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STUDY QUESTION: Is there an association between the different endometrial preparation protocols for frozen embryo transfer (FET)
and obstetric and perinatal cutcomes?

SUMMARY ANSWER: Programmed FET protocols were associated with a significantly higher risk of hypertensive disorders of

pregnancy (HDP), pre-eclampsia (PE), post-partum hemorrhage (PPH) and cesarean section {C5) when compared with naturai FET
orotacels.

WHAT IS KNOWN ALREADY: An important and growing source of concern regarding the use of FET on a wide spectrum of women,

is represented by its association with obstetric and perinatal complications. However, reasons behind these increased risks are stifl un-
known and understudied.

STUDY DESIGN, S1ZE, DURATION: Systernatic review with meta-analysis, We systematically searched PubMed, MEDLINE, Embase
and Scopus, from database inception to | November 2021. Published randomized controlled trials, cohort and case control studies were
all eligible for inclusion. The risk of bias was assessed using the Newcastle-Ottawa Quality Assessment Scale. The quality of evidence was
also evaluated using the Grading of Recommendations Assessment, Development and Evaluation (GRADE} approach.

PARTICIPANTS/MATERIALS, SETTING, METHODS: Studies were included only if investigators reported obstetric and/or
perinatal outcomes for at teast two of the following endometrial preparation protocols: programmed FET cycle (PC-FET) {ie. treatment
with hormone replacement therapy (HRT)); totaf natural FET cycle (tNC-FET}; modified natural FET cycle (mNC-FET); stimulated FET
cycle (SC-FET).

MAIN RESULTS AND THE ROLE OF CHAMNCE: Pooled results showed a higher risk of HDP (12 studies, odds ratic (OR} 1.90; 95%
Cl 1.64~2.20; P < 0.00001; 1> == 50%) (very low quality), pregnancy-induced hypertension (5 studies, OR [.46; 95% Cl 1.03-2.07; P=0.03;
12=20%) (very low quality), PE (8 studies, OR 2.11; 95% CI 1.87-2.39; P < 0.00001; *=29%) (low quality), placenta previa (10 studies,
OR 1.27; 95% Cl 1.05-1.54; P=001; 2=8%) {very low quality), PPH (6 studies, OR 2.53; 95% Ci 2.19-2.93; P <0.00001; /*=0%) (low
quality), CS (12 studies, OR 1.62; 95% CI 1.53-1.71: P < 0.00001; I*==48%) {very low quality}, preterm birth (15 studies, OR 1.19; 95%
Cl 1.09-1.29; P < 0.0001; /2 = 47%) (very low quality), very preterm birth (7 studies, OR 1.63; 95% CI 1.23-2.15; P=0.0006; /*=21%)
{very low quality), placenta accreta (2 studies, OR 6.29; 95% C1 2.75-14.40; P<0.0001; £ =0%) {very low quality), preterm premature
rupture of membranes (3 studies, OR [.B4; 95% Ci 0.82-4.[1; P=0.14 = 41%) (very low quality), post-term birth (OR 1.90; 95% C|
[25-2.90; P=0.003; * =73%]) {very low quality), macrosomia {0 studies, OR 1.18; 95% C| £.05~1.32; P=0.007; = 45%) {very low
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quality) and large for gestational age (LGA) (14 studies, OR 1.08; 95% Cl 1.0F~1.16; P=0.02; *=50%) (very low quality), In PC-FET
pregnancies when compared with NC (tNC -+ mNC)-FET pregnancies. However, after pooling of ORs adjusted for the possible confound-
ing variables, the endometrial preparation by HRT maintained a significant association in all sub-analyses exclusively with HDP, PE, PPH
{low quality} and CS {very jow quality).

LIMITATIONS, REASONS FOR CAUTION: The principal limitation concerns the heterogeneity across studies in: (i} timing and dos-
age of HRT: {ii) embryo stage at transfer; and (i) inclusion of preimplantation genetic testing cycles. To address it, we undertook subgroup
analyses by pooling only ORs adjusted for a specific possible confounding factor.

WIDER IMPLICATIONS OF THE FINDINGS: Endemetrial preparation protocols with HRT were associated with worse obstetric and
perinatal outcomes. However, because of the methodological weaknesses, recommendations for clinical practice cannot be made. Weil
conducted prospective studies are thus warranted to establish a safe endometrial preparation strategy for FET cycles aimed at [imiting

superimposed risks in women with an ‘a priori” high-risk profile for obstetric and perinatal complications.

STUDY FUNDING/COMPETING INTEREST(S): None.
REGISTRATION NUMBER: CRD4202124%%927.

IKey words: frozen embryo transfer / endometrial preparation protocol / hormone replacement therapy / programmed cycles / obstetric

outcomes / perinatal outcomes

introduction

Cryopreservation in ART makes it possible to conserve surplus game-
tes and embryos for further use (Shi et al, 2018). Improvements in
embryo freszing protocols and the introduction of vitrification jed to
the widespread use of strategies involving deferred embryo transfer
{(ET) (Shi et of, 2018; Coutilaiis, 2019). Since, in most cases, this is an
optional procedure, the decision to adopt it should be taken after a
careful analysis of benefits and harms (Morgan et al,, 2020). Patients’
safety is undoubtedly one of the elements that most strongly supports
this practice. Indeed, even i available evidence is of low quaiity, theo-
retical considerations suggest that embryo freezing is probably effective
in the prevention of ovaran hyperstimulation syndrome after IVF
{Mourad et al, 2017). Some authors also speculated a beneficial effect
of the so-called ‘freezeal’ strategy on the IVF success rates
{Stormiund et al., 2020; Wei et al,, 2019},

Focusing on harms, an important and growing source of concern re-
garding the use of frozen embryo transfer (FET) on a wide spectrum
of wemen is represented by its association with obstetric and perinatal
complications. In a welt-conducted meta-analysis of randomized

contrafled trials (RCTs), Roque et al. (2019) reported a higher risk of !

pre-eclampsia (PE} in pregnancies resulting from elective FET than
from fresh ET. A pivotal multicenter RCT comparing frozen versus
fresh single blastocyst transfer in ovulatory women, confirmed this find-
ing (refative risk (RR) 3.13; 95% CI 1.06-9.30; P=0,029) (Wei et al.,
2019). Maheshwari et al. (2018) pooled results of observational studies
and showed that babies conceived from frozen thawed embryos were

at lower risk of small for gestational age {SGA) and low birth weight

{LBW) but at higher risk of large for gestational age (LGA) and high
birth weight {Maheshwari et al, 2018; Somiglana et dol, 218}, In a
more recent meta-aralysis, Confarti et al. (2021} not only confirmed

the increased risk of LGA and PE but also observed a higher rate of !

cesarean section (CS) after the intrauterine transfer of a frozen-
thawed blastocyst.

Mechanisms behind the observed matermnal and perinatal risks in
FET cycles are still unknown and understudied. In this regard, von
Versen-Hoynck et ai. (2019} speculated that the censiderable higher
PE risk may be in part due to the impact of the IVF protocols on the

maternal hormonal milieu in the first trimester of pregnangy. In pro-
gramimed FET cycles (PC-FET), the agenesis of the corpus luteum
(CL) inevitably determines the absence of circulating vasoactive factors
such as relaxin, a potent vasodilator able to promote the matemal car-
diovaseular adaptation during the first months of pregnancy {von
Versen-Héynck et al, 2619). Starting from its role, von Versen-
Haynck et 6l (2019) theorized that the faclc of relaxin may determine
a higher susceptibility to PE development.

In the last 2 years, the von Versen-Héynck’s hypothesis attracted
the attention of many investigators (von Versen-Héynck et al, 201%;
Asserhgj et al,, 2021; Levi-Setti et al., 2020; Makhijani et al., 2020; Pan
et al, 2020; Zong et al, 2020; Wang et dl, 2020ab; Hu et al., 202};
Li et al, 7021). However, extrapolating the independent influence of
the endometrial preparation protocol on the most irportant obstetric
and perinatal outeomes is a difficult taslk, In fact, both preconception
{i.e. history of chronic hypertension, maternal age and maternal BMI)
and [VF related (le. indication to IVF/CS!, fertilizaion method,
embryo stage at transfer or embryo culture duration) variables may
confound the observed associations {von Versen-Hoynck et al, 2021},
Furthermore, the heterogeneity between studies both in terms of
comparisons carried out and of outcomes analyzed makes the general
picture complex and confusing.

Against that background, the objective of the present systematic re-
view and meta-analysis is to synthesize the available evidence regarding
the association between the different endometrial preparation proto-
cols for FET cycles and both maternal and perinatal risks. Our efforts
also focused on controfling, as much as possible, the effect of con-
founding factors in order to determine the impact of the endometrial
preparation protocol per s@ on maternal and neonatal health,

Materials and methods

This literature overview was reported according to the PRISMA guide-
lines for systematic reviews (Moher et al., 2009; Deeks et al, 2018)
and the meta-analysis was conducted according to the MOOSE guide-
lines (Brooke et al, 2021). Since published de-identified data were
used, this study was exempt from institutional review board approval,
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A protocol for this systematic review and meta-analysis has been regis-
tered at PROSPERO {ID number: CRD42021249927).

Sources and study selection

The present systematic review and meta-analysis was restricted to
published research articles that reported data relevant to the associa-

tion between different protocols for endometrial preparation in FET

cycles and risk of obstetric and perinatal complications. We systemati-
cally searched PubMed, MEDLINE, Embase and Scopus, from database
inception to | November 2021, Searches were limited to studies in
humnans and were conducted using the following terms: *frozen em-
bryo transfer’ OR 'FET' OR ‘frozen blastocyst transfer’ OR ‘pro-
grammed frozen embryo transfer cycle’ OR ‘natural frozen embryo
transfer eycle’ OR ‘stimulated frozen embryo transfer cycie’ AND “ob-
stetric complication’ OR “pregrancy complication’ OR ‘perinatal com-
plication’ OR  ‘meonatal complication’ OR ‘preterm birth’ OR
‘gestational hypertension” OR ‘pre-eclampsia’ OR 'post-partum hem-
orrhage’ OR ‘placenta previa’ OR ‘cesarean section” OR ‘post-term
birth* OR ‘gestational diabetes’ OR “placental abruption’ OR "prema-
ture rupture of membranes’ OR Tow birth weight' OR 'macrosomia’
OR ‘large for gestational age' OR ‘small for gestational age’ OR ‘neo-
natal mortality’ OR ‘stillbisth’ OR 'birth defect’.

Studies were included only if: () investigators reported obstetric
and/cr perinatal outcomes for one of the following endometrial prep-
aration protocol; PC-FET {l.e. treatment with estrogen and progester-
one with or without prior downregulation with GnRM agonist or

antagonist (no CLY); total natural FET cycle (INC-FET) {ie. without

any exogenous hormone and based on the endogencus LM surge

(1 CL)): modified patural FET cycle (MNC-FET) (e, administration of

hCG trigger after a natural cycle monitoring (4 CL)); stimulated FET
cycle (SC-FET) (te. a mix of cydes using different ovulatory agents
{e.g. clomiphene citrate or letrozole with ot without hCG, goradouro-
pin stimulation including FSH or kMG with or without GnRH agenist/
antagonist, or luteal support including progesterone with or without
hCG {at least 1 CLY (Ginstrdm Emstad et al,, 2019)); (i) investigators
induded at least 50 cases per analyzed endometrial preparation proto-

col. The embryo stage at the time of transfer (ie. cleavage stage or

blastocyst stage) was not considered either as an inclusion or an exclu-
sion criterion.

Pubjished RCTs, cohort and case control studies were all eligible for
inclusion. Both manuscripts and conference abstracts were screened.
All pertinent articles were retrieved, and their reference lists were sys-
ternatically reviewed to identify additional reports for inclusion in the
meta-analysis. Moreover, review articles and meta-analyses that fo-
cused on the association between FET and pregnancy and/or perinatal

complicadons were consulted, and their reference lists searched for

potential additional studies, No attempt was made to identify unpub-
lished studies.
Two authors {ABus. and [.S.) independendy performed an initial

screening of every article’s title and abstract. Studies were excluded if

they were deemed irrelevant by both the observers. If there was am-
biguity or uncertainty for inclusion, studies were discussed at group
meetings with the other authors. Reports were classified according to
the study design into RCTs, case-control swudies, prospective and ret-
rospective cohort studies.

investigatad outcomes

Primary outcomes were: hypertensive disorders of pregnancy (HDP),
pregnancy-induced hypertension (PIH) and PE. Secondary outcomes
were: placenta previa (PP); placenta accreta; CS; post-partum hemor-
rhage (PPH); very preterm birth {VPT8); pre-term birth (PTB); post-
term birth, macrosornia and LGA. We also investigated the association
between endometrial preparation protocol and gestational diabetes
mellitus {GDMY; placental abruption; preterm premature rupture of
membranes {PPROM); LBW; very low birth weight; SGA; stlbirth and
congenital malformations. Thelr definitions in individual studies are
reported in Supplementary Table SI.

Risk of bias and guality assessment

Two authors {A.Bus. and A.Bul)) independently assessed the Included
studies for risks of blas using the Newcastle-Ottawa Quality
Assessment Scale for cohort and case-control studies (Wells et at,
2009) and the Cochrane ‘Risk of bias' assessment toot for randomized
clinical trials (RCTs) (Higgins et al,, 2019). They also graded the quality
of evidence using the Grading of Recommendations Assessment,
Development and Evaluation {GRADE) approach {Akins et al., 2004).
Quality of evidence was downgraded by one level for serious concerns
and by two levels for very serious concerns for risk of bias, inconsis-
tency, indirectness, imprecision and publication bias.

