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KEY MESSAGE
Singletons born after IVF/ICSI did not show adverse perinatal outcomes when controlled for maternal age, parity 
and childs sex parity but singletons born after stimulated IVF had higher risks of low birthweight and small for 
gestational age compared to the Swiss Live Birth Registry, whereas singletons born after unstimulated IVF did not.

ABSTRACT
Research question: How are perinatal outcomes of live-born singletons after stimulated and unstimulated IVF 
different from perinatal outcomes in (i) children born in a tertiary centre and (ii) all children born in Switzerland?
Methods: This cohort study compared the perinatal outcomes of two birth cohorts and the national live birth 
registry. Relative risks were calculated using modified Poisson regression and clustering for siblings and adjustment for 
maternal age, parity and childs sex.
Results: Of the 636,639 live births, 311 were in the Bern IVF Cohort (144 stimulated, 167 unstimulated), 2332 in the 
tertiary centre and 633,996 in the Swiss Live Birth Registry (SLBR). Perinatal outcomes following IVF did not differ 
compared with births in the SLBR (adjusted relative risk [aRR]; 95% confidence interval [CI]), with the exception of 
the increased risk of small for gestational age (1.31; 1.01 to 1.70, P = 0.04; aRR 1.12; 0.87 to 1.45, P = 0.39). Children 
born following stimulated IVF had a higher risk of low birthweight (2.17; 1.27 to 3.69, P < 0.01; aRR 1.72; 1.01 to 
2.93, P = 0.05), and of being small for gestational age (1.50; 1.05 to 2.14, P = 0.03; aRR 1.31; 0.92 to 1.87; P = 0.13), 
whereas children born after unstimulated IVF had no increased risks compared with the SLBR. Higher Caesarean rate 
after IVF was mainly associated with higher maternal age.
Conclusion: Singletons in the Bern IVF Cohort do not show less favourable perinatal outcomes. Gonadotrophin 
stimulation seems to have an effect, because lower risks were associated with unstimulated IVF.
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INTRODUCTION

I nfertility issues affect 8–12% 
of couples at reproductive age 
(Vander Borght and Wyns, 2018). 
In Switzerland, 2–2.5% of newborns 

are conceived with the support of IVF 
technologies (Federal Statistical Office, 
https://www.bfs.admin.ch/bfs/en/home/
statistics/health/state-health/reproductive-
health/assisted-reproductive-technology.
html). Higher risk of unfavourable 
perinatal outcomes in singletons born 
after IVF, such as reduced gestational 
age and birthweight as well as preterm 
birth (PTB), low birthweight (LBW) 
and small for gestational age (SGA), 
have been confirmed by several meta-
analyses (Pandey et al., 2012). For PTB, 
the relative risk (RR) after IVF compared 
with naturally conceived singletons was 
between 1.54 and 1.84 (Pandey et al., 
2012), and the odds ratio (OR) was 1.55 
(Pinborg et al., 2013). Over time, risks 
have been reduced by the development 
of IVF methods and the rising awareness 
of safer treatments such as antagonist 
protocols or lower gonadotrophin 
dosages (Henningsen and Pinborg, 2014; 
Henningsen et al., 2015) and it remains 
important to assess perinatal outcomes 
of more recent cohorts (Berntsen et al., 
2019). Many factors related to IVF may 
be associated with adverse perinatal 
outcomes (Pontesilli et al., 2021). 
Gonadotrophin stimulation appears to 
increase the risk of LBW (Mak et al., 
2016) or of being born SGA, especially 
when supraphysiological oestradiol 
concentrations are reached at trigger 
day (Kohl Schwartz et al., 2019) or when 
many oocytes are collected (Sunkara 
et al., 2015). Gonadotrophin stimulation 
also bears higher risks for the mother 
for ovarian hyperstimulation syndrome, 
pregnancy-induced hypertension and 
gestational diabetes mellitus, and 
appears to be independently associated 
with preterm delivery (Pandey et al., 
2012). Otherwise, singletons resulting 
from thawing cycles show significantly 
lower risks for PTB and LBW but 
higher risks for large for gestational 
age and high birthweight (Conforti 
et al., 2021; Maheshwari et al., 2018; 
Pontesilli et al., 2021). By postponing 
the embryo transfer in thawing cycles, 
the gonadotrophins do not directly 
affect the pregnancy (Asserhøj et al., 
2021). Epigenetic changes are triggered 
and DNA methylation is influenced by 
embryo culture, cryopreservation and 
laboratory techniques (Berntsen et al., 

