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Resumo 

Introdução: A inferrlidade afeta cerca de um em cada seis casais a nível mundial, pelo que o recurso 
às técnicas de procriação medicamente assisrda (PMA) tem vindo a aumentar substancialmente. 
Embora os ciclos convencionais envolvam transferência de embriões a fresco, a estratégia de freeze-
all e a transferência de embriões criopreservados (TEC) têm vindo a ser amplamente adotadas, 
suscitando debate sobre o seu impacto nos outcomes obstétricos e perinatais. A evidência 
disponível associa a TEC a um risco reduzido de síndrome de hiperesrmulação ovárica (SHO), maior 
peso à nascença, maior proporção de recém-nascidos grandes para a idade gestacional e menor 
incidência de baixo peso ao nascimento. Ademais, tem sido reportado um maior risco de distúrbios 
hipertensivos, parrcularmente pré-eclâmpsia. Os achados relarvos a outros outcomes 
permanecem heterogéneos. 

Objetivo: Comparar os outcomes obstétricos e perinatais de gravidezes concebidas por PMA após 
transferência de embriões a fresco versus transferência de embriões criopreservados. 

Métodos: Realizou-se um estudo de coorte retrospervo no Centro de PMA do Centro 
Materno-Infanrl do Norte (CMIN), incluindo 491 gravidezes concebidas por ferrlização in vitro (IVF) 
ou injeção intracitoplasmárca de espermatozoides (ICSI) entre janeiro de 2019 e dezembro de 2024. 
Os outcomes obstétricos e perinatais foram comparados entre TEC (n = 246) e transferências de 
embriões a fresco (n = 245). Os principais outcomes analisados incluíram o diagnósrco de distúrbios 
hipertensivos da gravidez, anomalias placentares, diabetes gestacional, colestase intra-hepárca da 
gravidez, restrição de crescimento fetal, malformações congénitas, avaliação da idade gestacional 
ao nascimento, parto pré-termo, peso à nascença, incluindo a sua classificação em baixo e elevado 
peso, índices de Apgar e morte neonatal. Atendendo à diferença significarva na distribuição de 
gravidezes únicas e gemelares entre grupos, os desfechos perinatais foram analisados 
separadamente. Foram realizadas análises de regressão mulrvariável para ajustar potenciais 
confundidores. 

Resultados: Os outcomes obstétricos foram comparáveis entre os dois grupos. Na análise 
mulrvariável, a TEC não foi um preditor independente de morbilidade obstétrica. O índice de massa 
corporal e a idade materna foram os principais determinantes das complicações hipertensivas e 
metabólicas, enquanto a transferência de dois embriões se associou a uma maior ocorrência de 
distúrbios hipertensivos (aOR = 2.377, IC 95% 1.104-5.114, p = 0.027). Nas gravidezes únicas, a TEC 
foi independentemente associada a maior peso ao nascer (3241 ± 542 g versus 3024 ± 541 g, B = 
+266.86 g, IC 95% 177.12-356.61, p < 0.001) e maior taxa de parto distócico (80.0% versus 68.1%, 
aOR = 1.65, IC 95% 1.029-2.653, p = 0.037). Contudo, o efeito protetor relarvo ao baixo peso ao 
nascer foi atenuado após ajuste para o estadio embrionário, sugerindo que a maior prevalência de 
blastocistos nos ciclos de TEC contribui para este efeito. A idade gestacional foi significarvamente 
inferior no grupo TEC (37.72 ± 1.85 versus 38.02 ± 1.73 semanas, p = 0.026), embora de magnitude 
clínica limitada, visto que os restantes outcomes perinatais, incluindo a proporção de parto pré-
termo, índices de Apgar, restrição de crescimento fetal, malformações congénitas e morte neonatal, 
são comparáveis entre grupos. Nas gravidezes gemelares, a TEC foi associada a menor idade 
gestacional (34.00 ± 2.47 versus 34.55 ± 3.63 semanas, p = 0,024), sem diferenças significarvas nos 
restantes outcomes. 

Conclusões: A TEC não confere um aumento do risco obstétrico e está associada, de forma 
independente, a maior peso ao nascer e parto distócico nas gravidezes únicas. Estes resultados 
destacam a importância de individualizar a estratégia de transferência embrionária com base nas 
caracterísrcas do casal e contexto clínico, para ormização dos outcomes maternos e neonatais. 

Palavras-chave: Procriação medicamente assisrda; FIV; ICSI; Transferência de embriões frescos; 
Transferência de embriões criopreservados; Outcomes obstétricos; Outcomes perinatais; Peso ao 
nascer; Parto distócico; Gravidez gemelar. 
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Abstract 

Background: Infertility affects around one in six couples worldwide, and the use of assisted 
reproductive technology (ART) continues to expand accordingly. While conventional ART cycles 
involve fresh embryo transfer (Fresh ET), the freeze-all strategy and frozen-thawed embryo transfer 
(FET) have gained widespread adoption, prompting debate regarding their comparative impact on 
obstetric and perinatal outcomes. Evidence consistently links FET with a decreased risk of ovarian 
hyperstimulation syndrome (OHSS), higher birth weight, increased rates of large for gestational age 
(LGA), and reduced low birth weight (LBW), while a higher risk of hypertensive disorders, 
particularly preeclampsia, has also been reported. Findings regarding other outcomes remain 
heterogeneous. 

ObjecQve: This study aims to compare obstetric and perinatal outcomes in pregnancies conceived 
through ART following fresh versus frozen-thawed embryo transfer. 

Methods: A retrospecrve cohort study was performed at the Center of Assisted Medical 
Procrearon of Centro Materno-Infanrl do Norte (CMIN), including 491 pregnancies conceived 
through in vitro ferrlizaron (IVF) or intracytoplasmic sperm injecron (ICSI) between January 2019 
and December 2024. Obstetric and perinatal outcomes were compared between FET (n = 246) and 
Fresh ET (n = 245). Main outcome measures included hypertensive disorders of pregnancy, 
placenta-related complicarons, gestaronal diabetes mellitus, intraheparc cholestasis of pregnancy, 
fetal growth restricron, congenital anomalies, gestaronal age, preterm birth, birth weight including 
low and high birth weight, Apgar scores and neonatal death. Given the significant difference in the 
distriburon of singleton and twin pregnancies between groups, perinatal outcomes were analyzed 
separately. Mulrvariable regression analyses were performed for selected outcomes to adjust for 
potenral confounders. 

Results: Obstetric outcomes were comparable between groups. In mulrvariable analysis, FET was 
not an independent predictor of obstetric morbidity. Body mass index and maternal age were the 
main determinants of hypertensive and metabolic complicarons, while double embryo transfer was 
independently associated with an increased risk of hypertensive disorders of pregnancy (aOR = 
2.377, 95% CI 1.104-5.114, p = 0.027). In singleton pregnancies, FET was independently associated 
with higher birth weight (3241 ± 542 g versus 3024 ± 541 g, B = +266.86 g, 95% CI 177.12-356.61, p 
< 0.001) and a higher rate of dystocic delivery (80.0% versus 68.1%, aOR = 1.65, 95% CI 1.029-2.653, 
p = 0.037). The protecrve effect against low birth weight was weakened a}er adjustment for 
embryo stage, suggesrng mediaron by the higher prevalence of blastocyst-stage transfers in FET 
cycles. Gestaronal age was significantly lower in the FET group (37.72 ± 1.85 versus 38.02 ± 1.73 
weeks, p = 0.026) but of limited clinical magnitude, with preterm birth, Apgar scores, fetal growth 
restricron, congenital anomalies, and neonatal death comparable between groups. In twin 
pregnancies, FET was associated with a shorter gestaronal age (34.00 ± 2.47 versus 34.55 ± 3.63 
weeks, p = 0.024), although preterm birth rates and all other perinatal outcomes were similar. 

Conclusions: FET does not confer a meaningful increase in obstetric risk compared with Fresh ET 
and is independently associated with higher birth weight and dystocic delivery in singleton 
pregnancies. These findings highlight the importance of individualizing embryo transfer strategy 
based on patient characteristics and clinical context to optimize both maternal and neonatal 
outcomes. 

Keywords: Assisted reproductive technology; IVF; ICSI; Fresh embryo transfer; Frozen embryo 
transfer; Obstetric outcomes; Perinatal outcomes; Birth weight; Dystocic delivery; Twin pregnancy. 
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INTRODUCTION 

Infertility and Assisted Reproductive Technology 

Infertility is defined as a disease characterized by the failure to establish a clinical pregnancy 
after 12 months of regular, unprotected sexual intercourse or due to an impairment of a person's 
capacity to reproduce. (1)  Primary infertility is the inability to have any pregnancy, while secondary 
infertility is the inability to have a pregnancy after previously successful conception. (2) 

Nowadays, one in six couples experience fertility issues at least once during their reproductive 
lifetime and nearly 10% of couples worldwide are subfertile. (2, 3) Infertility may occur due to female, 
male, both or unexplained causes. However, lifestyle factors such as smoking, excessive alcohol 
intake and obesity, along with environmental contaminants including endocrine-disrupting 
chemicals and air pollution, have also been linked to reduced fertility and negative impacts in 
pregnancy and fetal development. (2, 4)   

In the female reproductive system, infertility may be caused by a range of abnormalities 
affecting the ovaries, uterus, fallopian tubes or the endocrine system. In the male reproductive 
system, infertility is most commonly linked to impairments in semen ejaculation or production, 
which may result in poor semen quality, manifesting as low sperm concentration, a complete 
absence of sperm (azoospermia), poor motility or abnormal morphology. (2, 5) Recently, the number 
of couples with unexplained infertility has increased, partly attributed to the growing trend of 
postponing motherhood, with maternal age playing an increasingly relevant role in assisted 
reproductive technology (ART) outcomes.(5) 