Data extraction and analysis

Two authors {ABus. and F.F.} independently evaluated all articles and
extrapolated the data on standardized forms. A final abstraction form
was compiled from the two evaluation forms after a discussion with
the remaining authors. For every study, the year of publication;
Jocation; study design; data source; study period; characteristics of the
included subjects; included endometrial preparation protocols {i.e.
tNC-FET, mNC-FET, PC-FET and SC-FET); investigated obstetric and
perinatal outcomes were recorded.

For every obstetric and perinatal outcome, the risk estimate was
calcidated for the following comparisons (if encugh data were avail-
able): () PC-FET versus NC-FET (INC-FET + mNC-FET); (jiy PC-FET
versus tNC-FET; (i} PC-FET versus mNC-FET; (v) PC-FET versus
SC-FET: (v} SC-FET versus tNC-FET; {vi} SC-FET versus mNC-FET;
{vil) tNC-FET versus mNC-FET.

In order to account for possible confounders, sub-analyses were
conducted by pooling only risk estimates adjusted for covariates. in
particular, we considered both preconception {j.e. history of chronic
hypertension, history of pregestational diabetes, maternal age and ma-
ternal BMI) and IVF related (i.e. cause of infertility/indication to IVF/
1CSl, fertilization method {classical [VF versus ICS!), embryo stage at
transfer or embryo culture duration, embryo biopsy for preimplanta-
tion genetic testing (PGT)) confounding variables (Nouri et al,, 2013;
Horton et al,, 2019; Kebayashi et al., 2020; Spangmose et al., 2020).

The risk estimate was expressed using an odds ratio (OR) with 95%
Cl. The inconsistency of the studies’ resulis was measured using
Cochrane @ and the  statistic (Higzins et al, 2019). Risk estimates
were combined in a meta-analysis using a fixed effects model when
the heterogeneity found among the studies was absent to moderate
(0% < * < 30%). When heterogeneity was moderate, substantial or
considersble (2 > 30%), the DerSimonian and Laird method was used
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(DerSimonian and Laird 1986, DerSimonian and Kacker, 2007) for a
random-effects model (Fgger et al, 2001). All analyses were per-
formed using Review Manager versien 5.3 {Nordic Cochrane Centre,
Cochrane Collaboraticn).

Results

Results of search and description of studies

Figure | summarizes the process of literature identification and selec-
tion of studies (Moher et of., 2009). Our iiterature searches yielded
315 studies, of which |8 duplicates were removed. After a full review
of tittes and abstract, 28 studies were identified as potentially eligible
for inclusion. After a full review, we excluded five systematic reviews

and meta-analyses (Maheshwari et al, 2012, 2018; Rogue et ol 2019;
Moreno-Sepulveda et af., 2021; Zaat et af, 20213), two reviews (Singh
et al, 2020; Pereira et al, 2021), one study because obstetric and
perinatal outcomes of NC-FET cycles and of spontaneous conception
were not reported separately (Wiegel et af,, 2020} and one study be-
cause obstetric and perinatal outcomes of NC-FET and SC-FET cycles
were not reported separately (Waschkies et al,, 2021).

Data relevant to the association between the protocol adopted for
endometrial preparation in FET cycles and risk of obstetrics and peri-
natal complications were extracted from the remalning 19 studies
(Guan et al, 2016; Saito et al, 2017; Alur-Gupta et al, 2018;
Ginstrom Ernstad et al, 2019; Jing et of, 2019; Saito et al, 201%;
von Versen-Hdynck et ai., 20(9; Asserhej et of, 2021; Levi-Setti et o,
2020; Uin et of, 2020; Makhiani et al, 2020; Pan et al., 2020;
Zong et al, 2020; Wang et al, 2020a,b; Hu et af, 2021; Li et ol,

F
3
2 Records identified through Additionalrecords identified
a database searching through othersources
= - =
= {n=300) {n=15)
£
o
2
| S
—
Duplicate records removed
{n=18}
03
£
u‘n.; Records screened . Records excluded
{n=297) > {n=269)
b 4
Full-text articles assessed
for eligibility Full-text articles excluded:
g {n=28) \A With reasons (n=2)
,gn Review or meta-analysis (n=7)
T 3
Studies included in
— qualitative synthesis
— (n=19)
T b 4
L]
o Studies included in
'g quantitative synthesis
- {meta-analysis)
(n=19}
| S

Figure 1. Study flow chart,
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2021; Tao et o, 2021; Zaat et al, 2021b). Of these, 18 were rewo-
spective cohort studies and | was a prospective cohort study {von
Versen-Hoyncle et al, 2019). As regards the origin of data, the in-
cluded studies can be divided into two groups: (i} studies based on the
analysis of data extracted from national registries or obtained by com-
bining those of multiple VF centers {Saito et al, 2017, Ginstrém
Ernstad et ol., 2619; Saito et al., 2019; Asserhej et ol 2021; Pan et ol,,
2020); (i) studies based on data extracted from a single IVF center
registry (Alur-Gupta et al, 2048; Jing et al, 2019; von Versen-Hoynck
et al, 2019; Levi-Setti et of., 2020; Makhijani et o, 2020; Zong et af.,
2020; Wang et al., 2020a,b; Hu et af,, 20215 Li et al, 2021; Tao et al.,
2024; Zaat et al, 2021b). Characteristics of all included studies are
reported in Table |,

Primary outtomes

Hypertensive disorders of pregnancy

Twelve studies were meta-analyzed. We observed a higher risk of

HOP in PC-FET pregnancies {random effects model, OR §.90; 95% Ci
1.64-2.20; P<0.00001; P=50%) (very low quality) (Ginstrém
Ernstad et af., 2019; Jing et al, 2019; Saito et ol, 2019; von Versen-
Haynck et al, 2019; Asserhaj et al, 2021; Makhijani et al,, 2020; Pan
et al., 2020; Zong et al,, 2020; Wang et al., 2020b; Hu et o, 2021; Li
et al., 2021; Zaat et al, 2021b) (Supplementary Fig. SIA).

Two studies reported OR adjusted for a positive history of chronic
hypertensicn (Ginstrém Emstad et al, 2019, Makhijani et ol., 2020},
Pooling of their adjusted ORs {(aORs) confirmed the assoddation (fixed
effects model, OR 1.85; 95% Cl 1.51-2.27; P <0.00001; = 0%). Six
studies reported OR adjusted for maternal age (Ginstrdm Emstad
et al., 2019; Saito et al, 2019; Asserhej et ol,, 2021; Makhijani et al.

2020; Zeng et al, 2020; Hu et o, 2021} (random effects model, OR :

[.95; 95% Cl 1.58-2.41: P < 0.00001; > = 65%). Four studies reported
OR adjusted for embryo stage at transfer or embryo culture duration
(Ginstrdm Emstad et ol, 2019; Jing et dl, 20i%; Saito et al, 2019;
Asserho] et al, 2021) (fixed effects model, OR [.67: 95% Cl 1.46-
1.91; P<0.00001; *==0%) {Table U). Five studies reported OR ad-
justed for BMI (Ginstrdm Ernstad et of, 2019; Jing et of, 2019;
Malchijant et al., 2020; Zorg et al, 2020; Hu et of, 2021} {random
effects model, OR 2.08; 95% C1 |.74-2.48; P < 0.00001; /*=43%).
Two studies reportad OR adjusted for the adopted fertlization
method (Ginstrém Ernstad et al,, 2019; Asserhej et o, 2021} {fxed
effects model, OR 1.80; 95% Cl 147-2.19; P<0.00001; #=0%).
Seven studies reported OR adjusted for embrya biopsy (PGT) (ran-
dom effects model, OR 2.02; 95% Cl (.62, 252, P< 000001
i":SB%) (Asserhej et of, 202; Makhijani et al, 2020; Pan et al.,
2020; Zong et al., 2020; Wang et al,, 2020b; Hu et ol 2021; Li et dl,
2021). Four studies reported OR adjusted for the indication to IVF/
1CSI {Ginstrém Ernstad et ol, 2019; Saite et of, 2019; Makhijani et ol.,
2020; Hu et al, 2021) {random effects model, OR 1.98; 95% Cl | 45~
2.71; P < 0.00001; 2 =78%) (Table II),

Pregnancy-induced hypertension

Results from five studies were pooled. A significantly higher risk of PIH
was observed in PC-FET pregnancies (fixed effects model, OR 1.46;
95% Cl 1.03-2.07; P=0.03; £=0%) (very low quality) (Ginseém
Emstad et of., 2019; von Versen-Hdynck et al,, 2015; Un et al,, 2020;

Li et @, 2021; Zaat et al, 2021b) (Table 1§). One study reported OR

adjusted for matemal age, BMI, embryo biopsy (PGT) and for indica-
tion to IVF/ICS! and failed to confirm this association (Li et al, 2021)

{Table 11).

Pre-eclampsic

Eight studies were meta-analyzed. We observed a higher risk of PE in
PC-FET pregnancies {fixed effects model, OR 2,11; 95% Cl 1.87-2.3%;
P < 0.06000f; F=29%) (low quality) (Ginstrém Emstad et of, 2019;
von Versen-Hoynck et al, 2019; Asserhaj et af, 2021; Lin et al,, 20
Wang et al, 2020ab; Li et al, 2021, Zaat et ol, 2021b)
(Supplementary Fig. S1EB).

Two studies reported OR adjusted for a positive history of chrenic
hypertension (Ginstrém Frnstad et ok, 2019 von Versen-Hoynck
et al.,, 2019). Pooling of their adjusted ORs {aORs) confirmed the asso-
ciation {fixed effects modef, OR 2.06; 95% Cl |.61-2.49; P < 0.00001;
F=11%) (Fable Il).

One study focused only on blastocyst stage ET {Lin et al, 2020) and
two studies reported OR adjusted for embryo culture duration
(Ginstrém Emstad et af,, 2019; Asserhgj et al., 2021). Pocling of their
results confirmed the assoclation (fixed effects model, OR £.99; 95%
Cl 1,63-2.43; P <0.00001; *=09%). $ix studies reported OR adjusted
for maternal age (Ginstrdm Fmstad et al, 2019; von Versen-Hoynck
et al., 2019; Asserhej et af., 2021; Lin et al,, 2028; Wang et al,, 2020
Li et al, 2021) (fixed effects model, OR 2.17; 95% & 1.91-2.46;
P<0.00000; #=13%). Four studies reported OR adjusted for BMI
{Ginstrém Emstad et af,, 201%; von Versen-Hoynck et al,, 2019; Wang
et af., 20202; Li et al,, 2021) {random effects model, OR 2.28; 95% Ci
1.80-2.89; P<0.00001; l"‘:43%). Three studies reported OR ad-
justed the adopted fertilization method (Ginstrém Ernstad et al, 2019;
Asserhoj et al., 202}; Wang et al., 2020a) (random effects model, OR
226; 95% Cl 1.87-2.73; P<0.0000%; P 31%)., Three studies
reported OR adjusted for embryo biopsy (fixed effects model, OR
1.92; 95% €1 1,56, 2.37; P < 0.00001; #==0%) (Asserhef et al, 2021;
Wang et al,, 2020b; Li et al., 2021). Three studies reported an OR ad-
justed for the indication to IVFACS! (Ginstrdm Ernstad et al, 2019;
Wang et ol., 2020a; Li et al, 2021) {random effects model, OR 2.13;
95% Cl 1.75-2.59; P < 0.00001; /*=51%) (Table II}.

Secondary ouicoines

Placenta previa

Results from 10 studies were pooled. We obsetved a higher risk of PP
in PC-FET pregnancies (fixed effects model, OR [27; 95% ClI 1.05—
1 54; P=0.01; P=8%) (very low quality) {Ginstrém Ermstad et al,
2019; Saito et al, 2019; Asserhej et al, 2021; Lin et al, 2020;
Malhijani et o, 2020; Zong et af., 2020; Wang et al, 2020a,b; Hu
et al., 2021; Zaat et al, 2021b) (Table ll).