2019; Pinborg et al., 2016). In addition, 
age, health and parental subfertility 
are associated with higher perinatal 
risks. The association of longer time 
to pregnancy, a proxy for subfertility, 
with PTB (Messerlian et al., 2013) 
was confirmed by a meta-analysis. In 
studies with discordantly conceived 
siblings, differences in birthweight were 
less pronounced (Goisis et al., 2019; 
Henningsen et al., 2011) or were not 
present (Romundstad et al., 2008); this 
leads to the conclusion that underlying 
infertility also plays a role. Caesarean 
section is more frequent in deliveries 
after IVF, with an increased RR of 
1.54–1.58 (Pandey et al., 2012).

The Bern IVF Cohort was established to 
assess obstetric, perinatal and long-term 
outcomes of children born after different 
types of IVF treatments (stimulated 
and unstimulated), performed in one 
centre with standardized laboratory and 
embryo culture conditions. Unstimulated, 
natural cycle IVF (NC-IVF) is based 
on the concept of natural follicular 
recruitment and the selection of one 
oocyte whereas in gonadotrophin-
stimulated IVF (sIVF), polyfollicular 
oocyte growth is common (von Wolff, 
2019). NC-IVF can serve as a model for 
natural ovulatory development and the 
comparison to sIVF allows assessment of 
the effect of gonadotrophin stimulation 
on perinatal outcomes (Kohl Schwartz 
et al., 2019). The aim of this study was 
first, to compare perinatal outcomes of 
the Bern IVF Cohort with outcomes in 
(i) a cohort of births in a tertiary centre 
(Bern University Hospital: the Obstetrics 
Data Study [ODS]), and (ii) all children 
born in Switzerland during the same 
period (Swiss Live Birth Registry [SLBR]); 
and second, to address the effect of 
gonadotrophin stimulation by comparing 
sIVF and NC-IVF to the children born in 
Switzerland registered in the SLBR.

MATERIALS AND METHODS

The Bern IVF Cohort
The Bern IVF Cohort includes couples 
treated in the Division of Gynaecological 
Endocrinology and Reproductive 
Medicine at the University Hospital of 
Bern with a pregnancy following fresh 
embryo transfer within IVF treatment. 
Data were collected using research 
electronic data capture (REDCap) tools 
at the Clinical Trials Unit, University of 
Bern. REDCap is a secure, web-based 
platform designed to support data 

collection for research (Harris et al., 
2009, 2019). All women, independent 
of any health condition, with a birth 
between November 2010 and August 
2018 were included (n = 349). Women 
with incomplete data on gestational age 
and birthweight (n = 2), with multiple 
births (n = 33) and in case of perinatal 
death (n = 3) were excluded (FIGURE 1).

The Obstetrics Data Study (ODS)
In the ODS of the Department of 
Obstetrics and Gynaecology at the 
University Hospital of Bern a cohort 
of women were recruited during their 
first trimester routine ultrasound visit 
and followed until delivery. This study 
collected data on mode of conception, 
pregnancy and delivery, and women with 
a singleton born alive were included in 
the analysis. All women, independent 
of pre-existing chronic conditions or 
disorders, were included (n = 3014). 
Only women treated by IVF, ovarian 
stimulation or insemination (n = 255), 
miscarriages, perinatal deaths (n = 55), 
women who refused further use of their 
medical data for research (n = 354) 
and cases with missing information on 
gestational age or birthweight (n = 18) 
were excluded from analysis (FIGURE 1).

