagram of study selection. DET, double embryo transfer; ICTRP, international Clinical Trials Registry Platform; SET, single embryo
transfer; RCT, randomized controlled trial

(0.80, 0.69-0.94, ’=69%, n==6), but no difference was
observed for patients >40years old (0.87, 0.54-1.40,
P=69%, P=0.565, n=4; Fig. 2). The difference in the
comparison of LBR between groups decreased with
age stratification. When considering embryo quality,
the LBR was significantly decreased after transferring a
single good quality embryo (GQE) compared with two
GQEs (0.63, 0.52-0.77, >=82%, n=7), as well as a sin-
gle PQE compared with two PQEs (0.57, 0.45-0.71,
P =0%, n=3; Fig. 2). Meanwhile, no difference was noted
between a single GQE and two embryos of mixed qual-
ity (GQE+PQE) (0.99, 0.77-1.27, P=81%, P=0.915,

n=38; Fig. 2). Subgroup analyses performed according
to embryo stage (cleavage, blastocyst) and cycle type
(fresh, frozen) suggested that, the chance of live birth
in the DET group was significantly greater than that in
the SET group in all the subgroups, with ORs being 0.67
(P<0.001, n=32), 0.81 (P=0.001, n=25), 0.80 (P< 0.001,
n=53) and 0.74 (P=0.013, n=10), respectively. Sub-
analysis concerning study design indicated that the com-
bination of RCTs resulted in a lower OR (0.53, 0.44—-0.63,
PP =0%, n=13), compared with the result obtained from
observational studies (0.82, 0.75-0.90, P =93%, n=49, P
for interaction < 0.001).



Page 5 of 14

(2022) 20:20

Ma et al. Reproductive Biology and Endocrinology

UOI1DRIIUI JO) d

J13ysues) oA1quia 3|6uls ‘| IS ‘[eli] Pa||01IU0d pazZIWOpPU.L ‘| DY ‘STDd OMI Yim pasedwod (3Dd) oAiqud Aiijenb dol-uou 3|Buls e ‘dd/d ‘013es Sppo ‘4O {(3Dd + J0D) Aujenb paxiw jo sokiquia
oM} yum patedwod 3OO 3|6uls e ‘d9H/D ‘SIDD 0Mi yim pasedwod (JOD) okiqwa Aijenb poob abuls e ‘Do/0 L1ajsuel) oAiquid 3|Buls dAI3I3]3 ‘] 353 Ljsuell) oAIquid 3|gnop ‘| 3 {[eAId3Ul SDUSPYUOD ‘| (UOIRIARIGAY

s1eak g¢ 01 |enba Jo uey ssa| pabe syuedidinied asoym (710 1eyD) Apnis SUo papn|dul, 910N