Six studies reported OR adjusted for maternal age. Pooling of their
aORs showed the absence of an association (fixed effects model, OR
1.16; 95% (] £.89-1.50; P=0.27; F:o%) {Ginstrém Emstad et al,
2019; Saito et of., 2019; Asserhaj et al, 2021; Makhijani et of, 2020;
Zong et al., 2020; Hu et of,, 2621). Four studies reported OR adjusted
for maternal BMI (fixed effects model, OR 1.28; 95% C| 0.90-1.80;
P=0.17; P=24%) (Ginstrdm Emstad et al, 2049; Makhijani et ai,
2020; Zong et al., 2020; Hu et al, 2021). Two studies reported OR
adjusted for the fertilization method (fixed effects model, CR 0.84;
95% Cl 0.49-143; P=0.52; F:G%) (Ginsirdm Emstad et al, 2019;
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TFable 1 Characteristics of included studies,

Study Country Design Data origin Study Included Embryestage  Nr. of incdduded HRT scheme PGT Investigated
period populatian attransfer pregnanciesfor outcomes
each endometrial
protocol

Guinet ¢, 2016

fapan Regster-based  Japanese ART 2016 ‘Women with regular Cleavage mNC-FET {n= (84}, 46 mz/day of oral estrad NR HDP, GO, FT8, IUGR,

cohortstudy  regsury for 2016 menstrual intervaki, PCFET (n=271) {estraciof valerate, Progynova, Bayer mecroom, stibih,
Patlents with a his- HezfthCare, Gesmany) starting on congental ms¥ormatons
1ocy of RIF or abor- Days 2—4 of the natural menstrusl cy-
tion ware excluded. de. The estradiol dosaga was adiusted

bated en the endomeirial thickness
and leve! of serum EL After adequate

endomevil protferation (dameter

28 enm) and serum EX concentration
(200-300 ng/l) were documented, in-
wramuscutar progastarone adnvnistra-
ton vwas commenced. Both estradiol
and progestorane were adiinistered

vl |0 weeks of gestation,

Saroeral, JN7 Japan Retrospective  Japanese ART w013 Women wha under-  Botheleavages  MNG-FET {(n=4§287); Oral and transdermnal estrogen prepa- NR S, FT8, PostTh, LEW,
cohortstdy  regsty for 2013 wenlzito'ozous FET  andbiastegst PCFET (n= 10235} rations end ore), Injectsble znd wans- macrotoms, SGA, LGA,
at 557 Japanese ART vaginal progesterane are used, The stibirth
faciles in 2013 and exact HRT protocol edopted s not
acheved alive birth specified by authors because it dffers
aftar 22weeks of among pasticipating dintes and are net
gastation, preclsely reported In the fapanese
ART registry.
Ar-Gupta usa Retraspeetive  PenFertfty Care 2013-2017  Women of allages Blastacyst NC-FET (p=+ 105);  Luteal phase GrRH analog suppres-  Analyseswere Stibirth
el 2W0IE cohort study eenter PCFET (n=923)  ston Oradevadiobwastheninitnted  2djusted akofor
undergo'ng attole- atadose of 2mz daiy and titrated to the adoption of
gobs bhastacyit & mg daify over 12 days. In cazes of In- FGY
trantfers. adequate endomelrial thicknass or

merpholegy or adequate E2 level,
vaginal EX or bigher doses of oral E1
were admntstered. Intremusauar pro-
gesterone was Intiated at 5¢mg when
approprite parameters ware met,
and blasrocyst transfer was scheduled
10 occur on the bth day of progester-
one supplemantation.

Ginstrom Sweden  Registerbased MNatind ARTreg-  2005-2015 Al singlatendelver-  Bothdeavage  PC-FET {n=I448); Estrogen and progesterone with or MNAR PP, PAbr, HDP, PE, FiH,
Emstadet ol cohortstudy Ity cross-Foked jes achieved In and blastogyst  NC-FET (n=6297);  wilhout suppresslon with a GaRHa/ PPH, CS, congenital m3!-
Wi vith Sweden through he- SC-FET {n=1983) antagoatst formarions, FT8, VPTB,
malogaus IVF be. stiibirth, LGA, SGA, mac-
tween 2005 and resomia, LBYY, VLEW,
2015. FostTB
{cominued)
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Table I Continued

Study Country BPesign Data origln Study Included Embryo stage  Nr of included HAT scheme PGT {nvestigated
period popuiation at transfer pregnancdiesfor outcomeas
each endometrial
protacol

Jrg etol. 2019 China Retrospetthe  Citic-Xiz 20113046 Theinduded women  Bothcleavage  PGFET {ne= |025}: Estrogen {Progmova, DELFHARM R SGA, LGA, GDM, HDP,
cohort study  Hospira fertiity had atleast one bias:  andBlastogyst  MCFET{n=3872) Life SAS, France) 2y estradiofvel: s

<enter regsiy 1oryst or two deav- erate) was administered orelly: one pll

age-stage embryos in on Days 1, 2, 3 and 4; twa pils o
storage, regular o Days 5, 6end i three pils enDays 8,
latory eyeles, and 2t 9, 10zand {1 four pills on Days 12,13,

most twa previous 14, 15 and 16; and teo piis on Days
ET qdes. 17 to 34, WWhen the endormetria! thick-
niess reached at feast 8 mm, dydroges-
terone was administered orally {10mg
per 12h; Duphaston, Abbott

Binlegicals BY.} and progesterone vag:

Tnally {200 mg, three times a day;

Urrozestan, Capsugel}).

Lin et ¢t 2020 China Muticenter  Registdesof 2l 20062017 Women with regufar Bhastocyst PC-FET (n=H4); Oral estradiof velerate {Frogsova, NR GDM, HDP, PE, PIH, PP,
retrospective  acadendc fertitty menstral cytles mNC-FET (n=305); De'pharm Ei%, Lys-Lez- Lannoy, F¥8, PPH, SGA, LGA,
cobort stdy centers undergolng the'r fust France} at 2 dose of 48 mg dafiy was cangenial mafformations

oyde ol VR staried on Days -3 of the menstrual
eycla. Vaginal progesterone gel

(Crinone, Merck Serono) 30mgfday

and oradl dydrogesteroee [Bmg twice

daily were added when the endome-

rial thickness reached ¥ mm or mare.

Srtoet o, 2019 Japn Retrospective  Japanese ART 2014 Women who under-  Both dleavage MNCFET Oral and trasdermal estrogen prepera- MR FT8, PastTB, TS, PR,
cohortsudy  registy for 2014 vrent 2utelogous FET  and bstoryst  (n==29 760); PC-FET  tions and oral, Injectable and trasvagh- PAbr, HOP, PAcer,

2t 574 ART Japancse {n=75474) ml progesterons are used. The exact GOM, PFROM, LBW,
fecities In 2014, HRT protocal adopted is not spaciizd macrosams, SGA, LGA
by authots bacause it dffers ameng
paridpating chrics and 2re not pre-
cisely reporied in the fspenese ART
regsuy.

ven Versen- UsA Prospective Reproductive 2011-2017  Three cohoris of NR PC-FET (n=94);  OCPs on Day 3 of the menstrual oycle MR HOP, PIH, PE

Hegrek et o, cohortstudy  Endowinelogy pregnant women NCFET [p=127)  for 1440 d3ys. 3 days prior to dscon-

2019 and Infertfary concelving: [} spon- tinuation of OCPs, 81 mz of ASA and

<¥nic, University tanecusly; (&) by au- 1 mg of Lupron SCwere started. Once
of Ferida tedogeus or denor edequate suppression was achizved,
FET (5) aher ovarizn 0.1 mg estradiel patch was phced and
sevadation, IVF and changad every other day, On Days
fresh embryo 7-8 of estrogen therapy, dosing was
transfer. increased to 2 patches every other
day, on Days 3-12 dosing wes in-
creased to 3 patches and on Days {3~
14 to 4 patches. Pending adequate re-
sponse, Prometrium 200 g vaginaty
nwice 2 day 2nd Progesterona | sl
50rng IM nightly were started.
{continued)
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Table | Continued

Study Country Design Data origia Study Included Embryo stage  Nrn ofincluded HRT scheme PGT Investigated
period population at transfer pregnancies for outcomes
each endometsiat
protocal
Assechojet ol Denmark  Register-baged  Nadonal ART  2006-2014  Datafrom | 136de-  Bothdeavage PCFET (=357}  Prozesterone and/orewvadiclwithor  Authors e HOP, FE, PPROM, £,
1021 vohaort study registry goss leries afierautole-  andblistogyst  mNC-FET {r=611)  without prior downregubtion with  cluded pregran-  Pabr, PPH, €5, PostTB,
Inked with na gous FET, CTET (n=166)  GnRH agenist/antagonist. No hCG cies achleved  PTB, VPTB, macrosomi,
gosl Patient was adinistared during the FET cyda. afler PGT SGA, LGA
Register
Levi-Setti et of, haly Revospectie Humartas 200 12087 Women whe under- Bhastocyst NC-FET {(n=581);  Etradiclva'erate (Progman, Bayer, NR LGA
1010 cohortstudy  Fertilty center went sing’e blastocyst mNC-FET 2 mg) from the second day of the men-
regsiry transfers with vitrd- {n=1749), PC-FET  strual cycle ungl the endometrial thick-
fied/ revearmed Day {n="585) ress reached at fease 7 mm, If
Sorbayé endometrial thickness vas less than
blastogysts. Tmm, after | 2days of E2V, the dose
was increased to Bmg/day.
Endametrial preparation for transfer
consisted of continued estradiol
(68 g a day E2V} combined with
600 g of vagnal micronized progas-
terone tablets (Prometrium,
Ronapharm S.p.a., 200mg every Bh).
Ml bt et ol, USA Retrosprative University- 2003-2018  Wormen wha under- Blastogyst PC-FET (n=351) Programmed eycles consisted al Aralyses per- GDI4, HOP, PPROIM,
W20 cohortstudy  afffated ferniy wiant ET of previ- MCRT (n=384)  downreghitionvitha GalH agonist  formed usinglo-  Pabr, PAcer, PP, PPH,
center ously vitrified inthe hiteal phase of the preced'ng ey-  gistic regression CS, PTB, VFTB, LBW,
blastocysts derivad cle fo'owed by Increasing doses of were adisted  macrosomia, conganial
Trom avtelogous oral or transdermal estradiol after also for the me'formations
vocytes betwzen menses. [ntramusoular progesterone  adoption of PGY
tarch 2013 and was started when gndometrial thick-
Octeber 2018 and ness measured about Bam,
achleced a singleton
iree birth,
Panetal, 2020 China Retrospectie Registersof 20 2015-2017  Women aged be- Cleavage MNC.FET (n=£83)  Oral estradiol valerate was given daily Authors GO, HOP, CS, P8,
cohort sudy  fertifty centars oween 20 and FC-FET {n=125) at adosa of -8 mg started on 1he excluded PostTB, LBV, macraso-
33years wha 1-3day of the period. When the en- pregnancies mla, $GA, LGA, congend-
achieved pregnancy dometrial thickness reached Tmmor  achlesed wher tat maforrnations
after FET between more, twite daly oral dydrogesterone PGT
2015 and 2017, ({0mg) and vaginal progesterone ge!
(S0 mg/dxy) veere added.
Wangetof, China Retrospective  Registry of the 2013-2018  Singleton daliveries Blastocyst NCFET (n=102il}:  Estrogen, ata dose of 46 mg daty, NA FE, GDM, PP, PAbr, PPH,
piirle) cohort study center for afier frozen blaste- PCFET n=4162)  wasintiatad on the second or thrd LBW, macrosomia, LGA,
Reproduttie cyst ransfer. dhy of the menstrual eydle and basted SGA
Medicine Extlugion criteriat {i) for 1014 days commonty, with the
Afifated to age > 40years; (7) purpose of promoting endometrial
Shandang B 235 kg/m; (i) pretferation and inhibiting folscutar
University PCOS; (i) selfor grawth. The dossge and duratlon of

family Wstory of PE;
{¥) general heahth
problems; {) RIF

estrogen wers raised unti the endo-
melrial thckness reached a proper
state for embryo tranifer (commonly
2t least 8mm), a1 which time keum
support was added.

{contiued)
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Table | Continued

Study Country Design Data origin Study Inciuded Embryostage  Nr. of included HRT schems PGT Investigated
period population at transfer pregnandes for outtomes
each endometsial
protocol
Wang etol, Chna Retrospecive  Shanghei Nvth  2014-2017  Womenwhoundse-  Bothcleavege  POFET {n=2744) Oral 1 7b-estradol {Fernaton 2mg Authers ex- FF, GDIM, HDP, PTS,
2066 rohort suudy People's went autclogeus FET  and blastonysy mING-FET three times duly; Abbott Heakheare  cluded pregnan-  LBW, YLBW, SGA LGA,
Hospital IVF cen- gydes. All singleton L {n=2238% SCFET  Products BV.) was commenced on cies achisved FR2CIOsOma.
ter registry Eve binths with gesta- {n=42%%) tha 2nd or 3rd day of 2 natwral or pro- afier PGT
tional 2ze no gesterone-induced menstrual oyde,
< 2Bvoeels, were When the endometiz) thickness was
identfed. B mm, vaginzl progestercne supposita-
ries (400mg/ day; Utrogastan; Besing
Heaheare, Brussels, Belgurn) and yed
lersr orad Fematon tablets (consisting of
2mg | Tb-estradicd and 10 mg dydro-
gesterone per tablet, & mg/day) were
initated.
Zorget o, 2020 China Revospecive  Regsuyofthe  2015-I018  Women aged 20-40, Blastogyst MNC-FET {n=4727); 4 mg orel estraciol valerate Aurthors HDP, GDM, PR, PTR,
cohort sdy center for wha received FET PC-FET {n=l642): (Progsmera, Delpharm Life) since exchided LBW, SGA, LGA
Reproductive treaument after IVF/ mNC-FET (n=517) Days 2-4 of menstrustion for pregnandes
Medicine, B 1St eycles from 5-6dzys, and then & mg for the follow-  achieved after
Shandong Janwary 2615 to July g 5L days. Thereafter the dose of FGT
University 2018 and defvered sstadiol va'erate, which was Bmg/day
smgleton Fee birth maximaly, was moduated accerding
baby afier 2B veeks 10 the endometrium thickness and the
of pregnancy. E2 levels. When the endometiom
thickness reached atJeast 7 mem, FET
wveas schedued in S days.
Dydragesterona 40 madday und pro-
gasterona capsules (Urogestan,
Capsuged) 200 mg/day were gven as
Iutezl phase support unti the 12th
week of pregnancy.
Lietat, 2621 Chinz Retrospective Intematonal 2010-2017  Deliveries eher FET, MNR NCFET (a=1431);  Valerate estrogen vas administered Awthors ex- HOF, FE, AiH, GDM,
cohortstudy  Peace Harermity PC.FET {n= 1234);  orefyumnil the endometria thickness  cuded pregran  PTB, C5, LBW, macroso-
and {hd Heakh SCFET {n=272)  rexhedup ta Tmm, dydrogesterone Ges achiered mia, SGA, LGA
Hospital was admiristered orally, together with after PGT
progasterone was administered wvagh-
naty for luteal phase suppert.
Tao et ek, 2031 China Revospective  Repmductive  2003-20i%  Pregnanciesachieved  Bothcleavage  PCHET {n=26776) From rytle Day 3 onwards, ore! ethi- MR CS, PT8, PostTB, PP,
wohort sudy  Medicine Centre after autologous FET,  and Bastogst  SCFET (n=29121)  riylestractol {Shanghai Xinyi Pharma, Pabr, HOF, Facer, GDM,
of the Shanghai Ching) ¥5 pg/fday was administered. FPROM, stbirth
Nth Peop'a's When the endometrial thickness was
Hospial >Bmm. four yelow Femoston tablets
(Sotvay Pharmaceurticals B.V., USA)
(totz! of B mg estradiol and 40 mg
dydrogesterone) per day were started.
The progestn supplamant veas contin-
ved unid Bweeks of gestation F preg-
nancy was achieved.
[continued)
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Table 1 Continued