Beyond its medical implications, this condition often acts as a disruptive factor in couple and 
family dynamics and is recognized as a significant source of psychological stress, frequently 
associated with emotional distress, anxiety, depression, social stigmatization, reduced self-esteem, 
marital conflict, and an increased risk of divorce. (2) 

ART comprises all interventions or procedures that include the in vitro handling of human 
gametes or embryos for the purpose of reproduction. This encompasses, but is not limited to, in 
vitro fertilization (IVF) and embryo transfer, intracytoplasmic sperm injection (ICSI), embryo biopsy, 
preimplantation genetic testing, assisted hatching, gamete intrafallopian transfer, zygote 
intrafallopian transfer, gamete and embryo cryopreservation, and oocyte, sperm and embryo 
donation, as well as gestational carrier cycles. Thus, assisted insemination using either partner or 
donor sperm is explicitly excluded. (1) 

Over the past decades, ART has become an increasingly well-established therapeutic approach 
for infertility, with steadily improving success rates and more than 3 million cycles performed 
annually worldwide. (6) The continuous growth in its prevalence has raised concerns regarding the 
obstetrical and perinatal safety of pregnancies achieved through these techniques, particularly 
given the still limited and sometimes inconsistent scientific evidence available on this topic. (7) 

Fresh versus Frozen-Thawed Embryo Transfer 

Conventional IVF and ICSI cycles consist of controlled ovarian stimulation (COS), oocyte retrieval, 
in vitro fertilization, and embryo culture, followed by embryo transfer, while surplus viable embryos 
may be cryopreserved for transfer in subsequent cycles. Fresh and frozen-thawed embryo transfer 
represent two key strategies with distinct physiological and clinical implications. In fresh embryo 
transfer (Fresh ET), embryos are transferred within the same COS cycle, occurring in a supra-
physiological hormonal environment induced by stimulation, which may have an impact on 
endometrial receptivity and early placentation. In contrast, frozen-thawed embryo transfer (FET) 
involves transfer in a subsequent cycle after cryopreservation, typically performed in a more 
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physiologic hormonal setting, potentially mitigating these effects and contributing to differences in 
pregnancy outcomes. (1, 5) 

Since the first live birth after FET in 1983, major advances in cryopreservation techniques, 
particularly vitrification, have markedly enhanced post-thaw embryo survival. As a result, FET has 
become increasingly common in clinical practice, with pregnancy and cumulative live birth rates 
now comparable to those following Fresh ET. (8, 9) This progress has prompted a shift toward more 
individualized transfer strategies based not only on implantation potential but also on overall 
obstetric and perinatal safety profiles, an area that remains under active investigation. (5, 9) 

COS, particularly in high responders, can lead to ovarian hyperstimulation syndrome (OHSS), a 
serious complication characterized by increased ovarian volume, fluid shifts from blood vessels to 
the extravascular space, which can result in high risk of thrombosis and decreased perfusion to 
organs such as kidneys and liver, causing significant maternal morbidity and potentially life-
threatening outcomes. This condition is particularly pronounced when pregnancy occurs in the 
same stimulated cycle, a scenario inherent to Fresh ET. (10-12) 

The freeze-all strategy, in which all viable embryos are cryopreserved for transfer in subsequent 
cycles without ovarian stimulation, allows embryo transfer to be deferred to a non-stimulated cycle, 
mitigating OHSS risk and avoiding the potential adverse effects of COS on the endometrial 
environment, which could negatively impact implantation and subsequent obstetric and perinatal 
outcomes. (5, 9-15) 

Obstetric Outcomes 

The most robust evidence comparing obstetric outcomes according to embryo transfer comes 
from systematic reviews and meta-analyses, including those synthesized in recent Cochrane 
reviews. (5) Overall, while cumulative live birth rates appear comparable between strategies, 
maternal complications during pregnancy seem to differ. (5, 13) 

Hypertensive disorders of pregnancy (HDP) represent the most consistently reported difference 
between the two approaches. Several meta-analyses suggest that pregnancies following FET are 
associated with an increased risk of pregnancy-induced hypertension (PIH) and pre-eclampsia 
compared with Fresh ET, particularly in singleton pregnancies. (13, 16-19) A proposed explanation is 
the corpus luteum hypothesis, whereby programmed FET cycles rely exclusively on exogenous 
estrogen and progesterone, creating a non-physiological hormonal environment, whereas natural 
and modified-natural cycles preserve corpus luteum function. The absence of corpus luteum-
derived vasoactive mediators such as relaxin may impair cardiovascular adaptation and early 
placentation, contributing to increased HDP risk. In addition, prolonged or supra-physiological 
exposure to exogenous progesterone may also influence trophoblast differentiation and spiral 
artery remodeling, potentially affecting placental development.  (5, 13, 20, 21)  

Evidence regarding placenta-related complications is less uniform. Most pooled analyses report 
no significant differences in the incidence of placenta previa between fresh and frozen cycles. (16) 
However, some studies suggest a higher risk of placenta accreta following FET. (14, 15, 18, 19) 

The association between embryo transfer strategy and gestational diabetes mellitus (GDM) 
remains less consistent. Some cohort studies suggest a higher GDM rates after FET, but adjusted 
analyses, for maternal age, body mass index, and other confounders, generally do not confirm a 
significant or clinically meaningful difference. (5, 17, 18, 22) 

Data on intrahepatic cholestasis of pregnancy (ICP) in ART-conceived pregnancies are scarce, 
and very few studies compare its frequency between transfer strategies, leaving the relative risk 
uncertain. (23, 24) 
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Collectively, while HDP have been more consistently reported after FET, the available evidence, 
especially for other obstetric outcomes of interest, remains heterogeneous and of moderate to low 
quality, highlighting the need for further investigation. (5, 13)  

Perinatal Outcomes 

Perinatal outcomes following Fresh ET and FET have been widely investigated, although findings 
remain heterogeneous. In regard to gestational age at delivery, several cohort studies and meta-
analyses suggest that FET may be associated with a lower risk of preterm delivery compared with 
Fresh ET. (9, 25-27) However, randomized evidence has not consistently confirmed this difference, and 
the overall certainty of evidence remains limited. (5) 

Fetal growth patterns show the most consistent differences. Literature suggests that FET is 
consistently associated with higher mean birth weight, increased rates of large for gestational age 
(LGA) and macrosomia, whereas Fresh ET is more often linked to low birth weight (LBW). Evidence 
regarding small for gestational age (SGA) is mixed, with observational studies suggesting lower rates 
after FET but no clear confirmation from randomized trials. These differences have been 
documented across multiple cohort studies and meta-analyses, and are thought to reflect 
variations in early placentation, endometrial preparation, and hormonal exposure at implantation. 
(5, 9, 25-27) 

Apgar scores and congenital anomalies show no clinically relevant differences in most studies. 
(5, 12) However, some cohort studies have suggested slightly higher rates of congenital 
malformations after cryopreservation. (9, 25, 28) 

Furthermore, embryo developmental stage may also influence perinatal outcomes. 
Blastocyst-stage transfers have higher implantation potential and generally exhibit more favorable 
implantation dynamics and endometrial synchrony. These factors have been associated with 
differences in gestational age, risk of preterm birth, and fetal growth patterns, including slightly 
higher birth weight and increased rates of LGA infants. In contrast, cleavage-stage transfers occur 
earlier in embryonic development and may follow different implantation trajectories, which 
potentially explain part of the variability observed in neonatal outcomes across studies. (29-32) 

Multiple Gestations 

Multiple gestations represent a major concern in ART due to their strong association with 
adverse obstetric and perinatal outcomes, including preterm birth, low birth weight, HDP and 
neonatal morbidity and malformations. Their incidence is primarily determined by the number of 
embryos transferred. Historically, transferring multiple embryos was common practice to maximize 
pregnancy rates, which led to high twin rates in ART populations. (33, 34) 

However, the widespread implementation of elective single embryo transfer (eSET), particularly 
at the blastocyst stage, has substantially reduced the incidence of twin pregnancies while 
maintaining high cumulative live birth rates and leaving more embryos available for 
cryopreservation. (25, 33, 34) 

In this context, given the heterogeneity and limited robustness of the current aforementioned 
literature, the present study aims to compare obstetric and perinatal outcomes in pregnancies 
conceived through ART following fresh versus frozen-thawed embryo transfer, in order to better 
clarify their potential impact on maternal and neonatal health. 
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METHODS 

Study Design and Population 

A retrospective cohort study was conducted at the Center of Assisted Medical Procreation of 
Centro Materno-Infantil do Norte (CMIN) to compare obstetric and perinatal outcomes between 
Fresh ET and FET in ART pregnancies from January 2019 to December 2024.  

Prior to data collecron, the Department of Educaron, Training and Research and the Ethics 
Commi~ee of the Unidade Local de Saúde de Santo António (ULSSA) approved this study, with 
registraron number N/REF.ª 2025.286 (244-CAC-244-CE). The wri~en informed consent was waived 
due to the retrospecrve study design. 

To ensure confidentiality and prevent patient re-identification, hospital record numbers were 
replaced by unique alphanumeric codes. The correspondence linking these codes to patient records 
was stored separately under restricted access, and the analytical database did not contain direct 
personal identifiers.   

The study population comprised IVF and ICSI pregnancies resulting in live births after Fresh ET 
or FET, obtained from the Center of Assisted Medical Procreation database. Both blastocyst-stage 
(day 5-6) and cleavage-stage (day 2-3) transfers were eligible, as well as single and double embryo 
transfers and multiple pregnancies. Pregnancies conceived using donor sperm were also included.  