1000> (£0°0-€0°0) SO0 %0 [44°] Syy LT 1000 > (68°0-7£°0) 080 %0, 811’6 68L'LE 13 1359
1000>  (L00-£00) SO0 %bS vIg'ly 000'L L ol 1000>  (180-190)0L0 %96 0T9's€T 0L¥'9L ¥4 31242 3514
1000>  (91'0-0°0) 900 %0 Y81 16/ v 1000>  (£80-890) 20  %l¥ 878'8C 1769 4! paisnipy
saskjeue A)AnIsuas
1000> (90'0-#00) SO0 %L1 LLv'6y VAYVA (014 1000 > (06'0-5£°0) ¢80 %6 990'9%C r6'v8 67 Apnis [euolealasqo
1000> (10-¢0'0) 900 %0 1494 e S 1000> (€9°0-770) €50 %0 0501 7701 €l 104
£L0 .1000> ubisog
1000> (60°0-€0°0) S00 %81 G88¢€ £50€ A €100 (#60-650) ¥2°0 %68 8C6'8C 1758 0l uszol4
1000> (£00-50°0) SO0 %0 YOL'Sy L6EYL 9¢ 1000> (88°0-¢£'0) 080 %16 6L6'L1T 88C'LL 139 ysai4
Lo 8090 324>
1000> (900-#0°0) SO0 %S¢ 8671 80€6 44 1000 (C60-1£0) 180 %88 14645 SSy'ee S¢ 15A00358|9
1000> (80°0-¥0°0) 90°0 %0 /81'TE 189S L1 1000> (C80-550) £90 %96 [T8'0FL 8rE'0Y [43 obenes|D
820 9LL0 abe1s oAiqui3
€Clo (6¥'L-¥0°0) €20 %¥S 6t 18€ 9 1000> (L£0-S¥°0) LS50 %0 189 98/ € dd/d
1000 > (920-900) Z1'0 %99 0¥l 8¥9t 6 Sl6'0 (LT1-££0) 660 %18 80¢€¢€ 109/ 8 d9/9
1000 > (01°0-€0°0) 900 %LS G99¢ 869 0l 1000> (££°0-250) €90 %8 v1SvC €6¢L L 99/9
- - Aljend
9¢C0 (€0'Z-90°0) ¥€0 %0 8¢S FA49 € 5950 (0¥'1-¥50) £80 %69 S6ee ¥85¢ 4 or <
1000> (90°0-€0°0) ¥0'0 %0 001Gl JA%7AS S 5000 (#6:0-69°0) 08°0 %69 G87'0¢C 600'L L 9 (07513
1000> (S00-€00) €00 %0 444 190S Ll 1000> (#8°0-190) L£°0 %58 €9C'L¢C ££9'0C L eSE>
.G€00 7050 (s1eaA) abe jeusarepy
sasA|jeue dnoibgng
1000> (900-#0°0) SO0 %¢ So'6 66'/1 9% 1000 > (580-1£0)840 %l6 oLL'L¥T 886'S8 9 lle12A0
Snjead (1D%S6) 40 d 12103 13 12303 135 ‘ou salpms snjead (1D%S6) HO A 12303 13@ 12303 135 ‘ou salpms
9jes foueubaud ajdnny 9lk4 Yuiqg oAn

31242 9|buls e Ul | 3 pue [3S USaMISQ sawoIno Aewind Jo sashjeuy L ajqeL



Ma et al. Reproductive Biology and Endocrinology (2022) 20:20

Page 6 of 14

100

OR

0.41
0.92
0.63
0.22
0.68
0.51
0.74
0.85
1.18
0.84
0.61
1.32

0.58
0.72
1.32
0.87
0.93
0.60

0.86
1.28
4.64
0.61

OR

0.50
0.54
0.66
0.82
0.73
0.88
0.39

0.65
1.03
1.17
0.80
1.18
1.49
1.19
0.79

0.52
0.63
0.78

95%-Cl

[0.18;
[0.36;
[0.27;
[0.07;
[0.59;
[0.46;
[0.69;
[0.47;
[0.67;
[0.78;
[0.44;
[0.82;

[0.26;
[0.66;
[0.68;
[0.80;
[0.71;
[0.38;

[0.50;
[0.79;

0.94]
237]
143]
0.71]
0.80]
0.57]
0.80]
1.51]
2.08]
0.89]
0.84]
2.12]

1.33]
0.78]
2.56]
0.95]
1.22)
0.96]

1.48)
2.07]

[0.16; 135.57]

[0.50;

0.74]

95%-Cl

[0.46; 0.54]
[0.41; 0.72]
[0.56; 0.77]
[0.66; 1.02]
[0.59; 0.90]
[0.56; 1.38]

[0.22; 0.69)]

[0.58; 0.73]
[0.75; 1.41]
[0.74; 1.85]
[0.62; 1.02]
[0.83; 1.69]
[1.06; 2.08]
[0.72; 1.98]
[0.43; 1.44]

[0.39; 0.69]
[0.41; 0.97]
[0.35; 1.73]