The Swiss Live Birth Registry (SLBR)
The SLBR of the Federal Statistical 
Office collects routine data for all 
infants born alive in Switzerland. Only 
core information for mothers (age, 
nationality, profession, parity) and infants 
(gestational age, birthweight, length, 
sex, siblings) was collected; no medical 
data on the health of the mother, the 
newborn or information on conception, 
the course of the pregnancy and delivery 
were available. All live births registered 
between November 2010 and August 
2018 were included (n = 669,390). Births 
with missing valid identifiers (n = 6942), 
multiple births (n = 24,472), a gestational 
age below 22 weeks or birthweight below 
500 g (n = 541), mother's age above 45 
years at delivery (n = 960) and missing 
information on gestational age and 
birthweight (n = 2479) were excluded 
from the analysis. The gestational age of 
22 weeks is according to Swiss legislation 
on differentiating between miscarriage 
and stillbirth.

IVF treatment in the Bern IVF Cohort
Women with regular menstrual cycles 
(26–32 days) could choose the treatment 
according to their preference, as 
NC-IVF requires a regular cycle. In 
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FIGURE 1  Description of sample selection by population. sIVF = stimulated IVF; NC-IVF = unstimulated, natural cycle IVF.

women undergoing NC-IVF, the cycles 
were monitored by ultrasound and 
measurement of oestradiol and Luteinizing 
hormone (LH). When follicle diameter 
reached at least 16 mm and oestradiol 
was ≥700 pmol/l, the women received a 
trigger shot of 5000 IU human chorionic 
gonadotrophin (HCG) to induce ovulation. 
Oocyte retrieval took place 36 h later 
without anaesthesia (Kohl Schwartz et al., 
2020a). To reduce the risk of premature 
ovulation, either 25 mg clomiphene citrate 
from cycle day 7 onwards (von Wolff 
et al., 2014) or 400 mg ibuprofen three 
times daily beginning 48 h before oocyte 
retrieval was taken by the woman (Kohl 
Schwartz et al., 2020b).

For sIVF, 75–350 IU gonadotrophin per 
day were administered and either an 
antagonist or an agonist (short or long 
down-regulation) protocol was performed. 

In sIVF treatment, the stimulation was 
monitored by ultrasound and serum 
oestradiol concentration measurements. 
When more than two of the leading 
follicles reached a diameter of at least 
18 mm with corresponding oestradiol 
concentration, ovulation was triggered by 
injecting HCG by the women themselves. 
Oocytes were retrieved 36 h later under 
conscious sedation (Al-Inany et al., 2016; 
Kolibianakis et al., 2006).

Oocytes were fertilized by standard 
intracytoplasmic sperm injection (ICSI) 
or IVF. Consistent standard conditions 
for embryo culture applied to both 
groups. Fresh embryos were transferred 
at cleavage stage on culture day 2 or 3 
with ultrasound guidance. The women 
received luteal phase support with up 
to 200 mg micronized progesterone 
administered twice daily if necessary 

(von Wolff et al., 2017). Switzerland did 
not allow longer embryo culture before 
2017 and supernumerary zygotes were 
vitrified.

Main outcomes
All three datasets provided information 
on primary outcomes, birthweight and 
gestational age. Birthweight percentiles 
were calculated for each live-born 
singleton according to the formula 
provided by Nicolaides et al. (2018). Data 
on birth length were available in the Bern 
IVF Cohort and the SLBR. Delivery mode 
was compared between the Bern IVF 
Cohort and the ODS. Caesarean section 
is defined as secondary if labour had 
already started (presence of contractions, 
bleeding or rupture of membranes). 
The reasons for Caesarean section 
were categorized into maternal, fetal or 
emergency (see Supplementary Table 1).
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Covariates
Information on maternal age at delivery 
(continuous), parity (primiparous versus 
multiparous) and fetal sex was available 
in all datasets. Additional information 
from the Bern IVF Cohort and the ODS 
on smoking during pregnancy (yes or no) 
and on maternal body mass index (BMI 
as kg/m2, continuous) measured in early 
pregnancy were used.

Statistical analyses
First, primary perinatal outcomes were 
compared, and second, the mode of 
delivery and reasons for Caesarean 
section were described. To compare the 
three datasets, adjustments were made 
for maternal age, parity and childs sex 
(Model I). For the comparison between 
the Bern IVF Cohort and the ODS, 
adjustments were additionally made 
for maternal BMI and smoking during 
pregnancy (Model II).