Exclusion criteria encompassed pregnancies achieved using donor oocytes or donated embryos, 
cycles using testicular sperm extraction (TESE), mixed insemination cycles, and cases with 
incomplete relevant obstetric or neonatal data. Non-evolving pregnancies, ectopic pregnancies, 
and miscarriages are not captured in the database and were therefore not represented in the study 
population. The selection process is illustrated in Figure 1. 

Outcome Measurements 

General characteristics of included patients 

Patients' baseline characteristics, obtained from the aforementioned database, were used to 
describe the study population and allow adjustment for potential confounders in the statistical 
analysis, including maternal age, body mass index (BMI), smoking habits, duration of infertility, type 
of infertility (primary or secondary), infertility diagnosis, fertilization method (IVF or ICSI), donor 
sperm use, cryopreservation origin (freeze-all or surplus embryos from a previous fresh cycle), 
number of cycles, number of embryos transferred (single or double embryo transfer), embryo stage 
at transfer (blastocyst or cleavage stage) and implantation rate (number of embryos with confirmed 
cardiac activity divided by the total number of embryos transferred). 

Smoking status was classified as smoker or non-smoker at the time of ART treatment, regardless 
of subsequent cessation during pregnancy. 

Regarding infertility etiology, the male factor group covered abnormalities in semen 
parameters, neurological, testicular, neoplastic and genetic conditions. The female factor included 
endocrine, tubal, ovulatory, uterine and cervical alterations as well as diminished ovarian reserve, 
and endometriosis. Combined infertility was defined as the coexistence of both male and female 
factors, and unexplained when no identifiable cause could be determined after clinical evaluation. 
Infertility diagnoses were not mutually exclusive, and each patient could be assigned more than 
one diagnosis simultaneously. 
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Obstetric and Perinatal Outcomes 

Obstetric and perinatal outcomes were obtained from clinical records using the SClínico 
Hospitalar computer program.  

The obstetric outcomes of the study included hypertensive disorders of pregnancy (including 
chronic hypertension, PIH, preeclampsia, eclampsia and HELLP syndrome), placenta-related 
complications (placenta previa, placenta accreta spectrum and placental abruption), diabetes in 
pregnancy (both pre-existing and gestational diabetes mellitus), intrahepatic cholestasis of 
pregnancy (ICP), multiple pregnancy and chorionicity. 

Regarding the perinatal outcomes measurements used were gestational age at birth, preterm 
birth (delivery before 37 weeks of gestation), mode of delivery, birth weight including low birth 
weight (< 2500g) and high birth weight (> 4000g), fetal growth restriction (FGR) (according to delphi 
criteria (35)), Apgar scores at 1 and 5 minutes after birth, major congenital anomalies and neonatal 
death. 

Mode of delivery was classified as eutocic (vaginal delivery without instrumentation) or dystocic 
(any delivery requiring medical intervention, including instrumental vaginal delivery and cesarean 
section).  

Major congenital anomalies were defined as structural abnormalities with significant medical or 
surgical consequences, including congenital heart defects, neural tube defects, genitourinary, 
gastrointestinal and musculoskeletal malformations, and chromosomal or generc syndromes. 
Newborns with mulrple defects could be assigned to more than one category. Minor anomalies 
with limited clinical significance, such as ankyloglossia, isolated inguinal hernias and single umbilical 
artery, were excluded from the analysis, in accordance with the EUROCAT classification. (36)  

Statistical analysis 

Descriprve starsrcs were employed to summarize maternal baseline characterisrcs, 
reproducrve variables, and obstetric and perinatal outcomes. Conrnuous variables are presented 
as means ± standard deviarons (SD) or medians (range), while categorical variables are presented 
as frequencies and percentages. 

The Kolmogorov-Smirnov test was used to evaluate normal distribution. Comparisons between 
the Fresh ET and the FET groups were performed using independent samples t-tests for normally 
distributed conrnuous variables or Mann-Whitney U test when data were not normally distributed, 
and chi-square test or Fisher’s exact test for categorical variables, as appropriate.  

To adjust for potenral confounding factors, logisrc regression was used for categorical 
outcomes, such as hypertensive disorders, GDM, birth weight classificaron, and mode of delivery, 
and linear regression was applied for conrnuous outcomes, such as birth weight and gestaronal 
age. Adjusted odds raro (aOR) with 95% confidence intervals (CI) were reported. Potenral 
confounders considered in the models included BMI, maternal age, smoking habits, number of 
embryos transferred, embryo developmental stage and ART technique (IVF or ICSI). Mulrvariable 
regression analyses were performed for outcomes that were starsrcally significant in univariable 
analysis and considered clinically relevant. 

Missing values were handled using complete-case analysis and were therefore excluded from 
starsrcal calcularons. Addironally, due to the small number of cases in each congenital anomaly 
subtype, no inferenral starsrcal analysis was performed for individual subcategories. 

All starsrcal tests were two-sided, and starsrcal significance was set at p < 0.05 with a 95% 
confidence interval. Data analysis was conducted using The Starsrcal Package for the Social 
Sciences so}ware (IBM SPSS Starsrcs, version 30). 
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RESULTS 

Baseline Characteristics 

A total of 491 pregnancies were included in the analysis, as detailed in Figure 1, of which 246 
(50.1%) resulted from FET and 245 (49.9%) from Fresh ET. 

Baseline maternal characterisrcs of both groups are summarized in Table I. The two groups were 
comparable across most demographic and clinical variables. Mean maternal age was similar 
between the FET and Fresh ET groups (33.99 ± 3.88 versus 34.47 ± 3.42 years, p = 0.153), as was the 
proporron of women of advanced maternal age (≥ 35 years) (49.2% versus 53.9%, p = 0.298). 

Maternal BMI was significantly higher in the FET group (24.93 ± 4.75 versus 23.99 ± 4.21 kg/m², 
p = 0.018), although no differences were observed in the proporrons of underweight (BMI < 19 
kg/m²; 7.3% versus 4.9%, p = 0.263) or obese women (BMI ≥ 30 kg/m²; 15.4% versus 11.4%, p = 
0.192). Smoking status was also similar, with approximately one quarter being active smokers in 
each group (23.2% versus 24.9%, p = 0.654). 

Regarding infertility characteristics, the duration of infertility did not differ between groups 
(45.82 ± 23.82 versus 47.11 ± 26.94 months, p = 0.692) nor did the type of infertility (primary: 84.1% 
versus 79.2%; secondary: 15.9% versus 20.8%, p = 0.162). 

Among infertility diagnoses, DOR was significantly more prevalent in the Fresh ET group (10.6% 
versus 2.0%, p < 0.001). A trend toward a higher prevalence of ovulatory disorders (54.5% versus 
46.5%, p = 0.078) and endocrine factors (11.0% versus 6.1%, p = 0.055) was observed in the FET 
group, although these differences did not reach statistical significance. The remaining infertility 
diagnoses, including male factor (62.6% versus 69.0%, p = 0.136), tubal factor (13.8% versus 14.3%, 
p = 0.882), uterine factor (12.6% versus 9.0%, p = 0.196), endometriosis (15.0% versus 19.2%, p = 
0.223), cervical factor (1.2% versus 1.2%, p = 1.000), combined causes (44.3% versus 44.9%, p = 
0.896) and unexplained infertility (3.7% versus 2.4%, p = 0.436), were similarly distributed between 
groups.  

Characteristics of ART procedures are presented in Table II. Within the FET group, most embryos 
originated from a freeze-all strategy (62.6%), while 37.4% were surplus embryos from a previous 
fresh cycle. 

Fertilization methods differed significantly between groups, with a higher proportion of IVF in 
the FET group (56.5% versus 46.5%) and a higher proportion of ICSI in the Fresh ET group (53.5% 
versus 43.5%, p = 0.027). Donor sperm use was comparable (5.3% versus 7.3%, p = 0.347). The 
distribution of treatment cycles was similar (p = 0.942), with approximately two-thirds of patients 
in both groups achieving pregnancy in their first cycle (65.0% versus 67.6%), followed by a second 
cycle (27.2% versus 23.7%) and three or more cycles (7.7% versus 9.0%). 

Two key differences were observed regarding embryo transfer characteristics. Single embryo 
transfer (SET) was significantly more frequent in the FET group (60.6% versus 43.3), whereas double 
embryo transfer (DET) predominated in the Fresh ET group (39.4% versus 56.7%%, p < 0.001). 
Blastocyst-stage transfer was markedly more common in the FET group (87.8% versus 38.8%), 
whereas cleavage-stage transfer was predominantly performed in the Fresh ET group (12.2% versus 
61.2%, p < 0.001)  

Implantaron rate was comparable between groups, with a higher rate observed in the FET group 
(278/343, 81.0% versus 289/384, 75.3%, p = 0.060). 
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Obstetric Outcomes 

Obstetric outcomes are summarized in Table III. Data were available for a total of 421 
pregnancies, of which 216 (51.3%) were from FET and 205 (48.7%) from Fresh ET, with 70 cases lost 
to follow-up. No starsrcally significant differences were observed between groups for any of the 
obstetric outcomes assessed. 

Regarding hypertensive disorders of pregnancy, the overall rate was comparable between groups 
(9.7% versus 9.3%, p = 0.874). Rates of chronic hypertension (1.9% versus 1.0%, p = 0.686), PIH 
(3.7% versus 1.5%, p = 0.150), preeclampsia (3.7% versus 6.3%, p = 0.214), and HELLP syndrome 
(0.5% versus 0.5%, p = 1.000) were comparable. No cases of eclampsia were reported. 