Weight

1.4%
1.1%
1.4%
0.8%
8.3%
9.1%
9.6%
2.5%
2.6%
9.7%
5.1%
3.3%

1.4%
9.5%
2.0%
9.5%
6.0%
3.4%

2.7%
3.2%
0.1%
7.5%

Weight

7.7%
6.2%
7.3%
6.8%
6.8%
4.6%
3.7%

7.5%
5.9%
4.6%
6.5%
5.5%
5.7%
4.2%
3.5%

6.2%
4.8%
2.5%

Age stratifications
SET DET
Study Events Total Events Total Odds Ratio
Abuzeid 2017 24 49 35 50 :
Moustafa 2008 12 40 13 41 :
Lukassen 2005 14 54 19 53 g
Gerris 1999 9 26 19 27 —_—
Chen 2020 817 1545 766 1233
Keyhan 2016 522 1795 4370 9820 :
Crawford 2016 2074 4129 5769 10001
Chai 2014 29 74 57 132 :
Friedman 2011 32 63 97 208 :
Wang 2010 4234 12338 1959 5092 L
Bechoua 2009 72 243 198 483 -
Yilmaz 2013 89 281 32 123 e
¢
Su 2020 21 59 19 39 —
Keyhan 2016 1099 3333 5855 14389 ‘
Friedman 2011 19 44 71 194 1-|-—
Wang 2010 1652 6832 1275 4746 ; )
Veleva 2006 132 639 128 585 B
Park 2019 33 102 147 332 —
b
Tannus 2017 30 148 37 162 —e
Niinimaki 2013 36 264 40 364 e
Friedman 2011 1 1 5 13 T
Wang 2010 162 2171 335 2856 !
w
) T - T 1
001 041 1 10
Embryo quality stratifications
SET DET
Study Events Total Events Total 0Odds Ratio
Zhu 2020 896 2991 9670 20980 .
Park 2020 111 277 347 628 ——
Chen 2020 834 1569 705 1113 —
Aldemir 2020 451 1621 159 498 ——
Dobson 2018 203 613 361 890 ——
Wintner 2017 37 120 102 303 —_—
Park 2019 33 102 56 102 =~ ——H#—.
-
Zhu 2020 896 2991 717 1807 =
Park 2020 111 277 158 401 —
Demirel 2020 149 317 41 95 —
Chen 2020 834 1569 184 313 ——
Aldemir 2020 451 1621 4 179 C——
Dobson 2018 203 613 60 240 |
Wintner 2017 37 120 49 180 ——
Park 2019 31 93 36 93 _
S
Zhu 2020 125 510 149 388 ——
Chen 2020 50 145 101 222 —
Dobson 2018 18 131 12 71 _—
-
—t
0.5 1 2
Fig. 2 Forest-plot comparing the live birth rate between single embryo transfer (SET) and double embryo transfer (DET) based on maternal age
and embryo quality stratification. G/GG, a single good quality embryo (GQE) versus two GQEs; P/PP, a single non-good quality embryo (PQE) versus
two PQEs; G/GP, a single GQE versus two embryos of mixed quality (GQE + PQE)
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Multiple pregnancy rate

Forty-five studies [2, 11, 13, 15, 21, 24, 28-31, 38, 39, 43,
44, 48-50, 53, 54, 56-59, 62, 64, 66-69, 72, 75-77, 79-81,
85-87, 91, 93-96, 98] were pooled and found that the
MPR was significantly lower in the SET group than in
the DET group (0.05, 0.04-0.06, > =2%, P< 0.001) (Sup-
plementary Fig. S2). This suggested that for a woman
with a 16.7% (8314/49,645) chance of multiple preg-
nancy following a single cycle of DET, the rate following
a single SET would be between 0.7 and 1.0%. The analysis
results are presented in Table 1. No publication bias was
detected by Begg’s test (P=0.531).