Continuous outcomes such as 
birthweight, gestational age, length and 
birthweight percentiles were assessed 
using uni- and multivariable linear 
regression. For associations with binary 
outcomes such as LBW (<2500 g), PTB 
(<37 gestational weeks), SGA (<10th 
percentile) and Caesarean section, 
modified Poisson regression was used, 

reporting RR and 95% CI (Zou, 2004). 
To account for singletons born to the 
same mother, maternal identifiers were 
used as cluster-robust variance estimates. 
To assess the impact of gonadotrophin 
stimulation, singletons born after sIVF 
were compared with those born after 
NC-IVF, but both subgroups were also 
compared with the SLBR. The proportion 
of missing data was very low: in the 
Bern IVF Cohort, two participants 
were lost to follow-up (<0.01%); in the 
ODS, 18 (<0.1%) and in the SLBR, 2479 
(<0.005%) were excluded due to missing 
data on birthweight or gestational age 
(FIGURE 1). Interpretation of birthweight 
as an outcome has been the subject 
of debate, as it correlates closely with 
gestational age. Perinatal epidemiologists 
recommend not to adjust birthweight 
for gestational age, but rather to assess 
birthweight in singletons born at term 
(≥37 gestational weeks) separately, which 
was done for the sensitivity analysis 
(Wilcox, 2001). A P-value <0.05 was 
considered to be statistically significant. 
STATA 16.0 (StataCorp LP, College 
Station, TX, USA) was used.

Ethical approval
The Bern IVF Cohort and the 
comparison with other cohorts (KEK 
Bern, 2015-00235, last amendment 

August 2018) and the ODS study 
(KEK Bern, 2019-01828, June 2020) 
were approved by the cantonal ethics 
committee.

RESULTS

The analysis included 636,639 deliveries. 
FIGURE 1 presents the exclusions and the 
final study populations: the Bern IVF 
Cohort (n = 311), the tertiary centre ODS 
(n = 2332) and the SLBR (n = 633,996). 
Mothers in the Bern IVF Cohort were 
on average 3.6 years (95% CI 3.2 to 4.1 
years) older and more often primiparous 
than non-IVF mothers; and compared 
with the ODS, they smoked less and had 
a lower BMI (TABLE 1).

Gestational age and birthweight
Mean gestational age was comparable 
in the Bern IVF Cohort and the SLBR 
singletons but lower in the ODS singletons 
(P < 0.001) (TABLE 2). Singletons in the Bern 
IVF Cohort and the SLBR had comparable 
risks for PTB, which were higher for 
ODS singletons (P = 0.03) (TABLE 3). The 
unadjusted mean birthweight was lower 
in the Bern IVF Cohort than in the SLBR, 
but this difference disappeared when the 
comparison was restricted to children 
born at term or after adjustment (TABLE 2). 
All covariates of Model I were strongly 

TABLE 1  BASELINE CHARACTERISTICS BY POPULATION

Characteristic Bern IVF Cohort (n = 311) Obstetric Data Study (n = 2332) Swiss Live Birth Registry (n = 633,996)

Maternal age at delivery (years, 
mean ± SD)

35.0 ± 4.0 31.3 ± 5.3 31.4 ± 5.0

Maternal parity

  Primiparous 237 (76.2) 1134 (48.6) 312,292 (49.3)

  Multiparous 74 (23.8) 1198 (51.4) 321,704 (50.7)

Maternal BMI (kg/m2)

  <18.5 21 (6.8) 102 (4.4) N/A

  18.5–24.9 224 (72.0) 1419 (60.8) N/A

  25–29.9 51 (16.4) 517 (22.2) N/A

  ≥30 12 (3.9) 294 (12.6) N/A

  Missing 3 (1.0) 0 (0.0) N/A

Smoking during pregnancy

  No 272 (87.5) 2128 (91.3) N/A

  Yes 11 (3.5) 204 (8.7) N/A

  Missing 28 (9.0) 0 (0.0) N/A

Sex of child

  Male 165 (53.1) 1186 (50.9) 326,020 (51.4)

  Female 146 (46.9) 1145 (49.1) 307,976 (48.6)

  Missing 0 (0.0) 1 (0.04) 0 (0.0)

Data are presented as n (%) unless otherwise stated.