Study Country Design Data origin Study tncluded Embryo stage Nz of included HRT scheme PGT Investigated
period population attransfer pregoandes for outcomes
each endometsial
protocal
Fu et o, 2021 China Retrospective  Universty-affi- 2013-2019 Women who under- Blastocyst NCFET (n=3790); Oral estradiol 3 g, Progynova; Actthors ox- CS, PTB.VPTB, PesiTB,
cohort study  ated fertifity cen- went FET. Bxcfusion PCFET (n=2561)  Bayer) was used twiceadayoncycle  cluded pregan- LBV, mecrosomba, SGA,
ter registry criteria; FET protocol SCHET {n==670)  Day 2 This dose was adiuged based ties achieved LGA, HDP, GDI, PP,
not recorded, on endometrisl thickness every 7 days. fter PGT congerital ma¥ormations
women lost to fol- After 1010 14 days, a trensvaginal ub-
fowr-up and women trasound was perfermed, and the se-
veho had Ffed cpcles, nam pragesterone leeel was measured.
twin deliveries, or i ne doiminant folide was found, oral
neenztal death. dydrogasterone (10mg with dose
changed to 20 mg Ldays later) was
added to the regimen
Zaatetal, MNetheriands  Retrospective Unherstyof  2009-2014  Women who under-  Beth dleavage PC-FET {n=37% Orab estrogen {progmaovaw 2mg NR LBV, macrosemia, LGA,
2021 analysh of a Amsterdzm, went FET. fndusfon  and blistegyst  mNGFET (n=45) three timas dx'ly; Bayer) was com- SGA, HOP, FE, PIH,
RCT anter for criteria: () aga be- menced on the first or second day of GOIM, Pacer, Pabr, PTB,
Reproductive tween 18 and the cyde with the alm of supporting VPTR, C5. PPH. congent
Hedicine A@years; {u) first,

second or third IVE/
HCSl eyele; (G} reqular
menstrusl eycle.

endometrlal profferzuon and sup-
prassing fofidle growth. After 12—
14 diys, vaginal Gtrasound examina-
von vas pedormed 1o confirm that na
doménant fotde had emerged and to
measure endomatial thickness. When
the endometrial thickness reached
28 mm, vaginal micronized progester-
ene 200 mg thres mes daiy was ad-
ministered and embrya thawing and
eransfer was pnned.

tl malformations

€5, cesarean section; GDM, gestationat dizbates metitus; HDP, hypertensive disorder of pregnancy; HRT, hormone rep'atement therapy; LBW, low birth vraizht; LGA, hige for gestations) age; mNC-FET, modfied natral cyde for froren em-
bryo wznsfer; NC-FET, matural cyde for frozen embrye ansfur; NR, not reported; QCP, oraf contraceptive pi't PAbr, placenta! abrugtion; PAccr, placenta acaruta; PC-FET, programmaed cycle for frozen embryo transfers PE, pre-ecimpshy;
PR, pregnancy-induced hypertentlon; PosiTB, post-term birth; PP, piacenta previa; PPROM, preterm premature nupture of membranes: FTB, preterm bisthy RIF, recurrent mplantation failure; SC-FET, stimuated FET cycie: SGA, ymatl for ges-
wavionat age; UNC-FET, rotal natwal eyde for frozen embryo transfer; VLBWY, very low binth weight; VETB, very preterm birch,
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Table Il Obstetric and perinatal outcomes in pregnancles fallowing frozen embryo transfer using aprograrnmed (PC-FET} versus natural (including modified natu-
ral; NC-FET = tNC-FET -+ mNC-FET) protocel.

Qutcome ncluded studies

Ginstrén Ernstad etal, 2019 §ng
etal., 2019; Saito et ol 20191 von
Versen-Héynck et ol 2019;
Asserhoj et ol 20215 MakhTand
etal., 2020; Pan et ol 2020;
Woang et of,, 2020t; Zong st al,
2000, Hu et el 2021; Li et of.,
2021; Zaatet gl 202ib

HDP

Odds ratle (35% CI)

Random effects model, OR 1.90;
95% €1 1.64-2.26; P < 0,00001;
F=50%

Histoiy of chronic hypertension

Possible canfounding variable  Studies reporting odds ratio adjusted

Haternal age

Embryo stage at wransfer or
embryo cultwre duration
Materna! Bt

Fertilization method (dassical IVF
vs 1CSH)

Embrya biopsy (PGT)

Indication to IVF/1CSI

{or the confounding variahie

Paoling of adjusted odds rate
results

Ginstréim Ernstad et ol., 2089; Hakhijani
et ok, 2020
Ginstrém Ernstad et ol 2019; Saito et ol
2019; Zang et ol., 2020; Asserhcfetol,
20115 Makhjané et ot 2020; Hu et ol 2023
Ginstrem Ermstad et al, 2019; Ing et ol
20§9; Seiwo e af, 2019 Asserhcj et ot 2021
Gioserdm Emstad et ol, 2001%; Jing et o,
2019; Zong et al., 2020; Makhizni et ol.,
2020; Hu et ol 2021
Ginsurdm Emstad et of., 2019; Assesnci
etol, 2021
Asserhoj et ot 2021; Makhijani et f., 2020;
Pan et ol 2020; Wang et al,, 20209; Zong
etcl, 2020; Lietol, 2021; Ho et o, 2021
Ginstrsm Emstad et ol, 2019; Saita et ot
2019; Miakhgani et ¢, 2020 Hu et gl 2021

1.54-2.27; P < 0.00001; ' = 0%
Random effects modet, OR 195 95% Cl
1.58-2.4%; P < 0.00001; * = 5%

Fixed effects model, OR 1,67, 95% CI|
146-1.915 £ < B00060; P = 0%
Random effects medel, OR 2.08; 95% I
1.74-2.48; P < 0.00001: * =43%

Fixed effects madel, OR 1.80; 35% Cl
1.47-2.19; P < D.00001; ' = 0%
Randem effects medel, OR 2.02; 95% C1
1.62-2.52; P < D.00001; [ = 58%

Random effects model, OR 1.98; $5% CI
1 45-2.71; P < 0.0004; 1= 76%

Un et ol., 2020; Ginsurém Emstad
erol, 2019; von Versen-Haynck
etal, 2019; Liet ol, 2021; Zaat
etol, 2021b

PIH

Fixed effects model, OR, 1.46;
95% C11.03-2.07; P=0.03;
f=0%

MMazernal age
Maternal BiMI
Embryo blopsy (FGT)
Fertilization method (dassicat IVF
vs 1CS1}

Lietal, 2021
tierah, 2021
Lietol. 2021
Uetol, 2021

OR 1.34; 95% C10.96-1.79
OR 1.31;95% C10.96-1.7%
OR [.3}; 95% C10.96-1.79
OR 134; 95% C10.96-1.72

Ginstram Ernstad ez al, 2019; von
Versen-Héymekeral, 2019;
PE Asserhej el ol 20045 Linetal,,
2020; Wang et of, 7020a,b; Li
etal, 2021; Zaat ez h, 20210

Fixed effects model, OR 2L 1;
95% C1 1.87-2.39; P< 0.00001;
7 =29%)

History of chreric hypertension
Embiyo stage at transfer or em-

brya culture duration
Maternal age

Marernal BMI

Fertilizatlon method (classical IVF
vs ICSI)

Embryo blepsy {PGT)

fndication to IVF/ICSI

Grnsuréim Ernstad <t ol 2019; ven Versen-
Hiynck et 6t 2019
Uin e ok, 2020; Ginstrom Emstad et gty
2019; Asserhojet ok, 2021
Ginserém Ernstad et ol 2019; von Versen-
Haynck et al., 2019; Asserhaj et ol 2021;
Lin et of,, 2020, Weang et ol,, 2020a; Li et 5t
2021
Ginstrom Emnstad et of., 2019; von Versen-
Héyndk et ol, 2019 Wang et ol, 20202, U
etal, 2024
Ginstrém Emstad et ol 2019; Asseriie]
et ol, 2021; Wang et ol., 20202
Asserhej etal, 20213 Wang et ol 2020b; Li
glal, 2021
Ginstrom Ernstad et all, 2019, Wanget o,
2020a; Li et al, 2024

Fixed effecis model, OR 2.00; 95% Cl
1.63-2:4% P< B:O000L; P = 11%
Fixed effects mode!, OR 1.99; 95% C|
1.63-2.43; P < 0.00001; P == 0%
Fixed effects model, OR 2.17; $55 Ct
1.91-2.46; P < 0.00001; 2= 133

Random effects model, OR 2.28; 95% Cl
| 80-7.89; P < 0.00001; * =43%

Random effects model, OR 2.26; 55% C1
1.87-2.73; P < 0.0000 ;1 =31%
Fixed effects made!, OR 1,92, 95% Cl
1.56-2.37; P < 0.00001; /? = 0%
Randormn effects model, OR 2.13; 95% Cl
1.75-2.59; P< 0.00001; ! = 51%

(contnued)
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Table I Continued

Quicome

PP

Included studies

Girstrém Ernstad et of, 201%;
Saito et al, 2019; Asserhef et al,
20215 Lin et of., 2020; Makhani

etoh, 2020; Wang etol, 2020a,b;

Zong et ol 2020; Zaacet of,,

2021b; My et of., 2021

Odds ratio (95% C1)

Fixed effects model, OR 1.27;
95% CI1 1.05-1.54; P==0.01;
= B%

Possible confounding variable
taternal age
laternal Bl
Fertitizatlon method (dassical IVF
vs 1CSI)

Embryo stage at transfer or
embryo culture duration

Embryo biopsy (PGT)

Indication to VF/ICS}

Studies reporting odds ratio adjusted

for the confounding varjable

Ginstrom Emnstad et ol,, 2019; Saito et al,,
2019; Asserhoj et o, 2021; Makhijani et al.,
2020; Zong et al, 2020; Hu et al., 2021
Ginstedm Emstad et ol,, 2019; Madzni et al,
00, Zeng et al, 2000; Hu et at, 2021
Ginstrdm Emstad et 61, 2619; Asserhcj
erol, 2021
Ginstrém Ermstad et gk, 2019; Szito &t of,
019; Asserhojet ol 2021
Asserhof er al, 2021; Makhiizni et ol, 2020;
Wang et al., 2020b; Zong er al,, 2020; Hu
etal, 2024
Ginstrém Benstad et ok, 2019; Saito el al.,
201%; Hakbyjani et o, 2020; Hu e al,, 2024

Pooling of adjusted edds ratio
results

Fixed effects modza!, CR 1.15; 95% Ct

0.89-1.50; P=027; P = 0%

Fixed effects model, QR 1.28; 95% ClI
0.90-1.80; P=C.17: A =24%
Fixed effects model, OR 0.84; 95% CI
049-14% P=0.52: 1= 0%
Fixed effects model, OR 0.93; 95% C}
0.66-1.31; Pe=0.68; = OF
Fixed effects model, OR 1.58; 95% Cf
1.28-2.07; P=0,0009%; I*= 0%

Fixed effects model, OR 1.06; §5% CI
0.78-1.46; P= 0.70; F= 1 2%

PPH

Ginstredm Emstad et ol., 2019;
Asserhej et of., 2021 Ui et ol,,
2020; Makhijan et af., 2020; Warg
etal, 2020a; Zaav ez cl, 20210

Fized effecis mode, OR 2.53;
$5% Cl 2.19-2.93; P < 0.0000F;
P=0%

Maternal age

HMaterraf BIME

Fertilizaton method (dassical IVF
vs {CS0

Embryo stage at trensfer or
embryo cufture duration

Embryo biapsy {(PGT)

Indication o IVE/ICS]

Ginstrom Emstad er ol 2019, Lin ez af.
2000; ekhijani et ol 2020; Wang et al,
2020a; Asserhaj et al, 2021
Ginstrim Ermstad et of., 2015; Makhijan
et oh, 2020; Wang et al,, 20202
Ginstrém Ernstad et ol 2619; Asserhoj
et ol, 2021; Wang et ol 20202
Ginstrém Ersiad ez al, 2019; Asserhaj
eial, 2021
Asserhicj et al, 20217 Lin et of, 2020;
Baldvjani et of., 2020
Ginstrdm Ernstad et of., 2019; Makhijani
et o, 2020; Wang et ol 20202