In the subgroup analyses of age stratification (Fig. 3),
the differences of MPR between SET and DET were
stable and significant in women aged <35 (0.03, 0.03—-
0.05, F=0%, P< 0.001, n=11) and 35-40years (0.04,
0.03-0.06, Z=0%, P<0.001, n=5), whereas the aggre-
gate result from three studies found that the difference
became insignificant in patients aged >40years (0.34,
0.06-2.03, P=0%, P=0.236, n=3). Similarly, 10 obser-
vational studies investigated the differences in the asso-
ciation between MPR and the number of transferred
embryos by embryo quality grade (Fig. 3). In compari-
son with a single GQE, transferring two GQEs and two
embryos of mixed quality (GQE +PQE) both led to sig-
nificantly higher MPRs, the ORs were 0.06 (0.03-0.10,
P=57%, P< 0.001, n=10) and 0.12 (0.06—0.26, >=66%,
P<0.001, n=9), respectively. However, the difference in
MPR between a single PQE and two PQEs was reduced
and was no longer be statistically significant (0.23, 0.04—
1.49, P=54%, P=0.123, n=6). Moreover, the pooled
results did not materially change in the subgroup analy-
ses regarding embryo stage (cleavage, blastocyst), cycle
type (fresh, frozen) and study design (RCT, observational
study), with pooled ORs being 0.05 (P< 0.001) or 0.06
(P< 0.001).

Secondary Outcomes

Table 2 summarizes the overall analysis results of sec-
ondary maternal pregnancy outcomes and neonatal
outcomes.

A significant decrease in CPR (37.4% vs. 48.0%, 0.78,
0.71-0.85, 2=82%, P<0.001, n=60) was noted in the
SET group compared with the DET group [11-15, 19, 23,
24, 27-31, 38, 39, 41-44, 48-51, 53-59, 62, 64-67, 69,
70, 72, 74-81, 84, 86, 87, 90, 91, 93-98, 100, 101]. Sev-
eral subgroup analyses indicated a different direction, no
differences of CPR were noted between SET and DET in
subgroups of patients aged >40years (0.88, 0.59-1.30,
P=70%, n=5), GQE versus GQE+PQE (1.01, 0.89—
1.16, P=0%, n=9), and frozen cycles (0.79, 0.62-1.00,
P=83%, n=9; Supplementary Table S3, Fig. S3). Forty-
three studies [11-14, 16, 19, 20, 23, 28-31, 38-44, 48,
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50, 51, 53, 55, 57, 58, 62, 64-66, 69, 72, 74, 77, 79-81,
90, 91, 94, 95, 98] evaluated the miscarriage rates, and
no significant difference was found between groups dur-
ing the overall analysis (15.6% vs. 14.2%, 1.10, 0.95-1.27,
P=30%, P=0.211), neither in all the conducted sub-
groups (Supplementary Table S4). Seven studies [19,
30, 39, 58, 65, 81, 94] provided information on perina-
tal mortality, and no difference was observed (0.3% vs
0.7%, 0.71, 0.25-2.06, ’=0%, P=0.532). Compared
with DET, mothers with SET had a lower risk of cesar-
ean section (0.64, 0.43-0.94, P=15%, P=0.024, n=3).
Only one included study [39] reported on GDM, PE and
APH in the late pregnancy, there was no significant dif-
ference between SET and DET groups with respect to the
risk of GDM (0.0% vs. 1.0%, P=0.623) and PE (3.9% vs.
0.0%, P=0.132), meanwhile, APH rate was significantly
lower in the SET group (10.5% vs. 25.2%, 0.35, 0.15-0.82,
P=0.016).