BMI = body mass index, measured before or during first trimester of pregnancy; N/A = not available.
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associated with birthweight and explained 
most of the difference between the Bern 
IVF Cohort and the SLBR: maternal age 
per year increase (–3.0 g, 95% CI –3.4 
to –2.8; P < 0.001); multiparity (139.1 g, 
95% CI 136.7 to 141.5; P < 0.001) and 
male sex (132.7 g, 95% CI 130.3 to 135.2; 
P < 0.001).

Birthweight percentile
The mean birthweight percentiles did not 
differ but were below the 50th percentile 
for all three cohorts (TABLE 2). The Bern 
IVF Cohort and the ODS singletons had 
an increased risk of being born SGA 
compared with the SLBR (TABLE 3). When 
limited to children born at term, the risk 
for SGA was not statistically different for 
ODS singletons (RR 1.07, 95% CI 0.95 to 
1.20; P = 0.24) and IVF singletons (RR 
1.27, 95% CI 0.96 to 1.70; P = 0.10), both 
compared with SLBR.

Mode of delivery
Despite a higher prevalence of risk 
factors in the ODS women, mothers 

in the Bern IVF Cohort delivered 
significantly more often by Caesarean 
section (42.1% versus 36.0%; P = 0.03; 
RR 1.17, 95% CI 1.01 to 1.36; P = 0.04) 
(TABLE 5). This association disappeared 
after adjustment (Model I and Model 
II): maternal age (aRR 1.03, 95% CI 1.02 
to 1.04; P < 0.001) and sex of the child 
(aRR for girls 0.86, 95% CI 0.78 to 0.96; 
P = 0.005) were associated, but parity 
(multiparous: aRR 0.96, 95% CI 0.87 to 
1.06; P = 0.43) and smoking (aRR 1.00, 
95% CI 1.00 to 1.01; P = 0.59) were 
not. Primary Caesarean section was 
more frequent in the Bern IVF Cohort 
(TABLE 5). Delivery by Caesarean section 
was significantly associated with PTB 
(P = 0.004) and with LBW (P < 0.001) 
and, when restricted to term births, with 
LBW (P < 0.001) in conditional analysis 
(Model I).

Comparison between stimulated sIVF 
and unstimulated NC-IVF
Gestational age and birthweight or risk 
for LBW and SGA did not differ between 

singletons born after sIVF and NC-IVF 
(TABLE 4). Gestational age of either sIVF 
or NC-IVF did not differ compared 
with births registered in the SLBR. 
Birthweight of children born after sIVF 
was on average 114 g lower (95% CI –212 
to –17 g; P = 0.02) compared with the 
SLBR, but in children born after NC-IVF 
it was similar (–13 g, 95% CI –92 to 65 g; 
P = 0.74). This difference was attenuated 
in children born at term (sIVF –82 g, 95% 
CI –167 to 4 g; P = 0.06; NC-IVF: –17 g, 
95% CI –88 to 53 g; P = 0.63) or after 
adjustment in Model I (Supplementary 
Table 2). sIVF was also associated with 
higher risks of being born with LBW or 
SGA, whereas children after NC-IVF had 
no increased risks compared to the SLBR 
(TABLE 4).

DISCUSSION

In comparison to single births in the 
SLBR, singletons of the Bern IVF Cohort 
showed no differences in gestational 
age and birthweight percentiles and 

TABLE 2  BIRTHWEIGHT, HEIGHT AT BIRTH, GESTATIONAL AGE AND BIRTHWEIGHT PERCENTILE BY POPULATION

Cases (n, %) Crudea (95% CI) P-value Adjustedb (95% CI) 
Model I

P-value Adjustedc (95% CI) 
Model II

P-value

Birthweight (g)

IVF 311 (100) 3270 (3208, 3333) 0.06 3448 (3387, 3510) 0.68 3438 (3348, 3528) 0.32

ODS 2332 (100) 3280 (3258, 3301) <0.001 3410 (3389, 3432) <0.001 3402 (3336, 3469) Ref