Placenta-related complicarons were similarly distributed, with no significant differences in 
placenta previa (3.2% versus 4.9%, p = 0.394) or placental abrupron (2 cases in the FET group versus 
none in the Fresh ET group, p = 0.499). No cases of placenta accreta were observed. 

The prevalence of diabetes mellitus, including GDM (11.6% versus 8.3%) and pre-gestaronal 
diabetes (PGDM) (0.9% versus 0.5%), was comparable between groups (p = 0.452). ICP was also 
comparable (1.4% versus 3.4%, p = 0.211). 

Pregnancy and Birth Outcomes 

Pregnancy and birth outcomes are represented in Table IV. A total of 491 deliveries were 
analyzed, of which 246 (50.1%) resulted from FET and 245 (49.9%) from Fresh ET. 

The rate of mulrple pregnancy was lower in the FET group compared with the Fresh ET group 
(10.6% versus 15.5%, p = 0.104), though not starsrcally significant. Among twin pregnancies, all FET 
cases were dichorionic (100.0%), compared with the Fresh ET group in which 89.5% were 
dichorionic and 10.5% monochorionic, with no starsrcally significant difference between groups 
(p= 0.140). 

Total live births were slightly higher in the Fresh ET group (282 versus 272). The distriburon of 
singleton and twin births differed significantly between the two groups (p = 0.036), with a higher 
proporron of twins following Fresh ET (19.1% versus 26.6%) and a correspondingly lower 
proporron of singletons (80.9% versus 73.4%). One case of selecrve fetal reducron in the Fresh ET 
group resulted in a singleton live birth. 

Mean gestaronal age at delivery was similar between groups (37.33 ± 2.23 weeks in 
FET versus 37.48 ± 2.47 weeks in Fresh ET, p = 0.141), as was the rate of preterm birth 
(26.8% versus 26.5%, p = 0.940). 

Given the significant difference in the distriburon of singleton and twin pregnancies, perinatal 
outcomes were analyzed separately for singleton and twin gestarons to be~er delineate the 
potenral differenral impact of embryo transfer strategy on neonatal health. 

Perinatal outcomes in singleton pregnancies 

Perinatal outcomes among singleton pregnancies are illustrated in Table V. A total of 427 
singletons were included, 220 (51.5%) following FET and 207 (48.5%) a}er Fresh ET. 

Mean gestaronal age at delivery was significantly lower in the FET group (37.72 ± 1.85 weeks 
versus 38.02 ± 1.73 weeks, p = 0.026), although the rate of preterm birth was similar between 
groups (18.6% versus 16.9%, p = 0.641). Regarding mode of delivery, dystocic deliveries were 
significantly more frequent following FET (80.0% versus 68.1%, p = 0.005), with a correspondingly 
lower rate of eutocic deliveries (20.0% versus 31.9%). Neonatal sex distriburon was comparable 
(male: 50.5% versus 52.7%; female: 49.5% versus 47.3%, p = 0.649). 
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Mean birth weight was significantly higher in the FET group 
(3241.35 ± 541.56 g versus 3023.98 ± 540.97 g, p < 0.001). Birth weight classificaron differed 
marginally between strategies (p = 0.050), with a higher proporron of LBW infants in the Fresh ET 
group (13.5% versus 7.7%) and a higher proporron of high birth weight (HBW) infants in the FET 
group (5.5% versus 2.4%). 

Apgar scores at 1 and 5 minutes were high and comparable between groups at both rme points 
(1st minute: 9 (9-10) versus 9 (8-10), p = 0.403; 5th minute: 10 (10-10) versus 10 (9-10), p = 0.455). 
Low Apgar scores (< 7) were rare and did not differ significantly at either the 1st minute (4.1% versus 
4.3%, p = 0.895) or the 5th minute (0.5% versus 0.0%, p = 1.000). 

Data on FGR, congenital anomalies, and neonatal death were unavailable for some cases due to 
losses to follow-up or incomplete neonatal records. Therefore, a complete-case analysis was 
performed for these outcomes.  

FGR incidence was lower in the FET group (4.2% versus 8.0%, p = 0.122), although this difference 
was not starsrcally significant. Major congenital anomalies occurred in 11 (5.9%) FET 
and 9 (5.2%) Fresh ET singletons, with no starsrcally significant difference (p = 0.806). Subtype 
distriburon of congenital anomalies is presented descriprvely. Cardiac defects were the most 
frequent (8 (72.7%) versus 4 (44.4%)), followed by genitourinary anomalies (3 (27.3%) versus 1 
(11.1%)), gastrointesrnal malformarons (1 (9.1%) in each group), musculoskeletal malformarons 
(1 (9.1%) versus 2 (22.2%)), neural tube defects were observed only in the Fresh ET group (2 
(22.2%)), whereas generc syndromes occurred only in the FET (1 (9.1%)). There was one case of 
neonatal death reported in the Fresh ET group (0.6%) and none a}er FET (p = 0.477). 

Perinatal outcomes in twin pregnancies 

Perinatal outcomes among twin pregnancies are presented in Table VI. A total of 127 twin live 
births were analyzed, including 52 (40.9%) following FET and 75 (59.1%) a}er Fresh ET. 

Mean gestaronal age was significantly lower in the FET group (34.00 ± 2.47 versus 34.55 ± 3.63 
weeks, p = 0.024). Although preterm birth rates tended to be higher a}er FET (96.2% versus 78.9%, 
p = 0.071), this difference did not reach starsrcal significance. Dystocic delivery was frequent in 
both groups and comparable (75.0% versus 74.7%, p = 0.966), with eutocic delivery rates being 
lower (25.0% versus 25.3%). Neonatal sex distriburon was also similar (male: 48.1% versus 60.8%; 
female: 51.9% versus 39.2%, p = 0.157). 

Mean birth weight did not differ significantly between groups 
(2133.85 ± 578.91 g versus 2160.88 ± 572.30 g, p = 0.734). The proporron of LBW infants was 
nearly idenrcal (71.2% versus 70.3%, p = 0.915), with no cases of HBW recorded. 

Apgar scores were comparable at both rme points (1st minute: 9 (3-10) versus 9 (3-10), p = 0.319; 
5th minute: 10 (4-10) versus 10 (6-10), p = 0.392), with low scores (<7) similarly distributed (1st 
minute: 13.5% versus 12.2%, p = 0.829; 5th minute: 1.9% versus 2.7%, p = 1.000). 

Data on fetal growth restricron, congenital anomalies, and neonatal death were incomplete for 
a small number of cases due to missing data resulrng from loss to follow-up, and analyses for these 
outcomes were performed on available cases. 

FGR rates were similar between groups (32.0% versus 27.9%, p = 0.636). Major congenital 
anomalies occurred in 3 (6.0%) FET and 8 (13.1%) Fresh ET, with no starsrcally significant difference 
(p = 0.339). Among these, cardiac defects were the most frequent, observed exclusively in the Fresh 
ET group (7 (87.5%)), followed by genitourinary anomalies (1 (33.3%) versus 2 (25.0%)), 
gastrointesrnal malformarons (1 (33.3%) versus none), and generc syndromes (1 (33.3%) versus 2 
(25.0%)). No musculoskeletal or neural tube defects were idenrfied. Neonatal death occurred in 
two (3.3%) cases a}er Fresh ET and in none a}er FET (p = 0.500). 
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Multivariable Analysis 

Multivariable regression analyses were performed for selected outcomes, as detailed in Tables 
VII-X. The significant differences in embryo stage and number of embryos transferred between 
groups were confirmed in the singleton subgroup (p < 0.001), jusrfying their inclusion as covariates 
in the mulrvariable analyses, although these differences were not significant in the twin subgroup 
(p = 0.265). 

Regarding obstetric outcomes, FET was not identified as an independent predictor of HDP (aOR 
= 1.399, 95% CI 0.602-3.251, p = 0.435), preeclampsia (aOR = 0.733, 95% CI 0.240-2.238, p = 0.586) 
or GDM (aOR = 1.359, 95% CI 0.595-3.107, p = 0.467) after multivariable adjustment. Maternal age 
and BMI were the main independent predictors of HDP and GDM, while BMI was the only significant 
predictor of preeclampsia. Notably, the number of embryos transferred was identified as an 
independent predictor of HDP, with DET associated with significantly higher odds compared with 
SET (aOR = 2.377, 95% CI 1.104-5.114, p = 0.027) (Table VII). 

In singleton pregnancies, FET remained independently associated with significantly higher birth 
weight after adjustment for gestational age, BMI, maternal age, fertilization method, embryo stage, 
number of embryos transferred, and smoking (B = +266.86g, 95% CI 177.12-356.61, p < 0.001) 
(Table VIII). In the multivariable model adjusted for gestational age, BMI, maternal age, fertilization 
method, and smoking, Fresh ET was independently associated with higher odds of LBW compared 
with FET (aOR = 3.388, 95% CI 1.352-8.493, p = 0.009) (Table IXa).  

However, this association was weakened and no longer reached statistical significance after 
additional adjustment for embryo stage and number of embryos transferred (aOR = 2.260, 95% CI 
0.724–7.054, p = 0.160) (Table IXb), suggesting that the observed effect may be mediated by 
embryo stage at transfer rather than cryopreservation itself. 

Furthermore, FET remained independently associated with a higher odd of dystocic delivery 
(aOR = 1.653, 95% CI 1.029-2.653, p = 0.037), with birth weight also emerging as a significant 
predictor (aOR = 1.001, 95% CI 1.000-1.001, p = 0.037) (Table X). 