Fixed effects maodel, OR 2.54; 95% CI
219-2.94 P< 000001 P = 0%

Fixed effects model, OR 2.64; 95% Cl
272-3.13; P < 000008 1 = 0%
Fixed effeczs model, R 2.53; 95% CI
2.18-2.94; P < 0.00004; f = 0%
Fixed effects model, OR 2.52; §5% Cl
2.46-2.93; P < 0:00001; £ = 0%
Fixed effects model, OR 2.27; 95% CI
1.72-3.00; P < 0.00001: 1 = 0%
Fixed effects model, OR 2.64; 95% Ct
2.22-3.13; P< 0.00001; f = 0%

s

Saite et al, 201 7; Ginsrrém
Ernstad etol, 2019; fng et of,
2019; Saite et al, 20%9: Asserhoj
et al, 2021 Makhijani et of,, 2020,
Pan et al,, 2020; Wang el of,,
20202; Zong eral., 2020; Li et ol
202); Hueral, 2021 Zaat et of.,
202t

Random effects model, OR 1.62;
95% C1 1.53-1.71; P < 0.00001;
1= 48%

Matermal age

Maternal BMI

Fertitization method {classical IVF
vs ICSH)

Embryo seage at transfer or
embrya culwre duraden

Embryo blapsy (PGT)

Indication te IVF/ICSI

Salto et al, 2017, Gnstrdm frnstad et of.,
ito et ol 2019; Asserhpj el ol.,
20215 aldviani et ol, 2020; U et o, 20241
Hu ezel, 2021
Jing et ol 2019; Ginswrém Ernstad et al.,
2019; Madviani et ol 2020; Li et ol 20215
Hu et al, 2021
Ginsrém Ernstad ez al, 2019; Asserhgj
etol, 2021
Ginstrdn Emstad gt al, 2019 Saito et ol
2019; Asserhcjetol, 201
Asserhe] €0 ol 20215 Makhipnf er of,, 2020;
Pan 1 of,, 2020; Zong et ol 2000; Liet of,,
2020; Hu et al, 2021
Saito er b, 20175 Ginstrdm Emstad et ol
2019; Saira et at., 2019; Makhiani et ol; Ui
et al., 2021; Hu et ol, 2021

fixed effects model, OR 1.54; 95% CI
1.44-1.66; P < 0.00001; * =44%

Fixed effects model, OR 147, 95% C}
1.36-1.58; P < 0.00001; 1 = 4%

Fixed effects model, CR 1.41:95% Cl
1.25~1.60; P < 0.00001; ! = 0%
Random effects moddl, OR |.54; 95% CI
134-1.78; P < D.O00O1; P =64%
Random effects model, QR 1.55;95% CI
141-1.71; P 0.00001; 1= 33%

Random eflects mode!, OR [.54; 95% Ci
1.43-1.67; P 0.C001; P = 43%

(continued)

0£9i

W0 13 jausng

£Z07 JOQUBAON R Uo 15onD AQ ZEZSRGE/E 10 L/ LML nypuos Ao alspEsE SR WOy papesiumOd



Table 11 Continued

Qutcome Tncladed studies

Guan et al,, 2016; Saito el ol
2017; Szho &t &, 2019; G'nstrom
trnstad excl, 2019; fog et ol
2019; Lin et al., 2020, Wang et al.,
7020ab; Asserhej et of,, 2021;
$akhifan et ok, 2020; Panetol,
2020; Zong et al., 2020; L et ot
2021; Huetol, 2021; Zaatet ok,
202lb

PTB

Crdds ratio (95% C)

Possible confounding variable

Studies reporting odds ratio adjusted

far the canfounding variahle

Paoling of adjusted odds ratio
results

Random effects madel, OR L.1%
95% C1 1.09-3.29; P < 0.000%;
P=47%)

t4atemnat age

Maternal Bl

Feritization method (dasstcal IVF
ws 1CSty
Embryo stage at transfer or em-
brye culture duration
Embryo biopsy (PGT)

Indication to IVF/ICS

Ginstram Emistad ez ol., 2019; Saite etol.,

2019 Asserhzj et of., 20215 Lin et af, 2020;

Li et o, 2021; Hu et ai., 2021
Fag et o, 2049; Ginstrdm Ernstad et ol
019 Betol. 2021
Ginstrom Ermstad et ol 2019; Asserhaj
et ol, 2021
Ginstrdm Ernstad et ol,, 20§9; Asserhz)
etol, 2021

Asseriic] el o, 2021; Makhiant et o, 2020;
Pan et ok, 2020; Wang et al, 2020b; Zong

et of, 2020; Liet al, 2021 Hu et gt 2021
Ginstrén Ernstad &t ol, 201%; Salto et at.,
2019; Lietal, 2021; Huetol, 20214

Randoemn effects model, OR 1.1%;
1.05--1.36; P=0.007; /' 2= 46%

Fixed effects model, OR 1.11; 95% Cl
1.00-1.24; P = 0.05: F=0%
Fixed effects mode!, OR 1.10; 95% C)
0.89-1.35; £ =039, " =0%

Fixed effects model, OR |,10; 95% C1
089-1.35; P=03% F =0%
Random effects model, OR 123, 95%
1.10-1.53; P=0.003; P =50%

Random effects modet, OR 1,22; 95% Cl
1.06-1.41; P=0.006; ! = 67%

Gingtrisen Ernstad et ol 2019; fng
et ok, 2019; Asserhej ez of, 20211
IMzkhzani et of., 2020; Wang et i,
2030b; Hu et oll, 2021; Zaat et
al, 2001b

VPTB

Fixed effects model, OR 1.63;
93% 1 1.23-2.15; P == 0.0005;
P=21%

Matemal age
aternzi BML

Fenilizatlors method {dassical IVF
vs ICSY
Embryo stage at trznsler or em-
brye cu'ture duration
Embryo biopsy (PGT}

Indication ta IVF/ICS1

Ginstrom Emstad et ol, 2019; Asserhoj
etol, 2021; Huetal, 2021
G'nstrdm Emstad et of, 2019 Hu et al.,
w21
Ginstrom Ernstad et of,, 2019 Asserboj
etol, 202F
Ginstrom Smsead ed o, 2019; Asseroj
et o, 2021

Asserhzj et gl, 2021; Makhiiani et ol,, 2020;

Warg et of,, 20205; Hu et sf, 2021
Ginserdm Ernstad ez od, 2019 Hu et of,
2021

Random effects model, OR 1,715 95% Cl
0.92-3.19; P=0Q9; 1= 68%
Random effects model, OR L.64; 95% Cl
0.66-4.05; P=029; ! =84%
Random effects model, OR 1.29; 95% <)
071-2.33; P=041; '=34%
Random effects todel, OR 1.2% 95% (1
0.71-2.3%: P=041; P =34%
Fixed efects model, OR 2.00; 95% C|
1,40-2.85; P=0.0001;  =0%
Random effects mode), OR 1.64; 95% C1
0.66-4.05; P=0.29; ' = B4%

Saita et al., 2019; Mzkhiiani et al,,

Pacer 2090

Fixed affects model, OR 6.2%;
95% C1 2.75-14.40; £ < 0.0001;
£=0%

Maternal age

Maternal BMI
Indications to IVF/ICSH/ Cause of
nferticy
£mbryo blepsy (PGT)
Embryo stage at bansfer or em-
bryo cudture duration

Saito et ol 2019; Hakhjani et o, 2020

HMakhjani et o, 2020
Saiter et &b, 2019

Makhijari et al, 2620
Saito et ol 2019

Fixed effects model, OR 6.29; 95% CI
2.75-14.40; P < 0.0001; P = 0%
OR 2.98,95% C1 0.25-35.52
OR 691,95% Cl 2.87-16.64

OR 2.98, 95% €1 0.25-35.52
OR 6.91,95% Cl 2.87-16.64

{contnued)
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Table 11 Continued

Outcome {ncluded studies
Guan eral, 2816; Saito et ol,,
2017, Saito et ol., 2019; Ginswrém
i H ]
PestT Ernstad et ol., 2019; Asserha]

et ah, 202} Pan et al, 2020;
Wang et o, 2020a; Hu et of,,
2021

Odds ratio (25% CI)

Possible conlounding variable

Random effects madsl, OR 1.90;
93% Cl 1.25-2.90; P==0.003;
= 73%

Maternal age

aterral BMI

Fertiization method (classical IVF
s 1CSI

Embrya stage at vansfer or
embryo culture duraton

Embryo blopsy {PGT)

Indication to IVFAICSI

Studies reporting odds ratio adjusted
for the confounding variable

Paoaling of adjusted edds ratio
results

S1ito et ol., 2017; Ginstrém Emnstad et ol ,

2019; Saite et alk, 2019; Asserhic] etal,
202); Huerol, 2028
Ginswgm Ernstad et ol 2019 Hu et ol.,
021
Girstrdm Ernstad et of,, 2019; Asserhej
etaf, 202§

Girstrom Emnstad et ol,, 2015

Asserhcjet ol 2021; Pan et of,, 2020; Hu
etol. 2021
Saito et g, 2017; Ghstedm Ernstad etal.,
2019; Saico et al., 2001%; Hu et al, 2071

Random effacis model, OR2.13; 95% CI
1.18-3.84 P=001 ' = 84%
Fixed effects model, OR 1.55;95% Ci
1.26-1.85; P < 0.0001; * = 6%
Fixed effects model, OR 1.56; 95% Cl
1.28-1.91; P< 0.0001; 1=0%

OR | 59:95% Ci 1.19-1.96

Fixed effects model, OR 1.32; 95% €I
0.84-20% P=023;=0%
Random effacts modal, GR 2.38;95% €1
1.17-4.84; P=0.0% P=—87%

Guan etal, 2016; Ssiwa et ol
2019; Asserhej et ol., 2021;
Makkijani et ¢l,, 2020; Pan et of.,
2020; Wang et dl,, 202026 Li
et ok, 20213 Hu et o, 20213 Zaat
etal, 2021t

Macrosomia

Random eflects model, OR 1.18;
95% G 1.05-1.32: P=0.007;
1* == 45%}

Matems:l 2ge

iMazemal Bl
Ferdfizadon method (dassical IVF
v ICSY)
Embryo stage at transfer or
embryo culture duratien

Embryo blopsy (PGT}

Indication to IVF/CSI

Arsorhot 2ol 2031 Lier ol 2024, b
etal. 202!
Lietol, 20715 Hu et g, 2021

Asserhej et al., 2021
Asserhej et o, 2021

Asserij et o, 2021; Makbjani e of., 2020;
Panetoh, 2020; Warg et ol., 20200, Li
etal, 2021 Huerdl, 2024
Uetol, 20211 He et at, 2071

fivad effects modal, OR .12, 95% CI
1.00-1,25; P 0.05; U= 0%
OR 1.10:95% C10.54-1.29
OR 1.20; 95% C10.83-1.64

OR 1.20;95% C10.88-1.64

Fixed effects made!, OR |,16; 95% C|
1,05-1.28; P=0.004; F = 0%

OR 1.10; 95% C10.94-1.29

Saito et al, 2017; Ginstrém
Ernstad et al,, 201%; Jing et of,,
2019; Szlto eral, 2019; Asserha)
etal, 202 t; Levi-Sewd et of., 2020;
Lin et o, 2020; Pan et of., 2020;
Wang et ol 20201, b; Zong et al,
20%0;Lietol, 2028, Hu et ol
20215 Zaacet of., 202 1b

Random effects madel, OR 1,08;
95% Cl 1.01-1. 16 P=0.0%
P =50%

Mazemal age

Maternal Bl

Fertilization method (cfassical VF
vs [CSH)
Ernbryo stage at transfer or
embryo culture duration
Embryo biopsy (PGT)

Indication to IVF/ICSE

Ginsrrdm Emstad et al., 2019; Asserhef
etal, 20215 Un et al, 2020; Zong et al,,
20; Li et af, 20211 Hu et of, 2021
GinstrOm Ernstad et al., 2019; Zong et ol
2020; U et ol 2021 Hu et ol 2021
Ginstrém Emstad et al., 2019; Asserhef
etal, 2021
Ginsrdm Ernstad et ol., 2019; Asserhci
etol, 2021
Asserhgj et o, 2021; Pan et of., 2020;
Wang et al., 20200; Zong et ¢4, 2020; Li
etoh, 2021; Hu et o, 2021
Ginswram Ernstad etol, 2019; Lietol.,
2021 Huetal, 2621

Fixed effects model, OR £.08; 95% C|
0.95-1,24; P=02% 1 =53%

Randem effects mode), OR 1.08; 95% 4
0.93-1.27, P=031 P =71%
Fixed effects model, OR L.27; 95% CI
1.04-1.56; p=0.02; = 0%

Fized effects model, QR 1.27; 95% Ci
1.04-1,56; P= 0,02 P = 0%
Random effects madel, OR 1.09; 95% CI
096124, P=03% F=TI%

Random effects made], OR .06; 95% C|
0.84-4.33; P=0.63; ' = 80%

C5, cesarean section; HOP, hypertensive disorder of pregnancyr LGA, large for gestational age (blsthwe'ght > 90° pet for gestational age); Macrosom'a {ie., birthwielght » 4000 g); mMNC, FET, medified natural oyele for frozen embrye vansfer;
N FET, natural cycle for frozen embryo trnsfer; OR, edds ravio; Pacer, placenta acerew; PC, FET, programmed cydle for frozen embrya transfer; PE, pre-ecfampsly FiH, pregnancy-induced hypertension; PostT8, post-term birth (Le. birth af-
ter 42 weaks of gestation); PP, placenta previa; PTB, preterm birth {ie, binth before 37 weeks of gestavon): NG, FET, total natural eycle for frozen embrya transfer; VPTR, very preterm birth (Le. birth before 34weebs of gestzton).
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Asserhoj et af, 2021). Three studies reperted OR adjusted for em-
bryo culture duration {fixed effects model, OR 0.93; 95% Cl 0.66~
131 P=0.68; #=0%) (Ginstrdm Emstad et al, 2019; Saito et al,,
2019; Asserhej et ai, 2021). Five studies reported OR adjusted for
embryo biopsy {PGT) (fixed effects madel, OR 1.58; 95% CI 1.21,
2.07; P=00009; P=0%) {Asserhoj et of, 2021; Makhijani et al,
2020; Zong et al, 2020; Wang et af, 20200; Hu et ol, 2021}. Four
studies reported OR adjusted for the indication to IVF/ICS (Ginstrém
Emstad et al., 2019; Saito et al., 2019; Malhijani et al,, 2020; Hu et al,
2021} (fixed effects model, OR 1.06; 95% Cl 0.78-1.46; P=0.70;
f*=12%) (Table ).