SLBR 633,996 (100) 3330 (3329, 3332) Ref 3461 (3457, 3465) Ref N/A

Birthweight at term (at least 37 gestational weeks)

IVF 291 (93.6) 3336 (3280, 3391) 0.10 3534 (3480, 3588) 0.87 3509 (3432, 3586) 0.36

ODS 2186 (93.7) 3344 (3325, 3365) <0.001 3500 (3481,3519) <0.001 3480 (3422, 3537) Ref

SLBR 600,701 (94.8) 3382 (3381, 3384) Ref 3538 (3535, 3542) Ref N/A

Height at birth (cm)d

IVF 302 (97.1) 49.41 (49.09, 49.73) 0.45 50.41 (50.09, 50.72) 0.76 N/A na

SLBR 633,945 (99.99) 49.54 (49.53, 49.55) Ref 50.45 (50.43, 50.48) Ref N/A na

Gestational age (days)

IVF 311 (100) 275.33 (273.94, 276.72) 0.29 274.53 (273.14, 275.93) 0.22 275.67 (273.56, 277.78) 0.71

ODS 2332 (100) 274.96 (274.45, 275.46) <0.001 274.28 (273.77, 274.79) <0.001 275.97 (274.39, 277.55) Ref

SLBR 633,996 (100) 276.08 (276.05, 276.11) Ref 275.41 (275.31, 275.51) Ref N/A

Birthweight percentilee

IVF 311 (100) 45.51 (42.15, 48.86) 0.30 N/A N/A N/A N/A

ODS 2332 (100) 45.43 (44.23, 46.62) 0.003 N/A N/A N/A N/A

SLBR 633,996 (100) 47.27 (47.19, 47.35) Ref N/A Ref N/A N/A
a  Crude measures reflect the average outcome of a child born to a mother aged 30 at delivery.
b  Adjusted for: maternal age at delivery (years); maternal parity (primiparous versus multiparous), and sex of child. Average reflects a primiparous mother of age 30 years 
with a male child.
c  Adjusted for: maternal age at delivery (years), BMI (kg/m2) and parity (primiparous versus multiparous), sex of child, smoking during pregnancy (yes versus no). Average 
reflects a non-smoking, primiparous mother of age 30 years with BMI 20, having a male child.
d  No data available about height at birth, was not collected in ODS.
e  Birthweight percentiles according to Nicolaides et al. (2018); standardization of birthweight adjusted for gestational age.
BMI = body mass index; CI = confidence interval; IVF = Bern IVF Cohort; N/A = not available; ODS = Obstetric Data Study; SLBR = Swiss Live Birth Registry.



694	 RBMO  VOLUME 44  ISSUE 4  2022

TABLE 3  RELATIVE RISK FOR PRETERM BIRTH, LOW BIRTHWEIGHT AND SMALL FOR GESTATIONAL AGE BY 
POPULATION

Cases (n, %) RR (95% CI) P-value Adjusteda RR 
(95% CI) Model I

P-value Adjustedb RR 
(95% CI) Model II

P-value

Low birthweight (<2500 g)

IVF 20 (6.4) 1.43 (0.92, 2.24) 0.11 1.14 (0.73, 1.79) 0.56 0.90 (0.53, 1.53) 0.71

ODS 135 (5.8) 1.29 (1.09, 1.52) 0.002 1.29 (1.10, 1.53) 0.002 1.00 (reference) Ref

SLBR 28,446 (4.5) 1.00 (reference) Ref 1.00 (reference) Ref N/A N/A

Low birthweight in term-born children (at least 37 gestational weeks)

IVF 9 (3.1) 1.64 (0.81, 3.34) 0.17 1.29 (0.64, 2.63) 0.22 1.16 (0.51, 2.68) 0.78

ODS 49 (2.2) 1.19 (0.90, 1.57) 0.22 1.19 (0.90, 1.57) 0.48 1.00 (reference) Ref

SLBR 11,327 (1.9) 1.00 (reference) Ref 1.00 (reference) Ref N/A N/A

Preterm birth (<37 gestational weeks)