Mulrvariable linear regression analysis was performed for gestaronal age in both singleton and 
twin pregnancies. However, as the overall models did not reach starsrcal significance in either 
subgroup (singletons: p = 0.164; twins: p = 0.286), these results were not included in the final 
analysis.  
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DISCUSSION 

Baseline Characteristics 

The two groups were broadly comparable across maternal demographics and most infertility 
diagnoses, suggesrng that the allocaron to Fresh ET or FET was not driven by these factors. The 
mean maternal age was approximately 34 years in both groups, with similar proporrons of 
advanced maternal age, which is reassuring given its established impact on ART outcomes. (37) 

Although BMI was higher in the FET group (p = 0.018), the absolute difference was less than 1 
kg/m² and both groups fell within the normal-to-overweight range, with similar proporrons of 
underweight and obese women, limirng clinical relevance. Nevertheless, BMI was included as a 
covariate, given its well-established role in obstetric complications namely GDM and HDP. (38, 39)  

DOR was significantly more prevalent in the Fresh ET group (p < 0.001), a clinically expected 
finding given that women with DOR typically yield fewer oocytes and consequently fewer surplus 
embryos for cryopreservation, making fresh transfer the more viable option. This rationale is 
supported by recent evidence showing higher live birth rates with Fresh ET in women with low 
prognosis. (40) 

Three significant procedural differences were identified, reflecting the evolution of ART clinical 
practice toward blastocyst culture, SET, and freeze-all strategies. (6, 41, 42) Conventional IVF was more 
frequent in the FET group while ICSI predominated in the Fresh ET group, possibly reflecting the 
higher proportion of male factor infertility in the latter, given that ICSI is the preferred technique 
for severe male factor. (43) Recent randomized controlled trials have demonstrated that this choice 
does not significantly affect obstetric or perinatal outcomes. (44-46) However, both methods were 
included as covariates in the multivariable analysis.   

SET was more common in the FET group, consistent with the freeze-all strategy favoring eSET, 
thereby reducing multiple pregnancy risk. (42) The number of embryo transfer was included as a 
covariate given the established association of DET with adverse perinatal outcomes, specifically 
preterm birth, low birth weight, and neonatal death, even in singleton pregnancies. (47, 48)  

Blastocyst-stage transfer was also more prevalent in FET cycles, reflecting its link to 
cryopreservation strategies and improved embryo-endometrium synchrony. (41) As blastocyst 
transfer has been associated with higher LGA rates and preterm birth risk, embryo stage was 
similarly included as a covariate. (31, 49) Moreover, the implantation rate was numerically higher in 
the FET group, suggesting a trend towards improved implantation in frozen cycles, consistent with 
the proposed beneficial effect of avoiding ovarian srmularon on endometrial receprvity. (15) 

Obstetric Outcomes 

Obstetric outcomes were comparable between the FET and Fresh ET groups, with no starsrcally 
significant differences observed in any of the variables assessed. These findings contrast with the 
exisrng literature, which has consistently reported an increased risk of HDP, parrcularly 
preeclampsia, following FET. (7, 13, 50) As previously discussed, this increased risk has been largely 
a~ributed to the absence of a corpus luteum in programmed FET cycles and appears specific to 
these protocols rather than to FET per se. (7, 51, 52)   

In the present study, preeclampsia tended to be more frequent in the Fresh ET group, a direcron 
contrary to most of the literature. However, this difference did not reach starsrcal significance 
which may reflect limited starsrcal power and the lack of data on endometrial prepararon 
protocols. As FET cycles likely included both natural and programmed regimens, the absence of an 
increased HDP risk in our cohort may reflect a non-predominance of programmed cycles. (51, 52) 
However, although available data from a subset of more recent FET cycles in our center (47/246, 
19.1%) suggested a clear predominance of programmed protocols (93.6%) over modified-natural 
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cycles (6.4%), the limited number of cases precludes definirve interpretaron. Under this 
assumpron, an increased HDP risk in the FET group would have been expected. This finding is 
therefore reassuring and supports the obstetric safety of FET in our clinical pracrce. Nonetheless, 
the inability to systemarcally differenrate between endometrial prepararon protocols represents 
an important limitaron of the present study. 

Regarding GDM, its prevalence was numerically higher in the FET group, consistent with the 
literature suggesrng a modestly increased risk a}er FET, parrcularly a}er blastocyst-stage transfer. 

(9, 22, 53, 54) This trend should be interpreted with cauron, as the FET group also exhibited slightly 
higher BMI and a significantly greater proporron of blastocyst transfers, both recognized risk factors 
for GDM and potenral sources of residual confounding. (53, 55) 

Placenta-related complicarons and ICP were comparably distributed between groups. Regarding 
placenta previa specifically, this finding is consistent with the majority of pooled analyses, while 
data specifically comparing ICP between transfer strategies remain scarce. (16, 23, 24) Given the low 
number of events, mulrvariable analysis was not performed for these outcomes. 

Mulrvariable analysis confirmed that FET was not an independent predictor of any obstetric 
outcome. BMI and maternal age emerged as the main independent predictors of both HDP and 
GDM, consistent with their well-established role. (38, 39) Notably, DET was independently associated 
with HDP, consistent with the well-documented link between mulrple gestaron and hypertensive 
disorders, and further supporrng the clinical relevance of eSET policies. (42, 47, 48) These findings 
reinforce the interpretaron that the absence of significant differences in obstetric outcomes may 
reflect a true lack of effect of FET per se, rather than solely insufficient starsrcal power. 

Pregnancy and Birth Outcomes 

In the present study, the distriburon of singleton and twin pregnancies differed significantly, 
with a higher proporron of twin gestarons following Fresh ET. This finding likely reflects procedural 
differences between transfer strategies, as evidenced by the higher prevalence of DET in the 
Fresh ET group, consistent with the ongoing paradigm shi} toward eSET, facilitated by advances in 
vitrificaron and blastocyst culture, which permit elecrve deferred embryo transfer without 
compromising cumularve live birth rates. (34, 42, 47) These current clinical pa~erns have contributed 
to the steady decline in twin gestarons observed globally in ART, which is clinically relevant given 
the well-established associaron of mulrple gestaron with adverse maternal and neonatal 
outcomes, as aforemenroned. (34, 48, 56) Consequently, the slightly lower rate of twin gestarons a}er 
FET in this study reinforces the strategy’s potenral contriburon to improved obstetric and perinatal 
safety profiles. 

The predominantly dichorionic twin popularon in both groups is clinically relevant, as 
monochorionic twins carry intrinsically higher risks of adverse perinatal outcomes, including twin-
to-twin transfusion syndrome, preterm birth, and perinatal mortality, independently of the mode 
of concepron, this reduces the likelihood that chorionicity-related complicarons confounded the 
comparison between strategies. (57) 

Regarding gestaronal age and preterm birth, the overall analysis showed comparable mean 
gestaronal age and preterm birth rates between strategies. When analyzed separately, singletons 
in the FET group delivered at a slightly earlier gestaronal age (p = 0.026), although the absolute 
difference was less than two weeks and both groups delivered at term on average, with comparable 
preterm birth rates, suggesrng that the transfer strategy did not meaningfully influence the risk of 
preterm delivery. In twin pregnancies, gestaronal age was also significantly lower in the FET group 
(p = 0.024), with both groups falling within the preterm range, reflecrng the inherently higher 
obstetric risk of mulrple gestaron parrcularly related to preterm delivery. (58) Alongside this, a non-
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significant trend toward higher preterm birth rates in the FET group (p = 0.071), a pa~ern similar to 
that observed in singleton pregnancies.  

These findings partly contrast with the broader literature, where FET has generally been 
associated with comparable or longer gestaronal duraron. (7, 9, 26) However, this la~er associaron 
has been shown to a~enuate or disappear when all pregnancies are combined, as noted in our 
cohort. (9, 13, 26) Moreover, randomized controlled trials have not demonstrated clinically meaningful 
differences in gestaronal duraron or preterm birth rates between transfer strategies. (17, 18) The 
literature specifically addressing twin pregnancies following FET versus Fresh ET is considerably 
more limited than for singletons, and exisrng evidence is not enrrely consistent. (26, 59) Thus, the 
observed trend toward shorter gestaronal age and higher preterm birth rates in FET twins likely 
reflects the limited sample size of this subgroup rather than a true biological effect.  