Placenta accreta

Resuits from two studies were meta-analyzed. A higher risk of pla-
centa accreta was ohserved in PC-FET pregnancies (fixed effects
model, OR 6.29; 95% Cl 2.75-1440; P < 0.0001; £ =0%) {very low
quality} {Saitc et al., 2019; Makhijani et al, 2020) (Table It),

Both studies cafculated OR adjusted for maternal age. Salto et di.
{2019) adjusted the caleulated OR also for embryo stage/culture dura-
tlon and indication te IVF/cause of infertility (OR 6.91, 95% CI 2.87-
16.64). Makhijani et ol (2020) adjusted the calculated OR also for ma-
temal BMI and embryo biopsy {PGT) {OR 2.98, 95% Cl 0.25-35.52)
(Table 1),

Cesarean section

Results from 12 studies were metz-analyzed. We observed a signifi-
cantly higher CS rate in PC-FET {random effects model, OR 1.62; 95%
Cl 1.53—1.71; P<0.0000%; P =48%) (very low quality) (Saito et o,
2017: Ginstrdm Ernstad et dl., 2019; ling et af., 201%; Saito et al,, 2019;
Asserhaj et al., 2021; Makhijani et ol 2020; Pan et al, 2020; Zong
et al., 2020; Wang et al, 2020a; Hu et ol, 2021; 4 et al, 2021; Zaat
et al,, 2021b) (Supplernentary Fig, S1D).

Seven studies reported OR adjusted for maternal age (fixed effects
model, OR 1.54; 95% Cl 144-1.66; P<0.,0000%; " =44%) (Saito
et al., 2017; Ginstrém Ernstad et al, 2019; Saito et al, 2019; Asserhoj
et al., 2021; Makhijani et ol, 2020; Hu et of, 2021; Ui et of, 2021). Five
studies reported OR adjusted for maternat BMI (fixed effects model,
OR | 47; 95% C) 1.36-1.58; P< 0.0000L; P =4%) (Ginstrém Ernstad
et al., 2019; Jing et al,, 2019; Makhijani et al, 2020; Hu et of, 2021; Li
et al, 2021}, Two studies reported OR adjusted for fertilization
method {fixed effects model, OR 141y 95% Ci 1.25-1.60;
P < 0.0000%; 2=0%) (Ginstrdm Ernstad et al, 2019; Asserhej et dl,
2021). Three studies reported OR adjusted for embryo cuclture dura-
tion or erbryo stage at transfer (random effects model, OR 1.54;
959% Cl 1.34-1.78; P<0.00001; = 64%) (Ginstrém Emnstad et al.,
2019; Saito et al, 2019; Asserhsj et al, 2021). Six studies reported

OR adjusted for embryo biopsy (P'GT) {random effects model, OR

1.55: 95% Ct | 41, 1.71: P< 0.00001; *=33%) (Asserhej et of,, 2021;
Makhijani et of., 2020; Pan et of, 2020; Zong et al, 2020; Hu et al,
2021; Li et al, 2021), Six studies reported OR adjusted for the indica-
tion to IVF/ICS| (Saite et al, 2017; Ginstrém Ernstad et ol, 2019;
Saito et al., 2019; Makhjani et o, 2020; Hu et of, 2021; Li et of,
2021y (random effects model, OR [.54: 95% Ci |.A43-1.67,
P<(.0001; *=43%) {Table 11),

Post-partum hemorrhage

Six studies were meta-analyzed. A significandy higher risk of PPH was
cbserved In PC-FET pregnancies {fixed effects model, OR 2.53; 95%
Cl 2.19-2.93; P< 0.00001; P=0%) Qow quality) (Ginstrdm Emstad
et o, 2019; Asserhej et al, 2021; Lin et af, 2020; Makhijani et af.,
2020; Wang et al,, 2020a; Zaat et of,, 2021b}. All ORs incfuded in the
present meta-analysis were adjusted for maternal age (Supplementary
Fig. SIC).

Three studies reported OR adjusted for maternal BM! (fixed effects
model, OR 2.64; 95% €3 2.22-3.13; P<0.00001; P =0%) (Ginstrém
Emstad et al,, 2019; Makhijani et al., 2020; Wang et al., 2020a). Three
studies reported OR adjusted for the fertilization method (fixed effects
model, OR 2.53; 95% Cl 2.18-2.94; P <0.00001; i*= 0%} (Ginstrém
Ernstad et ai, 2019; Asserhej et al., 2021; Wang et al,, 2020a). Two
studies reported OR adjusted for embryo culture duration (fixed
effects model, OR 2.5%; 95% €1 2,16-2.93; P<0.00001; *=0%)
{Ginstrém Emstad et ol., 2019; Asserhej et of, 2021). Three studies
reported OR adjusted for embryo biopsy (PGT) (fixed effects model,
OR 2.27; 95% Cl |.72, 3.00; P< 0.00001; #=0%) (Lin et ol 2020;
Makhijani et ol., 2020; Asserhgj et al, 2021). Three studies reported
OR adjusted for the indication to IVF/ICS {Ginstrdm Ernstad et dl.,
2019; Makhijani et af., 2020; Wang et af., 2020a) {fixed effects model,
OR 2.64; 95% C1 2.22-3.13; P< 0.00001; = 0%) (Vable 1I).

Preterm birth

Fifteen studies were meta-analyzed. A higher risk of PTB was observed
in PC-FET pregnancies {random effects model, OR [.19; 95% Cl
1.09-1.29; P < 0.0001; /* = 473%) (very low quality) {Guan et ol 2016;
Saito et al,, 2017; Ginstrém Emstad et of., 2019; Jing et ol,, 2019; Saito
et al, 2019; Asserng} et al, 2021; Ln et al, 2020; Makhijani et ol
2020; Pan et af, 2020; Zong et ol., 2020; Wang et al,, 2020ab; Hu
et al., 2021; Li et al,, 2021; Zaat et al.. 2021b) (Table Il}.

Seven studies reported OR adjusted for maternal age {random
effects model, OR 1.19; 95% CI 1.05-136; P==0.007; I"=46%)
(Ginstrdm Emstad et al,, 2019; Saito et ol 2019; Asserhgj et al., 2021;
Lin et al.,, 2020; Hu et af., 2021; Li et al,, 2021), Three studies reported
OR adjusted for maternal BMI {fixed effects model, OR 1.11; 95% Cl
1 00-§.24; P=0.05; [ =0%) (Ginstrdm Emstad et al, 2019; Jing et al,
2019; Ui et al., 2021}, Two studies reported OR adjusted for fertiliza-
tion method and for embryo cuiture duration (fixed effects model, OR
[.10; 95% Ci 0.89-1.35; P=0.3% Il=0%) {Ginstrdim Ernstad et af,,
2019; Asserhgj et ok, 2021). Seven studies reported OR adjusted for
embryo biopsy (PGT) (random effects model, OR 1.29; 95% CI 1,19,
[.53; P==0,002; P=50%) {Asserhej et al, 202|; Makhijani et ol,
2020; Pan et al, 2020; Zong et al., 2020; Wang et al,, 2020b; Hu
et o, 2021; Ui et al, 2021}, Three studies reported OR adjusted for
the indication to IVF/ICS! (Ginstrém Erstad et al, 2019; Saito et .,
2019; Hu et ol, 2021; Li et al, 2021} {random effects model, OR
1.22; 95% C1 1.06-1.41; P=0.006; = 67%) (Table ).

Very preterm birth

Results from seven studies were pooled. A higher risk of VPTB was
observed in PC-FET pregnancies (fixed effects model, OR 1.63; 95%
Cl 1.23-2.15; P=00006; £=21%) (very fow quality) (Ginstrém
Ernstad et al., 2019; Jing et o, 2019; Asserhej et al, 2021; Malhijani
et al., 2020; Wang et al.,, 2020b; Hu et al, 2021; Zaat et of, 2021b)
(Table 1),
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Busnelli et al.

Three studies reported OR adjusted for maternal age (random
effects model, QR 1.71; 95% CI 0.92-3.19; P=0.09; £=68%)
(Ginstrom Emstad et al,, 2019; Asserhej et al,, 2021; Hu et al, 2021).
Two studies reported OR adjusted for maternal BM! {random effects
medel, OR 1,64 95% Cl 0.66-4.05 P=029 P=84%) (Ginstrém
Ernstad et of, 2019 Hu et ai, 2021). Two studies reported OR ad-
justed for fertilization method and for embryo culture duration {ran-
dom effeces model, OR 1.29; 95% Cl §,71-2.33; P=04}; !2=34%)
(Ginstrém Ernstad et of, 2019; Asserhej et al, 2021}, Four studies
reported OR adjusted for embryo biopsy {PGT) (fixed effects model,
OR 200; 95% Cl 1.40, .85; P—0.000!; *=0%) (Asserhai et al.,
2021; Maknijani et al,, 2020; Wang et al., 2020b; Hu et al, 2021). Two
studies reported OR adjusted for the Indication to IVF/ICSI (Ginstrém
Ernstad et ol,, 2G19; Hu et af,, 2021) (random effects model, OR |.64;
95% C1 0.66-4.05; P==0.29; I* = 84%) (Table 1),

Post-term birth

Results from eight studies were meta-analyzed, A higher risk of post-
term birth was observed in PC-FET pregnancies {random effects
model, OR 1.90; 95% Cl £.25-2.90; P=0.003; #=73%) {(very low
quality) {Guan et al,, 2016; Saito et al, 2017; Ginstrdm Ernstad et of,
2019; Saito et ol, 2019; Asserhej et o, 2021; Pan et of, 2020; Wang
et al, 2020a3; Hu et al,, 2021) {Supplementary Fig. SIE).

Five studies reported OR adjusted for maternal age {random effects
model, OR 2.13; 95% Cl 1.18-3.84; P=00I; 1'1384%) (Saizo et al,
2017; Ginstrom Emstad et al, 2019; Saito et af, 2019; Asserhei et ol,,
2021 Hu et al, 2021}, Two studies reported OR adjusted for mater-
nal BMI {fixed effects model, OR 1,55; 95% CI 1.26-1.89; P< 0.0001;
f1=6%) (Ginstrém Ernstad et of,, 2019; Hu et af., 2021}, Two studies
reported OR adjusted for fertilization method (fixed effects moded,
OR 1.56; 95% Ci 1.28-1.91; P<0.0001; *+0%) (Ginstrdm Ernstad
et al, 2019; Asserhej et al, 2021). Ginstrdm Emnstad et ol (2019)
reported OR adjusted for embryo culture duration and confirmed the
association {OR 1.5%; 95% Cl 1.29-1.96). Three studies reported OR
adjusted for embryo biopsy (PGT) (fixed effects model, OR 1.3%; 95%
Cl 0.84, 2.09; P=0.23; szO%) (Asserhoj et ol, 2021; Pan et df,
2020; Hu et al.,, 2021). Four studies reported OR adjusted for the indi-
cation to IVF/ICS (Saito et el, 2017; Ginstrdm Emstad et of, 2019;
Saito et al, 20895 Hu et of, 2021} {random efiects medel, OR 2.38;
95% CI 1.17-4.84; P==0.02; = 87%) (Table 1)),

Macrosomia

Results from 10 studies were meta-analyzed, A higher risk of macroso-
mia was observed in PC-FET pregnancies {random effects model, OR
1.48; 95% C1 £,05-1.32; P=0.007; *=45%) (very low quality) {Guan
et al,, 2016; Saito et al., 2019; Asserhgj et al, 2021; Makhijani et dl,,
2020; Pan et ol., 2020; Wang et af,, 2020a; Hu et al, 2021; Li et ol,,
2021y Zaat et of,, 2021b) (Table i),

Three studies reported OR adjusted for matermnal age {fixed effects
model, OR 1.12; 95% Cl 1.00-1.25; P=0.5; IZ:O%) {Asserhaj
et al, 2021; Hu et al., 2021; Li et o, 2021) and two for maternal BMI
and indication to IVF/ICSE {randem effects model, OR 1.10; 95% Cl
0.94-129; P=0.23; P=41%) {Hu et af, 2021; Li et al, 2021). Six
studies reported OR adjusted for embryo biopsy (PGT) (fixed effects
model, OR 1.16; 95% Ct 1.05, 1.28;, P=0,004; I?':{)%) (Asserhaj
et af, 2021; Makhijani et al, 2020; Pan et al., 2020; Wang et al,
2020b; Hu et al, 202F; Li et af, 2021), Asserhoj et al. (2021) reported

OR adjusted for fertilization method and embryo culture duration (OR
1.20; 95% Cl 0.88—I.64).