Eight studies [11, 15, 29, 30, 44, 53, 65, 81], including
2907 live birth cycles, provided data on continuous ges-
tational age at birth. A significantly longer gestational
age at birth was found in the SET group compared with
the DET group (WMD =0.88 weeks, 95% CI: 0.56—1.20,
P=58%, P<0.001). Moreover, 13 studies [11, 19, 23, 29—
31, 38, 39, 44, 53, 65, 77, 81] evaluated preterm birth, and
a significantly reduced probability of preterm birth was
observed in the SET group (9.9% vs. 31%, 0.25, 0.21-0.30,
P =0%, P<0.001). The overall findings did not materially
change in all the conducted subgroup analyses (Supple-
mentary Table S5). Similarly, the overall birth weight of
live births in the SET group was significantly higher than
that in the DET group in a single cycle (WMD =297.47 g,
95% CI: 208.47-386.46, *=84%, P<0.001, n="7). The
pooled analysis of low birth weight rate generated a total
of 3962 live births from nine studies [19, 23, 29, 30, 38, 39,
44, 77, 81], and revealed a significant decrease in risk of
low birth weight in the SET group (7.6% vs. 28.9%, 0.20,
0.16-0.25, I*=0%, P<0.001), the finding was further
confirmed by all the conducted subgroup analyses (Sup-
plementary Table S6). Aggregated data from three studies
[30, 44, 53] showed that there was no statistical differ-
ence in the risk of birth defects between groups (1.6% vs.
1.3%, P=0.414), while two other studies [39, 81] reported
statistically different risks of Apgar 1<7 rate (0.0% vs.
7.8%, 0.12, 0.02-0.93, I =0%, P=0.042, n=2) and NICU
admission rate (8.1% vs. 23.8%, 0.30, 0.14-0.66, I*=0%,
P=0.003, n=2).

Sensitivity Analyses

For the comparison of LBR, sensitivity analyses pooled
of adjusted ORs (0.77, 0.68-0.87, P< 0.001, n=12), lim-
ited to first cycle (0.70, 0.61-0.81, P< 0.001, n=21) and
eSET cycles (0.80, 0.72-0.89, P< 0.001, n=135) confirmed
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Fig. 3 Forest-plot comparing the multiple pregnancy rate between single embryo transfer (SET) and double embryo transfer (DET) based on
maternal age and embryo quality stratification. G/GG, a single good quality embryo (GQE) versus two GQEs; P/PP, a single non-good quality embryo
(PQE) versus two PQEs; G/GP, a single GQE versus two embryos of mixed quality (GQE + PQE)
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Table 2 Overall analyses of secondary outcomes between SET and DET in a single cycle

Index Studies no. SET total DET total P OR/WMD (95%Cl) Pvalue
Maternal pregnancy outcomes and complications

CPR 60 43414 68,289 82% 0.78 (0.71-0.85) <0.001
Miscarriage rate 43 5230 13,249 30% 1.10 (0.95-1.27) 0211
Perinatal mortality rate 7 1135 1970 0% 0.71 (0.25-2.06) 0.532
Cesarean rate 3 238 698 15% 0.64 (0.43-0.94) 0.024
GDM rate 1 76 103 - 045 (0.02-11.11) 0.623
PE rate 1 76 103 - 9.86 (0.50-193. 72) 0.132
APH rate 1 76 103 - 0.35(0.15-0.82) 0.016
Neonatal outcomes and complications

Delivery gestational age (week) 8 1136 1771 58% 0.88 (0.56-1.20) <0.001
Preterm birth rate® 13 1852 2380 0% 0.25(0.21-0.30) <0.001
Birth weight (g) 7 1164 2572 84% 29747 (208.47-386.46) <0.001
Low birth weight rate 9 1360 2826 0% 0.20 (0.16-0.25) <0.001
Birth defect rate 3 964 1672 0% 1.32 (0.68-2.59) 0414
Apgarl <7 rate 2 99 193 0% 0.12 (0.02-0.93) 0.042
NICU admission rate 2 99 193 0% 0.30 (0.14-0.66) 0.003

Note: *preterm birth rate was calculated as the number of preterm births divided by the total number of live births (multiple gestations included) in one of included

studies (Sini 2020)

Abbreviation: 2SET Two consecutive elective single embryo transfer; APH Antepartum haemorrhage; Cl Confidence interval; CPR Clinical pregnancy rate; DET Double
embryo transfer; GDM Gestational diabetes; LBR Live birth rate; MBR Multiple birth rate; MPR Multiple pregnancy rate; N/CU Neonatal intensive care unit; OR Odds ratio;