Perinatal Outcomes in Singleton Pregnancies 

Among singleton pregnancies, the most clinically significant finding of the present study was the 
significantly higher mean birth weight observed in the FET group, an associaron that was confirmed 
and strengthened by mulrvariable linear regression analysis (B = +266.86 g, 95% CI 177.12-356.61, 
p < 0.001). This demonstrates that FET remained independently associated with higher birth weight 
a}er adjustment, reinforcing that this difference cannot be a~ributed to other variables alone. This 
finding is consistent with an extensive and growing body of literature linking FET to higher birth 
weight, LGA neonates and macrosomia when compared to Fresh ET. (5, 7, 9, 25-27, 60) 

The mechanisms underlying this phenomenon remain incompletely understood but are likely 
mulrfactorial. Epigenerc alterarons induced by the cryopreservaron have been proposed as a key 
contributor, with vitrificaron shown to affect methylaron of imprinted genes such as H19 and IGF2, 
key regulators of fetal growth, potenrally resulrng in a pa~ern resembling "Large Offspring 
Syndrome”. (61, 62) Addironally, programmed FET cycles have been associated with significantly 
higher fetal weight and LGA compared with natural cycle FET, suggesrng that the lack of corpus 
luteum-derived vasoacrve mediators may favor fetal overgrowth. (63) The unavailability of 
endometrial prepararon data in our cohort precludes further strarficaron of this effect, 
represenrng a relevant limitaron. Notably, the apparent predominance of programmed cycles in 
our center, as previously discussed, is consistent with the higher birth weight observed in the FET 
group. Furthermore, the significantly higher proporron of blastocyst-stage transfers in the FET 
group may have also contributed, as blastocyst transfer has been independently associated with 
higher birth weight. (31, 49)  

Regarding birth weight classificaron, the distribution differed marginally between groups (p = 
0.050), with a higher proportion of LBW infants in the Fresh ET group and a higher proportion of 
HBW infants in the FET group. This finding is consistent with the literature, which has consistently 
demonstrated that Fresh ET is associated with higher rates of LBW and SGA, while FET is associated 
with increased rates of HBW and LGA. (7, 60)  

In multivariable analysis, Fresh ET was associated with higher odds of LBW (aOR = 3.388, 95% CI 
1.352-8.493, p = 0.009) (Table IXa). However, after additional adjustment for embryo stage and 
number of embryos transferred, this association was weakened (aOR = 2.260, 95% CI 0.724-7.054, 
p = 0.160) (Table IXb), suggesting that the protective effect of FET against LBW may be partly 
mediated by the higher proportion of blastocyst-stage transfers rather than cryopreservation per 
se. This has important clinical implications, as it suggests that the shift toward blastocyst culture, 
independent of the cryopreservation strategy, may be a key driver of increased birth weight 
outcomes. (31, 41, 49)  

Dystocic deliveries were significantly more frequent following FET (p = 0.005), consistent with 
the higher caesarean secron rates reported in the literature a}er FET. (7, 13) This finding is likely 
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mulrfactorial, as the higher birth weight, macrosomia and LGA rates in FET may directly contribute 
to intrapartum complicarons requiring operarve delivery. (7, 60) Besides, programmed FET cycles 
have been independently associated with higher caesarean secron rates, potenrally mediated by 
the same corpus luteum-deficient hormonal environment implicated in placental dysfuncron and 
fetal overgrowth, previously discussed, an observaron consistent with the apparent predominance 
of programmed cycles in our center. (51) Notably, ART pregnancies in general carry a higher baseline 
risk of operarve delivery, partly a~ributable to obstetric risk factors inherent to underlying inferrlity 
and to clinical decision-making in the context of a “precious pregnancy”. (64) Mulrvariable analysis 
confirmed FET as an independent predictor of dystocic delivery (aOR = 1.653, 95% CI 1.029-2.653, 
p = 0.037), with birth weight also emerging as a significant predictor (aOR = 1.001, 95% CI 1.000-
1.001, p = 0.037), supporrng a mechanisrc pathway whereby higher birth weight contributes to, 
but does not fully explain, the increased rate of operarve delivery. (51, 64) 

Apgar scores, FGR, and major congenital anomalies were comparable between groups, in line 
with the literature showing no meaningful differences between transfer strategies. Specifically, 
similar Apgar scores reinforce the absence of significant differences in neonatal adaptaron, while 
the non-significant trend toward lower FGR rates in the FET group is biologically coherent with the 
observed higher birth weights and consistent with the lower SGA rates reported following FET. (7, 9, 

26, 65) Cardiac defects were the most frequent anomaly subtype in both groups, consistent with 
recent evidence suggesrng that while ART is associated with a modestly higher risk of congenital 
heart defects compared with spontaneous concepron, no significant difference has been observed 
between FET and Fresh ET. (66) One case of neonatal death occurred in the Fresh ET group, from 
which no meaningful conclusion can be drawn given the very low absolute numbers, consistent with 
the current evidence. (7, 9) 

Perinatal Outcomes in Twin Pregnancies 

Birth weight, LBW rates, Apgar scores, FGR and mode of delivery were comparable between 
groups, consistent with the available evidence. (22, 25, 26, 59) Cardiac defects were numerically more 
frequent among Fresh ET twins, a finding that warrants extreme cauron given the very small 
numbers involved and should be regarded as a chance finding, once the exisrng literature does not 
support a differenral risk of cardiac anomalies between transfer type. (7, 60) Neonatal death occurred 
exclusively in the Fresh ET group, a~ributable to extreme prematurity rather than the transfer 
strategy, consistent with the literature. (7, 9) 

Overall, the twin subgroup findings should be interpreted with parrcular cauron given the small 
sample size, and the limited starsrcal power inherent to subgroup analyses. Larger prospecrve 
studies specifically designed to address perinatal outcomes in twin pregnancies following different 
transfer strategies are warranted. 

Finally, it is worth noting that the majority of FET cycles in the present study originated from a 
freeze-all strategy, reflecting the growing adoption of this approach in clinical practice. (6, 41) 

However, for the freeze-all strategy to be justified as a default approach, it must demonstrate clear 
clinical and cost-effectiveness advantages over Fresh ET. (12)  While it significantly reduces the risk 
of OHSS and may improve endometrial receptivity, it inherently involves a delay in achieving 
pregnancy and additional clinical visits, which may represent a significant burden for patients. (10, 11) 
The findings of the present study contribute to this debate by supporting the obstetric safety of 
FET, while highlighting that procedural factors such as embryo stage and number of embryos 
transferred may be key drivers of perinatal outcomes, independent of the freeze-all strategy 
itself.(5) 
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Strengths and Limitations 

The strengths of this study include a substanral cohort of 491 ART pregnancies from a single 
terrary referral center over a six-year period, with well-balanced groups (FET n = 246 versus Fresh 
ET n = 245), allowing direct comparison of obstetric and perinatal outcomes between transfer 
strategies with consistent clinical protocols. Addironally, the separate analysis of singleton and twin 
pregnancies, along with mulrvariable adjustment for key confounders, selected based on their 
established influence on each specific outcome according to the literature, strengthens the 
robustness of the findings. 

Nevertheless, several limitarons should be acknowledged, such as the retrospecrve design, 
which limits the ability to control for unmeasured confounders. Although the analysis was adjusted 
to minimize confounding, selecron bias could not be enrrely excluded. The relarvely small twin 
subgroup, albeit clinically desirable, may have limited starsrcal power to detect differences in less 
frequent outcomes within this subset. The unavailability of systemarc data on endometrial 
prepararon protocols precluded strarficaron by natural versus programmed cycles, despite their 
recognized influence on obstetric and perinatal outcomes. Beyond this, some outcomes had 
incomplete data due to losses to follow-up, partly because many couples travel long distances to 
access ART treatment and o}en conrnue pregnancy surveillance closer to home.  

Moreover, lifestyle factors such as physical acrvity and nutrironal habits, which may also 
influence obstetric and perinatal outcomes, were not systemarcally assessed. This is parrcularly 
relevant given the likely interrelaron between these complicarons, which o}en share common risk 
factors and may co-occur, potenrally influencing their observed frequencies. Lastly, the long-term 
health of newborns conceived through different embryo transfer strategies was beyond the scope 
of this study and warrants further invesrgaron. 
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CONCLUSION 

As the global urlizaron of ART conrnues to expand, a comprehensive understanding of the 
compararve impact of different embryo transfer strategies on maternal and neonatal outcomes has 
become increasingly important for oprmizing clinical pracrce and ensuring informed parent 
counselling. 

This cohort study found that FET does not confer a meaningful increase in obstetric risk 
compared with Fresh ET, even after adjustment for potential confounders. Notably, DET was 
independently associated with HDP, reinforcing the clinical relevance of eSET policies in reducing 
obstetric risk. 

In singleton pregnancies, FET was independently associated with higher birth weight and a 
higher rate of dystocic delivery. The protective effect against LBW appeared to be partly mediated 
by the higher proportion of blastocyst-stage transfers rather than a direct effect of cryopreservation 
per se. Although a statistically significant difference in gestational age was observed, this was of 
limited clinical magnitude, with both groups delivering at term on average and no significant 
difference in preterm birth rates. Remaining perinatal outcomes, including Apgar scores, FGR, and 
congenital anomalies, were comparable between groups, suggesting that neonatal adaptation was 
not influenced by the transfer strategy employed.  

In twin pregnancies, outcomes were broadly comparable between groups, with the exception 
of a shorter gestational age in the FET group, likely reflecting the limited sample size of this 
subgroup rather than a true biological effect, with both groups delivering in the preterm range on 
average and comparable preterm birth rates. Nonetheless, considering the limitarons of the 
present study, these findings require caurous interpretaron.   

Overall, the decision between FET and Fresh ET should be individualized rather than guided by a 
universal freeze-all approach. The ongoing shi} toward blastocyst-stage transfer and eSET appears 
to be a key driver of perinatal outcomes, independent of the freeze-all strategy itself. While FET 
offers clear advantages in selected popularons, parrcularly in high responders at risk of OHSS, it 
inherently involves a delay in achieving pregnancy and addironal clinical visits, which may impact 
parents' quality of life and represent a significant lifestyle burden. These considerarons highlight 
the importance of oprmizing embryo transfer strategy to maximize both reproducrve success and 
perinatal safety for each parent. 

Looking ahead, larger prospective studies and well-designed randomized controlled trials are 
warranted to further elucidate the independent effect of embryo transfer strategy on maternal and 
neonatal health, with particular attention to twin pregnancies, which remain an underrepresented 
subgroup in the existing literature. 
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APPENDIX 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Flowchart of the study population. 
 

 

 

 

 

  

FET 

n = 265 

IVF/ICSI live birth pregnancies screened 

n = 558 

Fresh ET 

n = 293 

TESE: 30 
Donor oocytes: 18 

Total 

n = 245 

Total 

n = 246 

TESE: 10 
Donor oocytes: 6 
Donated embryos: 2 
Mixed insemina@on: 1 
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Table I Maternal background characterisrcs according to embryo transfer strategy. Data are 
presented as mean ± SD, or number (percentage), as appropriate.  