Large for gestational age (LGA)

Fourteen studies were meta-analyzed. A higher risk of LGA was ob-
served in PC-FET pregnandes {random effects model, OR 1.08; 95%
Cl1LOI=1. 16 P=0.02; P=50%) (very low quality) (Saito &t al, 2017;
Ginstrém Ernstad et al, 2019; jing et al, 2019; Saito et af, 2019,
Asserhaj et ol,, 2021; Levi-Sexti et ai., 2020; Lin et af, 2020; Pan et al.,
2020; Zong et ol, 2020; Wang et al, 2020a,b; Hu et dl, 202); Li
et al, 2021; Zaat et of,, 2021b} (Table II}.

Six studies reported CR adjusted for maternal age (fixed effects
model, OR 1.08; 95% Cf 0.95-1.24; P=0.23; P‘:SB%) (Ginstrém
Ernstad et al., 2019; Asserhej et o, 2021; Lin et af,, 2020; Zong et al,,
2020; Hu et al,, 2021; Li et ol, 2021). Four studies reported OR ad-
justed for maternal BMI| (random effects model, OR 1.08; 95% Cli
0.93-1.27; P=032 F=-71%) (Ginstrém Emstad et al., 2019; Zong
et al, 2020; Hu et al, 2021; Li et of,, 2021). Two studies reported OR
adjusted for fertilization method and for embryo culture duration
{fixed effects model, OR 1.27; 95% Ci 1.04-1.56; P=0.02; 1'2=0%)
{Ginstrdm Ermstad et al, 2019; Asserhej et af, 2021). Five studies
reported OR adjusted for embryo biopsy (PGT) (random effects
model, OR 1.0%; 95% CI 0.96, 1.24; P=032; F=71%) (Asserhaj
et af, 2021; Pan et af, 2020; Zong et ol, 2020; Hu et ai, 2021; U
et al, 2021). Three studies reported OR adjusted for the indication to
WVF/ICS (Ginstrdm Ernstad et af, 2019; Bu et al., 2021; i et of,, 2021)
(random eflecis model, CR 1.06; 95% Ci 084-1.33; P=063;
1 = 80%) (Table 1),

Additional material

Results about remaining outcornes obtained from the main corpari-
son PC-FET versus NC-FET (tNC-FET + mNC-FET) are available as
Supplementary data and reperted in Supplementary Table Sll. Results
of other comparisons {ie, PCFET versus tNC-FET; PC-FET versus
mNC-FET; SC-FET versus NC-FET (tNC + miNC); PC-FET versus
SC-FET pregnancies; miNC-FET versus tNC-FET pregnancies} are
reported in Supplementary Tables SHll, Sk, 5V, SVI, and SVl

Risit of bias and quality assessiment results

Results obtained from our risk of bias assessment for cbservational
studies are summarized in Table Hl. Overall, the quality assessment of
these efigible studies showed a low or moderate risk of bias. Among
the nine applicable stars assessing the three main categories of selec-
tion, comparability and outcomes, the eligible studies received be-
tween 6 and 2 stars. Funnel plots were generated (Supplementary Fig.
$2). Visual inspection of funnel plot asymmetey for the meta-analysis
comparing the risk of CS in PC-FET versus NC-FET suggest the pres-
ence of publication bias (Supplementary Fig. 520}, A summary of
results and quality of evidence according to the GRADE system s
reported in Table V. The quality of the evidence significantly suffers
from the retrospective design of the vast majority of included studies.
Evidence showing an increased risk of PE, and PPH after PC-FET when
compared with NC-FET ({NC-FET + mNC-FET) and an increased
risk of HDP and PPH after PC-FET when cornpared with tNC-FET
was deemed of low quality. All remaining evidence was judged of very
low quality.
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Discussion

Main findings

In the present study, the principal analysis showed a significantly higher
incidence of HDP, PIH, PE, PP, PPH, CS, PTB, VPTB, placenta accreta,
post-term birth, macrosomia and LGA in PC-FET pregnancies when
compared with NC-FET {{NC-FET + mNC-FET) pregnancies. After
pooling of ORs adjusted for the passible confounding variables PC-FET
maintained a significant association in all sub-analyses with +HDP, PE,
PPH and CS.

When the comparator was restricted to tNC-FET pregnancies, we
observed a significantly higher RR of HDP, PE, placental abrupton, CS§,
PT8, VPTB, post-term birth, macrosomia and LGA in PC-FET preg-
nancies. Also in this case, sub-analyses confirmed an association ordy
with HDP, PE, PPH and CS. Studies comparing SC-FET with NC-FET
(ENC-FET 4 mNC-FET) and tNC-FET with mNC-FET failed to show
an assodiation between the endometrial preparation protocol and the
obstetric and perinatzl outcomes. Five studies compared PC-FET and

SC-FET. Pooling of their results showed a significantly higher risk of

HDP, €S, PP, LGA, PTB, macrosomia and LBW and a fower risk of
SGA after PC-FET but only the association with HDP and CS was con-
firmed in all sub-analyses. Cnly one study provided enough data to
compare PC-FET pregnancies with mNC-FET pregnancies. Authars
adjusted effect estimates for maternal age, embryo stage at transfer
and {ertilization method and reported a significantly higher risk of
HDP, PE PPH, CS and YPTB in patients who underwent PC-FET
{Asserhej et al,, 2021),

The increased risk of HDP in women treated with hormone re-
placement therapy (HRT) endometrial preparation protocols indirectly
supports the pivotal etlopathogenic role of the CL {vor Versen-
Héynck et al., 2019). This theary has been also recenty strengthened
by the prospective study of two periconception cohorts demonstrating
that, during the first trimester, pregnancies conceived in the absence
of a CL are characterized by lower circulating renin and prorenin con-
centrations compared with those conceived naturally (Wiegel et al.,
2020). Interestingly, Li et of. (2021) showed that the higher risk of PIH

in pregnancies resulting from PC-FET than from NC-FET vanishes after

adjusting the effect estimate for maternal age, BMi and for the indica-
tion to IVF/ICS. This finding, although stifl need to be confirmed in
larger studies, suggests that HRT might not be responsible for 2 gener-
alized increased risk of all forms of HDP but play a role exclusively in
the pathophysiology of PE {Li et al., 2021},

Our resulis mean that women exposed to HRT have approximately
a 100% increase in the odds of developing PE during pregnancy. The
absence of modifications in the effect estimates after the adjustment
for alt the confounding variables as well as the low level of heterogene-
ity between studies and the narrow width of Cls make this association
particularly reliable. Unfortunately, the included studies do not report

information abeut the dinical phenotype of PE. However, the lack of

CL vasoactive products may aiter the early placentation process thus
probably determining a form of PE characterized by increased free
radical formation, major hemodynamic abnormalities and fetal growth
restriction (Busnelli et of, 2019). The marked association between
PC-FET and severe features of PE reported by von Versen-Héynck
et al.E {2019) reinforces this hypothesis,

Our meta-analysis provided contrasting results regarding the associa-
tion between endometrial preparation protocols and placenta acereta
and placental abruption. We observed a substantially higher risk of pla-
centa accreta in PC-FET pregnancies when compared with NC-FET
{INC-FET + mNC-FET) pregnancies. After considering the possible
confounding variables, the association was confirmed in all sub-
analyses except when adjusted for maternal BMI (Makhijani et al.
2020). On the other hand, the association between placental abrup-
tion and PC-FET is less convincing. Indeed, it was observed only in the
sub-analysis comparing PC-FET with tNC-FET pregnancies. Taken to-
gether, these findings suggest a possible effect of HRT on the placenta-
tion process. Previous studies found that the high estradiol levels
achieved during controlled ovarian hyperstimulation (COH} may de-
termine an alteration in endometrial gene expression affecting remod-
eling and angiogenesis and leading to an abnormal trephoblast invasion
(Senapati et al., 2018; Sacha et al., 2020). Nevertheless, it is unfikely
that this hypothesis could fully explain our findings. In fact, notwith-
standing the supraphysiologic serum estrogen levels to which women
undergoing HRT are exposed to, the serum concentration reached by
this horrone Is not comparable to the one reached in women under-
going COH. Yet again, the absence of the CL is more likely to play a
central role. Indeed, an unbalanced early hormonal milieu would also
impair placental angiogenesis and development {Pereira et al, 2021).
At this stage, more research is needed in order to evaluate the effect
embryo freezing and HRT on placental pathologies in programmed-
FET pregnancies (Sacha et al., 2020), The increased risk of PPH in PC-
FET pregnancies could be part of this same process being a secondary
outcome of the abnormal placenta invasion. As an alternative, it couid
be another effect of the progesterone-induced myometrial physiclog-
cal modification and result from a decreased uterine contractility in the
third stage of labor.

The significantly higher incidence of CS in PC-FET pregnancies can
be addressed by different theories. However, the rmost likely hypothe-
sis is that this association might actually be a consequence of the in-
creased octcurrence of some of the above-menticned obstetric
complications. In fact, among the Indications for CS thete are: {j} first
stage dystocia, which could be due to the hypothesized reduced uter-
ine contractifity; (i) second stage dystocia, which might be the result
of a cephalopelvic disproportion secondary to the abnormal fetal
growth; (iil) severe forms of HDP; (iv) placentation defects such as pla-
centa accreta; and (v} labor conditions requiring an urgent intervention
stch as placental abruption. The rellability of the association between
PC-FET and CS is undermined by publication bias. For this reason, al-
thaugh all effect estimates agree in suggesting an increased risk of CS
in women treated with HRT protocols, the quality of this evidence
(assessed using GRADE) was judged very low.

Lirvitations

The principal fimitation of the present systematic review and meta-
analysis concerns the heterogeneity across studies. The reasons that
might explain it are manifold. Fiest of all, due to the retrospective de-
sign of included studies, it cannot be excluded that compared popula-
tions differ In  baseline characteristics (e.g. parity, ethnicity,
socioeconomic status, pregnancy interval, adverse obstetric and peri-
natal outcomes in previous pregnancies, previous medical conditions,
etc.). A negative influence on the between-study homogeneity is also
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Table I1I Risk of bias and quality assessment.

Selection Comparability Outcome
Cobort studies Representativeness Selectionof  Ascertainment Outcome of Comparability  Assessment Was follow-up Adeguacyof Taotal
of the exposed the non-exposed  of exposure interest was of coherts an of autcome long encugh for {clfovrup of score
cohort cohert not presentat the  the basis of the cutcomes to cceur] cohorts

start of the study  design or analysis

Guan et ol, 2046 * * » * R .

6
Saito et al, 2017 + L3 * @ * + 6
Akir-Gupta et o, 2018 * * . + * + + 7
Ginswrom Ernsead et of,, 2019 b * % “ + * * 7
Jing etal. 2013 * * - * B M + * 8
Lin et ol., 2020 * * * * 2 + . M 8
Saito et ol 2019 ¥ L » * % » 4 7
von Vessen-Hdpnek et al, 2019 v = ® @ 4 + + % g
Asserhoj el ol, 2021 ® : * + + * » 7
Levi-Settt et al., 2020 » + * s + ¥ N 7
Makkijani et al,, 2020 © i * * * + ¥ 7
Pan erol, 2020 * 2 * 2 + & % 7
Wanget o, 2020 * * * + * * + & 8
Warg et of., 2020b * ' ¥ ° * * " B 8
Zang et al, 2020 = * * * * * * * 8
Liezgl, 2021 * * * * + N &
Tao et ol, 2021 * ' * * * * [y % B
Zaat et ol., 20Hib 3 4 . * * ¥ s 7
Hu etai, 2021 * ¥ ¥ + M % * 5 a

Mesweastle-Ottavra Quatity Assesimant Scale: this sca'e hat a scaring system Using astarishs based on three domalns, indluding selection of study groups, comparabling of groups and ascertaliment of expostira, A maximum of four asterisks
could be gven 10 the selection domain, twa asterisks 1o the comparabitity doma’a and three astershs ta the exposure domaln. A grester rumber of aslerishs indicates greater quaity. Sefection (I} Representativeness of the exposed ¢ohort:
{a) Truly repre {one star), (b) & ‘hat repr poe {ona stark, (c) Selected group {no star), (d) No description of the derivation of the cohore (na star; (2) Selection of the non-exposed cabort: (a) Drawn from the same commu-
rity as the exposed cohort {one star), {b) Drawn from a diferant source (no star), (¢} No deseription of the derivation of the non-exposed cokort {no stark; (3) Ascertainmant of exposure: {2) Secure record {e.g. surgical recerd) (one star),
{b) Structured intenview [one star), () Written self-report (no star), (d) No descidption (no star), (¢) Other {no star); {4) Demonstraton that cutcome of laterest was ok present 2t starg of swdy: (a) Yes (one wtr), (B} Ma {no stas);
Comparabifity {1) Comparabifiy of cohorts on the basis of the destgn or anaiyts controled for canfeunders: (a) The study contro’s for ags, sex and marial status {one star}, (b Study controls for ather factors {one star), (¢) Cohorts are not
comparable on the basls of the deslgn or analysis coniroitad for confoundars (pe star); Qutcome (1} Assessment of outcomne: (2) Independant bind assessment (one star}, (b) Record Inkaga {one star), {c) Se¥f report {ro s1ar), (d) No de:cnp
tion {no star), (e} Other (na star); {2) Was follows-up long encugh for outcomes te occur (3) Yes {one star), (b Mo (a0 star). Indicate the medan duration of follow-up and a bref rationale for the shove :

{3} Adequcy of follow-bp of cohorts: (2) Complete follows up—all subject accounted for {one star), (b) Subjects lost ta follow ug untkely 10 ltroduce blas—numberfost <I0% or deseription of those Jost sugzested no dferent from those fol-
towed {one star), {c) Follow-up rate <803 and no description of those fost (no star), (d) No statement {no star). Threshalds for converting the Newcastle—Cttawa seales ta AHRQ standards (good, fir and poor): Good quabty: Jor4 s n
se’ecdon domain AND | or 2 stars in comparabiny domain AND 2 or 3 stars In cutcome/expostre domaln; Fatr quality: 2 stars In sefecdon domain AND | or 2 stars in comparabifity domain AN 2 or 3 stars in cutcoma/exposure domaln;
Poor quatiy: Gor | star in selection doman OR 0 stars in comparabiity domaln OR 0 or | stars In ountcome/expasure doma'n.,

9E% 1
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Table IV Summary of results and quality of evidence.