PE Pre-eclampsia; WMD Weighted mean difference

the stability of the overall result (Table 1). The compared
results of MPR were robust in all the pre-specified sen-
sitivity analyses, with pooled ORs being 0.05 or 0.06
(P< 0.001; Table 1). No difference of CPR was noted
between SET and DET in the summary of adjusted ORs
(0.85, 0.61-1.18, P=0.326, n=6), while the sensitivity
analyses limited to first cycle (0.68, 0.57-0.80, P< 0.001,
n=14) and eSET cycles (0.82, 0.73-0.92, P=0.001,
n=35) confirmed the stability of the overall result (Sup-
plementary Table S3). Similarly, except that a signifi-
cantly higher risk of miscarriage was found in the SET
group when the included studies were restricted to the
first cycle (1.43, 1.10-1.86, P=0.009, n=10), no dif-
ferences were found in all the other sensitivity analyses
(Supplementary Table S4). Additionally, both the com-
pared results of preterm birth rate and low birth weight
rate were robust in all the pre-specified sensitivity analy-
ses (Supplementary Table S5, 6).

Discussion

This systematic review is the most complete assessment
of the short-term and long-term outcomes of SET ver-
sus DET to date. The findings of overall effectiveness
(e.g., LBR and MPR) of SET versus DET were consist-
ent with current evidence. SET yielded less probability of
a live birth (0.78, 0.71-0.85) than DET in a single cycle,
while simultaneously reducing the rate of multiple ges-
tation (0.05, 0.04-0.06). By contrast, the present study

provided more comprehensive subgroup/sensitivity
analyses and tracked more adverse fertility outcomes,
further promoted the generation of individual program.
Interestingly, changes emerged during several subgroup
comparisons.

An important factor that needs to be considered
during embryo transfer is maternal age, particularly
given the age-dependent decrements in ovarian func-
tion [102]. Recruitment data indicated that the effect
sizes of LBR and CPR between SET and DET groups
gradually increased with increasing age. The increased
benefit of a live birth, as well as a decreased rate of mul-
tiple pregnancy, favoring the DET group, were noted for
patients aged < 35years (0.71, 0.61-0.84; 0.03, 0.03—0.05)
and 35-40years (0.80, 0.69-0.94; 0.04, 0.03-0.06). At
age >40vyears, the differences in LBR (0.87, 0.54—1.40)
and MPR (0.34, 0.06—2.03) between the groups were no
longer statistically significant. The findings suggested
that women <40vyears, including those aged 35—40vyears,
may have a lower possibility of multiple pregnancy after
choosing SET. However, for elderly women >40years
old, current evidence is insufficient to recommend
an appropriate number of embryos to be transferred.
Knowing that older women would suffer greater rates
of oocyte aneuploidy and a decline in uterine receptiv-
ity [8], women of advanced age are most likely to have
multiple embryos transferred as recommended by the
ASRM guidelines [25]. There are discrepancies between
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the current results and the recommendations of the
guidelines [25] in terms of the recommended number of
embryos to be transferred in women >35years. There is
still an argument to be made in favor of SET or DET in
these certain situations, the choice must be jointly made
by patients and physicians based on the patients’ desires,
the individual’s chances of a twin pregnancy and suc-
cess [103]. More researches need to be devoted to the
research in advanced-age infertile women, taking into
account the impact of age on reproductive function and
that advancing age also leads to a greater risk of adverse
pregnancy outcomes [104].