SD – Standard Devia-on; IQR – Interquar-le Range; BMI – Body Mass Index; FET – Frozen- thawed Embryo Transfer; Fresh 
ET – Fresh Embryo Transfer; DOR – Diminished Ovarian Reserve. 

 

 

 

 

 

 

 FET (n = 246) Fresh ET (n = 245) p- value 

Maternal age (years) 33.99 ± 3.88 34.47 ± 3.42 0.153 

   Advanced maternal age (≥ 35 years), n (%) 121 (49.2) 132 (53.9) 0.298 

Maternal BMI (kg/m2) 24.93 ± 4.75 23.99 ± 4.21 0.018 

    BMI < 19 kg/m2, n (%) 18 (7.3) 12 (4.9) 0.263 

    BMI ≥ 30 k g/m2, n (%) 38 (15.4) 28 (11.4) 0.192 

Smoking habits, n (%)   0.654 

    Non-smoker 189 (76.8) 184 (75.1)  

    Smoker 57 (23.2) 61 (24.9)  

DuraLon of inferLlity (months) 45.82 ± 23.82 47.11 ± 26.94 0.692 

Type of InferLlity, n (%)   0.162 

    Primary 206 (84.1) 194 (79.2)  

    Secondary 39 (15.9) 51 (20.8)  

InferLlity diagnosis, n (%)    

    Male 154 (62.6) 169 (69.0) 0.136 

    Ovulatory 134 (54.5) 114 (46.5) 0.078 

    DOR  5 (2.0) 26 (10.6) <0.001 

    Endocrine 27 (11.0) 15 (6.1) 0.055 

    Tubal 34 (13.8) 35 (14.3) 0.882 

    Uterine 31 (12.6) 22 (9.0) 0.196 

    Endometriosis   37 (15.0) 47 (19.2) 0.223 

    Cervical 3 (1.2) 3 (1.2) 1.000 

    Combined 109 (44.3) 110 (44.9) 0.896 

    Unexplained 9 (3.7) 6 (2.4) 0.436 
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Table II Baseline characterisrc of ART procedures according to embryo transfer strategy. Data are 
represented as number (percentage) or n/N (%). 

IVF – In Vitro Fer-liza-on; ICSI – Intracytoplasmic Sperm injec-on; SET – Single Embryo Transfer; DET – Double Embryo 
Transfer. 

 

 

 

 

 

 

 

 

 

 

 

 

 FET (n = 246) Fresh ET (n = 245) p- value 

Cryopreservation origin, n (%)    
     Freeze-all 154 (62.6)   
     Surplus embryos 92 (37.4)   

FerLlizaLon method, n (%)   0.027 

    IVF 139 (56.5) 114 (46.5)  

    ICSI 107 (43.5) 131 (53.5)  

Donor sperm, n (%) 13 (5.3) 18 (7.3) 0.347 

Number of cycles, n (%)   0.942 

    1 cycle 160 (65.0) 165 (67.3)  

    2 cycles 67 (27.2) 58 (23.7)  

    3 or more cycles 19 (7.7) 22 (9.0)  

No. of embryos transferred, n (%)   <0.001 

    SET 149 (60.6) 106 (43.3)  

    DET 97 (39.4) 139 (56.7)  

Embryo stage at transfer, n (%)   <0.001 

    Cleavage 30 (12.2) 150 (61.2)  

    Blastocyst 216 (87.8) 95 (38.8)  

Implantation rate, n/N (%) 278/343 (81.0) 289/384 (75.3) 0.060 
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Table III Obstetric outcomes according to embryo transfer strategy. Data are represented as number 
(percentage).  

* Missing values excluded. PIH – Pregnancy Induced Hypertension; HELLP – Hemolysis, Elevated Liver enzymes, Low 
Platelet count. 

 

Table IV Pregnancy and birth outcomes according to embryo transfer strategy. Data are presented 
as mean ± SD, or number (%), as appropriate.  

SD – Standard Devia-on; IQR – Interquar-le Range. Gesta-onal age and preterm birth reported for the overall popula-on 
(singletons and twins combined). 

 

 

 

 

 FET (n = 216)* Fresh ET (n = 205)* p- value 

Hypertensive disorders, n (%) 21 (9.7) 19 (9.3) 0.874 

    Chronic hypertension 4 (1.9) 2 (1.0) 0.686 

    PIH 8 (3.7) 3 (1.5) 0.150 

    Preeclampsia 8 (3.7) 13 (6.3) 0.214 

    HELLP syndrome 1 (0.5) 1 (0.5) 1.000 

Placenta-related complications, n (%)    

   Placenta previa 7 (3.2) 10 (4.9) 0.394 

   Placental abruption 2 (0.9) 0 (0.0) 0.499 

Diabetes Mellitus, n (%)   0.452 

    Pre-gestational diabetes  2 (0.9) 1 (0.5)  
     Gestational diabetes 25 (11.6) 17 (8.3) 

Intrahepatic cholestasis of pregnancy, n (%) 3 (1.4) 7 (3.4) 0.211 

 FET  Fresh ET  p- value 

No. of deliveries 246 245  

MulLple pregnancies, n (%) 26 (10.6) 38 (15.5) 0.104 

Chorioniciy, n (%)   0.140 

    Monochorionic 0 (0.0) 4 (10.5)  

    Dichorionic  26 (100.0) 34 (89.5)  

No. of live births, n (%) 272 282  
    Singletons 220 (80.9) 207 (73.4) 

0.036 
    Twins 52 (19.1) 75 (26.6) 

SelecLve fetal reducLon, n (%) 0 (0.0) 1 (2.6) 1.000 

GestaLonal age (weeks) 37.33 ± 2.23 37.48 ± 2.47 0.141 

Preterm birth, n (%) 66 (26.8) 65 (26.5) 0.940 
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Table V Perinatal outcomes in singleton pregnancies according to embryo transfer strategy. Data are 
presented as mean ± SD, median (range), or number (%), as appropriate.  

* Missing values excluded. SD – Standard Devia-on; LBW – Low Birth Weight; HBW – High Birth Weight.  

 

 

 

 

 

 

Singletons FET (n = 220) Fresh ET (n = 207) p- value 

GestaLonal age (weeks) 37.72 ± 1.85 38.02 ± 1.73 0.026 

Preterm birth, n (%) 41 (18.6) 35 (16.9) 0.641 

Mode of delivery, n (%)   0.005 

    Eutocic 44 (20.0) 66 (31.9)  

    Dystocic 176 (80.0) 141 (68.1)  

Gender, n (%)   0.649 

    Male 111 (50.5) 109 (52.7)  

    Female 109 (49.5) 98 (47.3)  

Birth weight (g) 3241.35 ± 541.56 3023.98 ± 540.97  < 0.001 

    LBW (< 2500 g) 17 (7.7) 28 (13.5)  
0.050     HBW (> 4000 g) 12 (5.5) 5 (2.4) 

Apgar score    

    1st minute 9 (9-10) 9 (8-10) 0.403 

    5th minute 10 (10-10) 10 (9-10) 0.455 

    1st minute (< 7), n (%) 9 (4.1) 9 (4.3) 0.895 

    5th minute (< 7), n (%) 1 (0.5) 0 (0.0) 1.000 

 FET (n = 191)* Fresh ET (n = 174)*  

Fetal growth restriction, n (%) 8 (4.2) 14 (8.0) 0.122 

  Major congenital anomalies, n (%) 11 (5.9) 9 (5.2) 0.806 

     Heart defects 8 (72.7) 4 (44.4)  

     Neural Tube  0 (0.0) 2 (22.2)  

     Genitourinary  3 (27.3) 1 (11.1)  

     Gastrointes@nal 1 (9.1) 1 (11.1)  

     Musculoskeletal 1 (9.1) 2 (22.2)  

     Gene@c Syndromes 1 (9.1) 0 (0.0)  

Neonatal death, n (%) 0 (0.0) 1 (0.6) 0.477 
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Table VI Perinatal outcomes in twin pregnancies according to embryo transfer strategy. Data are 
presented as median (IQR), median (range), or number (%), as appropriate.  

* Missing values excluded. SD – Standard Devia-on; LBW – Low Birth Weight. Gesta-onal age and preterm birth are 
reported per pregnancy (FET n = 26; Fresh ET n = 38). Remaining outcomes are reported per neonate. 