PC-FET vs NC-FET PC-FET vs tNC-FET PC-FET vs mNC-FET

Outcome Nr of OR[95% Cl} Quality of Nr of OR [95% CI] Quality of Nr of OR[95% CI] Quality of
studies evidence  studies evidence  studies evidence
(GRADE) (GRADE) (GRADE)
HDP 12 1.901.64-2.20 Very low 4 1.96[1.53-2.51] Low 2 2.19{1.36-3.52} Very low
PIH 4 1.45{1.03-2.07] Very low 2 1,05 [0.75-1.46] Very tow | 4.16[0.79-22.013 Very low
PE 7 2.1 {1.87-2.39 Low 2 1.98 11.56-2.53] Very low 2 2.91 [1.67-5.08] Very iow
GDM 10 1.00 {0.82-1.21] Very low 1 1.07 [0.87—1.40% Very low 1 1.22 §0.07-21.23] Very low
PP 10 1.27 [1.05-1.54] Very fow /7 // 4 2 [12[0.46-2.76] Very low
PPH [ 2.53{2.19-2.93] Low 2 252 [2.16-2.93] Low 2 2.23{1.67-2.99) Very low
Pabr 6 1.38 [0.83-2.17] Very fow 2 1.05 [0.54-2.04] Very low 2 1.26 [0.41-3.86] Very low
cs 12 1.62{1.53-1.71] Very low 4 144 [1.33-1.56} Very low 2 1.56 [1.18-2.07] Yery low
PR 15 L9 [1.09-1.29] Very iow 4 1,28 [1.06-1.55] Very low 2 093 [0.57-1.52] Very low
VPTB 7 63 11.23-2.15] Very low 3 1.8% [1.04-3.41] Very low 2 2,36 {0.94-591] Very low
Pacer 2 629 [2.75-14.40] Very low /H /" /H / I /"
PPROM 3 1.84 [0.82-4.11] Very low | 1,19 [0.81-1.75] Very low | 1.27 [0.84-1.92] Very low
PostTB 8 1.90 [1.25-2.90] Very low 3 1.52 [1.23-1.87} Very low 1 2.34[0.98-5.59] Very low
Macros. Hy §.18{1.05-1.32] Very low 4 1.19 10.99-1 44] Very low 2 113 [0.85-[.513 Very low
LBW il 0.94 [0.60-1.47} Very low 3 [.45 [0.92-2.28] Very low 1 0.23 [0.01-4.99] Very low
VLBWY 5 1.19 [0.81-1.75] Very low | 1.01 10.46-2.22) Very low // 7 /7
LGA 14 .08 [1.05--1.16} Very low 4 1.06 [0.87-1.30] Very low 2 I.11 [0.68-1.80] Very low
SGA 3 1.04 §0.98-1.10] Very low 4 11 [0.91-1.35) Very iow Z [.37[0.65-2.87} Very low
Stillbirth 5 1.50 [0.47-4.75) Yery low 1 1.55 [0.43-5.59) Very low ' /7 //
Cong m. 0.98 [0.76-1.28] Very low 2 1.03 £0.78-1.37] Very low 1 071 [0.16-3.17] Very fow
SC-FET vs NC-FET PC-FET vs SC-FET mNC-FET vs tNC-FET
Outcome Nr of OR [95% Ci] Quality of Nrof OR [95% Ci] Quality of Nr of OR[95% CI} Quality of
studies evidence  studies evidence  studies evidence
{(GRADE) (GRADE) (GRADE)
HDP 4 131 [1.00-1.71] Very low 5 1.60{1.43-1.78) Very low | 0.73[0.37-1.44] Very low
FIH 2 1.32{0.99-1.77] Very iow 2 1.05 [0.75-1.46] Very low 174 /7 7/
PE | 2.24 [1.48-3.33] Very low i 1.34[0.60-2.96] Very low | 0.50[0.23-1.09] Very low
GDM | 144 10.97-2.16) Very low 4 0.91 [0.84-1.00] Very low f /i /"
PP 3 0.90 [0.59-1.35] Very low 4 i.80§1.38-2.35] Very low | 0.55{0.19-1.59] Very low
PPH /" /H / H /f /7 | 1.42 [0.92-2.19] Very low
Pabr /i /H /H 2 0.70[0.38-1.28] Very low 1 .65 {0.20-13.613 Very low
cs 3 1.07 [0.93-1.23] Very low 3 133 [1.03-1.74] Very low | 0.92 [0.64-1.32] Very low
PTB 4 0.98 [0.71-1.36} Very low 4 1.30 [0.97-1.73] Very low i 0.65[0.17-2.49] Very low
VPTB s I 1/ /7 /" /f | 0.27 [0.10-0.73] Very low
Paccr /H /H /7 s /f // 1/ / /
PPROM i/ 7/ /o /" i/ 4 | 0.73 [0.45-1.18] Very low
PostT8 2 1.4210.47-4.29] Very low i/ 4 I | 0.22 [0.09-90.54] Very low
Macros, 3 1.15{0.97-1.3€] Very low 3 1.29 [1.06-1.58} Very low 1 0.68 [0.48-0.96] Very low
LBW 4 115 [0.93-1.42] Very low 5 £.1810.88--1.58] Yery low / // 74
VLBW /H /H // /7 / // /7 i i

{continued)
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Table IV Continued

SC-FET vs NC-FET

PC.FET vs SC-FET

mNC-FET vs tNC-FET

OQutcome Nr of OR [95% CI} Quality of Nr of
studies evidence  studies
{GRADE)
LGA 4 0.99 [0.86-1.14} Very low 4
SGA 4 1.21 [0.99--1.48] Very low 5
Stiilbirth // 17 // i
Cong. m. 2 1.02 [0.79-].32] Very low /7

OR [95% CI] Quality of Nr of OR[95% Ci] Quality of
evidence  studies evidence
(GRADE) (GRADE)
1.18 [£.09-1.27} Very low | 0.82 [0.40—).68] Very low
0.82 [0.75-0.90] Very fow ! 0.64 [0.24-1.71] Very low
/ /7 /! 4 /e
/ 74 /7 14 /e

Cong. m., congenital malformations; CS, cesarean section; GOM, gestational diabetes mellitus; HDP, hypertansive disorder of pregnancy; LBW, low birth weight (i.e. birthweight
< 2500 g} LGA, large for gestational age (birthwelght > 907 pet for gestational age); Macros,, macrosomia; Macrosomi {i.e. birthwelght > 4000 g); mNC-FET, modified natural cycle
for frozen embryo transfer; NC-FET, nawral cycle for frozen embrye transfer (tNC-FET -+ mNC-FET cycles); OR, odds ratio; PAbr, placental abruption; PC-FET, programmed cycle
for frozen embryo transfer; PE, pre-eclampsia; PIH, pregnancy-induced hypartension; PostT8, Post term birth {i.e. birth afer 42 weeks of gestation); PP, placenta previa; PPROM, pre-
term premature rupture of membranes; PTB, preterm birth {j.e. birth before 37 weeks of gestation); SC-FET, stimufated cycle for frozen embryo transfer; SGA, small for gestational
age (birthweight > 10° pet for gestational age); tNC-FET, total natural cycle for frozen embryo transfer; YLBW, very lovy birth weight {L.e. birthwelght < 1500 g); VPTB, very preter

Dirth (i.e. birth before 34 weeks of gestation),

determined by the differences in the HRT protocols. Thirteen studies
accurately reported giming and doses of administered drugs. Although
the routes of administration differ, the prescribed doses of estrogen
and progesterone are simifar. On the contrary, the pretreatment strat-
egy varies from one study to another: in some studies, an oral contra-
ceptive pil {OCP) was administered, whereas in others a suppression
with a GnRH agonist or antagonist was performed, In the remaining
six studies, the exact HRT protocol is not spedified since, in the major-
ity of cases, it differs between participating clinics, Other methodologi-
cal aspeets may have contributed negatively. For example, some
studies included only patients who underwent blastocyst stage ET,
while others did not adopt Emitations and included IVF cycles in which
cleavage stage embryos were also transferred. Similarly, in some stud-
ies, authors did not specify whether or not they included FET cydles
that involved transfer of blastocyst(s) that had undergone trophecto-
derm biopsy which recently was demonstrated to be associated with
an increased risk of HDP {Feldman et al., 2020; Makhijani et al.,, 2021},
In order to control the heterogeneity across studies, we undertook
subgroup analyses by pooling only ORs adjusted for a specific possible
confounding factor, However, many of this effect estimates have also
been adjusted for other covariates and this may create interpretational
issues. On the other hand, to date, this seems to be the only possible
appreach. In fact, the low incidence of the analyzed outcomes makes
it very difficult to conduct RCTs with an adequate sample size.

Wider implications

Endomnetrial preparation protocols with HRY are associated with
worse obstetric and perinatal outcomes, The absence of a CL almost
certainly plays a role. However, the pathophysiology underlying some
of the observed associations could also be more complex. In particu-
lar, a HRT directly mediated effect at uterine level cannot be excluded
{von Versen-Hoynck et af., 2021).

Given the effect estimates and the described limitations, we are not
able to make inferences regarding a causal relationship between endo-
metrial preparation with HRT and obstetric and perinatal complica-
tions. Therefore, our results should not prompt clinicians to change
their treatment attitudes.

Noteworthy, they open to a new and fruitful avenue for future re-
search. Overall, we suggest focusing on three main areas. First, we en-
courage efforts toward testing the association between the different
endometrial preparation protocols and the most dangerous cbstetric
and perinatal complications, Particutarly, attention should be paid to
the selection of an adequate populaton and to the homogeneity of
both the adopted HRT protocol and the diagnostic criteria for the
considered outcomes. Second, we encourage prospective studies
aimed at determining a proper therapeutic strategy in women present-
ing with an ‘a priori’ high-risk profile, Indeed, it is well established that
a number of preconception maternal risk factors are associated with
the development of adverse obstetric outcomes, particularly PE (eg.
history of PE, chronic hypertension, nulliparity, maternal age
>35years, chronic kidney disease, pre-pregnancy BMI and pre-GDM)
{Chaemsaithong et al.,, 2020). Likewise, some quite frequent patholo-
gles of infertile women have been shown to be associated with an un-
favorable obsteyric profie. For instance, endometriosis seems to be
responsible for an increased risk of a variety of complications, including
PTB, PP, PE, PPH and 5GA (Kobayashi et of., 2020}. Pregnant women
with polycystic ovary syndromes have increased risks for adverse preg-
nancy outcomes (i.e. GDM, HDP, PE, PTB, CS, SGA and LGA) inde-
pendently of subfertility and use of ART (Valent and Barbour, 2021},
Based on the available data, one cannot state with certainty that the
risk associated with the administration of HRT is additive to the base-
fine one, However, until proven otherwise in future prospective stud-
ies, a conservative attitude should be adopted. In the IVF context,
therapeutic personalization has always been investigated in order to in-
crease the chances of success. Our results shift the focus and suggest
implementing personalization protocols in order to protect mother
and fetus safety. In light of this, the assessment of the preconception
risk profile of infertile women is of fundamental importance and should
be routinely performed in all IVF clinics,

Third, robust evidence suggests that the administration of low-dose
aspirin initiated before |6 weeks' gestation significantly reduces the
rate of preterm preecampsia, (Chaemsaithong et of., 2020}, In future
contributtons, authors should thus differentiate the PE phenotypes. In
fact, if the association with preventable forms of PE was confirmed,
HRT endometrial preparation protocols for FET could be introduced
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as a new maternal factor in the screening algorithms for the early de-
tection of pregnant women at high risk for PE (Chaemsaithong et ol
2020).

Conclusion

Consistently with the recent literature, our study demonstrates an in-
creased risk of adverse obstetric and perinatal outcomes in women
conceiving via PC-FET. Our results indirectly suppart the pivotat role
of CL in the processes of vascular remodefing and placentation.
However, because of the above-mentioned methodological weak-
nesses, recommendations for clinical practice cannet be made. Well
conducted prospective studies are thus warranted to establish a safe
endometrial preparation strategy for FET cycles aimed at limiting

superimposed risks particularly in women with an ‘a prior’ high-risk

profile for obstetric and perinatal complications.
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