Regarding embryo quality, compared with two GQEs,
transferring a single GQE gained a significantly lower
possibility of multiple pregnancy (0.06, 0.03-0.10), as
well as a lower rate of live birth (0.63, 0.52-0.77). Since
the chance of a live birth after a single PQE was only
about 57% of that achieved by two PQEs, and there was
no statistical difference in the MPR between groups,
choosing to the DET might be beneficial in the absence
of GQEs. The comparison between a single GQE and two
embryos of GQE+PQE indicated that the PQE along
with GQE did not improve the effectiveness of transfer,
but significantly increased the risks of perinatal compli-
cations, including MPR, preterm birth rate and low birth
weight rate. The interaction was proposed to explain that
pre-implantation embryos could affect the development
of surrounding embryos through the release of specific
growth factors [105, 106]. Moreover, our sensitivity anal-
yses showed that, despite the same effect size of MPR,
eSET produced a slightly reduced difference in LBR
between groups, and the ratio was 80% of the DET group,
this is perhaps an acceptable LBR on the premise that the
MPR could be dramatically reduced. Thus, eSET/SET is
recommended when there is one or more GQE, this is
consistent with the ASRM guidelines, which recommend
SET in cases where a euploid embryo is available [25].

With the apparent shift in the goal of ART, favorable
perinatal outcomes have been regarded as crucial as a
successful clinical pregnancy [39]. Compared with pre-
viously published meta-analyses [4, 7], in addition to the
benefits, this study tracked more perinatal and neonatal
complications following SET/DET. The findings showed
that both the mothers and infants conceived through SET
acquired reduced risks of poor outcomes, verified through
the lower rates of cesarean section (0.64, 0.43-0.94), APH
(0.35, 0.15-0.82), preterm birth (0.25, 0.21-0.30), low
birth weight (0.20, 0.16-0.25), Apgarl <7 rate (0.12, 0.02-
0.93) and NICU admission (0.30, 0.14-0.66). These were
justified by similar findings of other studies [107-109].
As multiple pregnancy has been greatly associated with
the above complications, the reduction of its incidence
in ART cycles using SET might have contributed to the
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favorable perinatal and neonatal outcomes. In addition
to the negative influences on perinatal outcomes, multi-
ple pregnancy could also adversely impact the infant’s first
year of life and potentially increase healthcare needs and
cost of living throughout the neonatal period up to the
age of 1year [110]. These longer-term outcomes still need
to be further tracked and studied, to provide a more com-
plete evaluation and recommendations.

The strength of this study is the big data from observa-
tional researches enabled us to address concerns about
the generalizability of data from RCTs to routine clinical
care [111]. Additionally, we required that each woman was
included only once in each included study, as the inclusion
of all ART data with multiple cycles would have introduced
statistical complexity as well as concern for potential bias
[112]. However, several limitations of this study need to
be addressed and merit further discussion. First, although
multiple sensitivity and subgroup analyses were carried
out, significant heterogeneity existed in some analyses.
Second, many observational studies do not report the
relative effects of adjustment, so we would only use unad-
justed data for the main analyses, however, when we used
the adjusted outcomes as sensitivity analyses, most of the
results were consistent with the main analyses. Neverthe-
less, our aggregate data lacked information available to
adjust some important confounding factors (such as reason
for infertility, medical conditions etc.). Third, the problem
of insufficient sample size existed in some of our results,
such as the comparisons of GDM rate, PE rate, APH rate
and NICU admission rate etc., the relatively small sample
size may have limited the power to identify a real differ-
ence, which therefore requires cautious interpretation.

Conclusions

In conclusion, based on the current evidence, SET
yielded less probability of a live birth than DET in a sin-
gle cycle, while simultaneously reducing the possibility
of multiple gestation, as well as its related perinatal and
neonatal complications. Subgroup analyses suggested
that in women <40years old or any GQE is available,
SET should be incorporated into clinical practice owing
to the significant reduction in MPR and the acceptable
LBR. Meanwhile, in the absence of GQEs, DET may
be a preferable option because of the significant ben-
efit of a live birth and the insignificant chance of mul-
tiple pregnancy. However, for elderly women >40years
old, current evidence is insufficient to recommend an
appropriate number of embryos to transfer. Further
high-quality RCTs or national registry-based cohort
studies are still required to confirm these findings that
will allow individualized transplantation strategies for
different cohorts of infertile women.
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