 

 

 

 

 

 

 

 

Twins FET (n = 52) Fresh ET (n = 75) p- value 

GestaLonal age (weeks) 34.00 ± 2.47 34.55 ± 3.63 0.024 

Preterm birth, n (%) 25 (96.2) 30 (78.9) 0.071 

Mode of delivery, n (%)   0.966 

    Eutocic 13 (25) 19 (25.3)  

    Dystocic 39 (75.0) 56 (74.7)  

Gender, n (%)*   0.157 

    Male 25 (48.1) 45 (60.8)  

    Female 27 (51.9) 29 (39.2)  

Birth weight (g)*  2133.85 ± 578.91 2160.88 ± 572.30 0.734 

    LBW (< 2500 g) 37 (71.2) 52 (70.3) 0.915 

Apgar score*    

    1st minute 9 (3-10) 9 (3-10) 0.319 

    5th minute 10 (4-10) 10 (6-10) 0.392 

    1st minute (< 7), n (%) 7 (13.5) 9 (12.2) 0.829 

    5th minute (< 7), n (%) 1 (1.9) 2 (2.7) 1.000 

 FET (n = 50)* Fresh ET (n = 61)*  

Fetal growth restriction, n (%) 16 (32.0) 17 (27.9) 0.636 

  Major congenital anomalies, n (%) 3 (6.0) 8 (13.1) 0.339 

    Heart defects 0 (0.0) 7 (87.5)  

    Genitourinary  1 (33.3) 2 (25.0)  

    Gastrointes@nal 1 (33.3) 0 (0.0)  

    Gene@c Syndromes 1 (33.3) 2 (25.0)  

Neonatal death, n (%) 0 (0.0) 2 (3.3) 0.500 
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Table VII Mulrvariable logisrc regression analysis for obstetric outcomes. Nagelkerke R²: HDP = 
0.158; Preeclampsia = 0.105; GDM = 0.122. 

aOR – adjusted Odds Ra-o; CI – Confidence Interval; HDP – Hypertensive Disorders of Pregnancy; GDM – Gestational 
Diabetes Mellitus; FET – Frozen- thawed Embryo Transfer; Fresh ET – Fresh Embryo Transfer; BMI – Body Mass Index; IVF 
– In vitro fer-liza-on; ICSI – Intracytoplasmic Sperm Injec-on; SET – Single Embryo Transfer; DET – Double Embryo Transfer. 

 aOR 95% CI p- value 

Hypertensive Disorders of Pregnancy  
Embryo transfer strategy    
    Fresh ET Reference   
    FET  1.399 0.602-3.251 0.435 
BMI (kg/m²) 1.161 1.085-1.242 <0.001 
Maternal age (years) 1.128 1.015-1.255 0.026 
Embryo stage     
    Cleavage Reference   
    Blastocyst  0.616 0.265-1.433 0.261 
No. of embryos transferred    
    SET Reference   
    DET 2.377 1.104-5.114 0.027 
FerLlizaLon method    
    IVF Reference   
    ICSI  1.053 0.523-2.118 0.886 
Preeclampsia    
Embryo transfer strategy    
    Fresh ET Reference   
    FET  0.733 0.240-2.238 0.586 
BMI (kg/m²) 1.129 1.036-1.230 0.006 
Maternal age (years) 1.101 0.960-1.263 0.169 
Embryo stage     
    Cleavage Reference   
    Blastocyst  0.626 0.212-1.846 0.395 
No. of embryos transferred    
    SET Reference   
    DET 1.525 0.570-4.082 0.401 
FerLlizaLon method    
    IVF Reference   
    ICSI  2.058 0.791-5.354 0.139 
Gestational Diabetes Mellitus     
Embryo transfer strategy    
    Fresh ET Reference   
    FET  1.359 0.595-3.107 0.467 
BMI (kg/m²) 1.137 1.065-1.214 <0.001 
Maternal age (years) 1.151 1.038-1.276 0.008 
Embryo stage     
    Cleavage Reference   
    Blastocyst  0.798 0.341-1.872 0.604 
No. of embryos transferred    
    SET Reference   
    DET 0.879 0.435-1.776 0.719 
FerLlizaLon method    
    IVF Reference   
    ICSI  0.605 0.303-1.208 0.154 
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Table VIII Mulrvariable linear regression analysis for birth weight in singleton pregnancies. Adjusted 
R² = 0.481.  

B – unstandardized regression coefficient; CI – Confidence Interval; FET – Frozen-thawed Embryo Transfer; Fresh ET – Fresh 
Embryo Transfer; BMI – Body Mass Index; IVF – In Vitro Fer-liza-on; ICSI – Intracytoplasmic Sperm Injec-on; SET – Single 
Embryo Transfer; DET – Double Embryo Transfer. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Birth weight B (g) 95% CI p- value 

Embryo transfer strategy    

    Fresh ET Reference   
    FET  +266.86 177.12-356.61 < 0.001 
GestaLonal age (weeks) + 204.85 183.51-226.18 < 0.001 

BMI (kg/m²) + 9.45 1.03-17.88 0.028 

Maternal age (years) -5.50 -16.32-5.33 0.319 

Smoking habits    

   Non-smokers Reference   

   Smokers  +0.88 -88.80-90.55 0.985 

Embryo stage     

    Cleavage Reference   

    Blastocyst  -9.47 -104.83-85.89 0.845 

No. of embryos transferred    

    SET Reference   
    DET -22.07 -103.59-59.45 0.595 
FerLlizaLon method    
    IVF Reference   

    ICSI  -3.15 -80.92-74.61 0.937 
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Table IXa Mulrvariable regression analysis for birth weight classificaron in singleton pregnancies - 
Model 1: adjusted for gestaronal age, BMI, maternal age, smoking, and IVF vs ICSI, without 
adjustment for embryo stage or number of embryos transferred. Nagelkerke R² = 0.502. Reference 
category: Normal birth weight.  

aOR – adjusted Odds Ra-o; CI – Confidence Interval; LBW – Low Birth Weight (< 2500 g); HBW – High Birth Weight (> 4000 
g); FET – Frozen-thawed Embryo Transfer; Fresh ET – Fresh Embryo Transfer; BMI – Body Mass Index; IVF – In vitro 
fer-liza-on; ICSI – Intracytoplasmic Sperm Injec-on. SET – Single Embryo Transfer; DET – Double Embryo Transfer. 

 

 

 

Birth weight classificaLon aOR 95% CI p- value 

LBW vs Normal     

Embryo transfer strategy    

    FET Reference   

    Fresh ET 3.388 1.352-8.493 0.009 

GestaLonal age (weeks) 0.247 0.172-0.356 < 0.001 

BMI (kg/m²) 0.931 0.843-1.029 0.160 

Maternal age (years) 1.115 0.981-1.266 0.095 

Smoking habits    

    Smokers Reference   

    Non-smokers  1.216 0.419-3.535 0.719 

FerLlizaLon method    

    ICSI Reference   

    IVF 0.576 0.232-1.432 0.235 

HBW vs Normal    

Embryo transfer strategy    

    FET Reference   

    Fresh ET 0.370 0.121-1.129 0.081 

GestaLonal age (weeks) 2.014 1.224-3.313 0.006 

BMI (kg/m²) 1.053 0.946-1.171 0.345 

Maternal age (years) 0.907 0.796-1.033 0.142 

Smoking habits    

    Smokers Reference   

    Non-smokers  1.785 0.472-6.749 0.393 

FerLlizaLon method    

    ICSI Reference   

    IVF 0.856 0.303-2.415 0.769 
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Table IXb Mulrvariable regression analysis for birth weight classificaron in singleton pregnancies - 
Model 2: addironally adjusted for embryo stage and number of embryos transferred. Nagelkerke 
R² = 0.507. Reference category: Normal birth weight. 

aOR – adjusted Odds Ra-o; CI – Confidence Interval; LBW – Low Birth Weight (< 2500 g); HBW – High Birth Weight (> 4000 
g); FET – Frozen- thawed Embryo Transfer; Fresh ET – Fresh Embryo Transfer; BMI – Body Mass Index; IVF – In Vitro 
Fer-liza-on; ICSI – Intracytoplasmic Sperm Injec-on. SET – Single Embryo Transfer; DET – Double Embryo Transfer. 

 

Birth weight classificaLon aOR 95% CI p- value 

LBW vs Normal     

Embryo transfer strategy    
    FET Reference   
    Fresh ET 2.260 0.724-7.054 0.160 
GestaLonal age (weeks) 0.245 0.170-0.353 < 0.001 
BMI (kg/m²) 0.935 0.846-1.032 0.182 
Maternal age (years) 1.094 0.955-1.253 0.197 
Smoking habits    
    Smokers Reference   
    Non-smokers  1.323 0.445-3.936 0.615 
FerLlizaLon method    
    ICSI Reference   
    IVF 0.601 0.239-1.509 0.278 
Embryo stage     
    Blastocyst      Reference   
    Cleavage   2.167 0.654-7.179 0.206 
No. of embryos transferred    
    DET Reference   
    SET 1.210 0.470-3.112 0.693 

HBW vs Normal    

Embryo transfer strategy    
    FET Reference   
    Fresh ET 0.351 0.102-1.210 0.097 
GestaLonal age (weeks) 1.997 1.208-3.302 0.007 
BMI (kg/m²) 1.054 0.946-1.173 0.340 
Maternal age (years) 0.906 0.795-1.034 0.144 
Smoking habits    
    Smokers Reference   
    Non-smokers  1.804 0.474-6.858 0.387 
FerLlizaLon method    
    ICSI Reference   
    IVF 0.845 0.297-2.404 0.752 
Embryo stage     
    Blastocyst      Reference   
    Cleavage   1.113 0.302-4.105 0.872 
No. of embryos transferred    
    DET Reference   
    SET 0.953 0.305-2.976 0.933 
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Table X Mulrvariable logisrc regression analysis for mode of delivery in singleton pregnancies. 
Nagelkerke R² = 0.048. Reference category: Eutocic delivery.  

aOR – adjusted Odds Ra-o; CI – Confidence Interval; FET – Frozen- thawed Embryo Transfer; Fresh ET – Fresh Embryo 
Transfer; BMI – Body Mass Index; IVF – In Vitro Fer-liza-on; ICSI – Intracytoplasmic Sperm Injec-on. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Mode of delivery aOR 95% CI p- value 

Embryo transfer strategy    
    Fresh ET Reference   
    FET 1.653 1.029-2.653 0.037 

Birth weight (g) 1.001 1.000-1.001 0.037 

GestaLonal age (weeks) 0.884 0.744-1.051 0.162 

BMI (kg/m²) 0.970 0.925-1.018 0.221 

Maternal age (years) 1.021 0.961-1.086 0.497 

FerLlizaLon method    
    IVF  Reference   
    ICSI 0.893 0.570-1.399 0.621 
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