IVF 20 (6.4) 1.22 (0.80, 1.87) 0.35 1.02 (0.67, 1.55) 0.94 0.95 (0.57, 1.60) 0.85

ODS 146 (6.3) 1.19 (1.02, 1.40) 0.03 1.20 (1.02, 1.40) 0.03 1.00 (reference) Ref

SLBR 33,295 (5.3) 1.00 (reference) Ref 1.00 (reference) Ref N/A N/A

Small for gestational age (<10th birthweight percentile)

IVF 49 (15.8) 1.31 (1.01, 1.70) 0.04 1.12 (0.87, 1.45) 0.39 1.01 (0.75, 1.36) 0.95

ODS 313 (13.4) 1.11 (1.00, 1.24) 0.04 1.12 (1.01, 1.45) 0.04 1.00 (reference) Ref

SLBR 76,434 (12.1) 1.00 (reference) Ref 1.00 (reference) Ref N/A N/A
a  Adjusted for: maternal age at delivery (years); maternal parity (primiparous versus multiparous) and sex of child.
b  Adjusted for: maternal age at delivery (years), BMI (kg/m2) and parity (primiparous versus multiparous); sex of child, smoking during pregnancy (yes versus no).
BMI = body mass index; CI = confidence interval; IVF = Bern IVF Cohort; N/A = not available; ODS = Obstetric Data Study; SLBR = Swiss Live Birth Registry.

no increased risks for LBW or PTB. On 
the other hand, they showed a lower 
mean birthweight and a higher risk for 
SGA. There were no differences in the 

Bern IVF Cohort in comparison with 
the ODS. IVF mothers were older and 
more often primiparous. Gonadotrophin 
stimulation influenced birthweight and 

intrauterine growth: singletons born 
after sIVF had a lower mean birthweight 
and increased risks of LBW and of being 
SGA compared with the SLBR, whereas 

TABLE 4  RELATIVE RISK FOR PRETERM BIRTH, LOW BIRTHWEIGHT AND SMALL FOR GESTATIONAL AGE IN STIMULATED 
(sIVF) AND UNSTIMULATED IVF (NC-IVF)

Cases (n, %) Unadjusted RR 
(95% CI)

P-value Adjusteda RR 
(95% CI) Model I

P-value Adjustedb RR 
(95% CI) Model II

P-value

Low birthweight (<2500 g)

sIVF 14 (9.7) 2.17 (1.27, 3.69) 0.004 1.72 (1.01, 2.93) 0.05 2.61 (1.02, 6.72) 0.046

NC-IVF 6 (3.6) 0.80 (0.36, 1.76) 0.58 0.64 (0.29, 1.41) 0.27 1.00 (reference) Ref

SLBR 28,446 (4.5) 1.00 (reference) Ref 1.00 (reference) Ref N/A N/A

Low birthweight in term-borns (at least 37 gestational weeks)

sIVF 6 (4.5) 2.39 (0.97, 5.88) 0.06 1.92 (0.78, 4.72) 0.15 2.64 (0.59, 11.87) 0.21

NC-IVF 3 (1.9) 1.01 (0.33, 3.09) 0.99 0.78 (0.25, 2.41) 0.67 1.00 (reference) Ref

SLBR 11,327 (1.9) 1.00 (reference) Ref 1.00 (reference) Ref N/A N/A

Preterm birth (<37 gestational weeks)

sIVF 11 (7.6) 1.45 (0.82, 2.57) 0.20 1.18 (0.67, 2.08) 0.57 1.21 (0.51, 2.87) 0.66

NC-IVF 9 (5.4) 1.03 (0.54, 1.94) 0.94 0.87 (0.46, 1.64) 0.67 1.00 (reference) Ref

SLBR 33,295 (5.3) 1.00 (reference) Ref 1.00 (reference) Ref N/A N/A

Small for gestational age (<10th birthweight percentile)

sIVF 26 (18.1) 1.50 (1.05, 2.14) 0.03 1.31 (0.92, 1.87) 0.13 1.28 (0.75, 2.17) 0.36

NC-IVF 23 (13.8) 1.14 (0.78, 1.67) 0.50 0.96 (0.66, 1.40) 0.84 1.00 (reference) Ref

SLBR 76,434 (12.1) 1.00 (reference) Ref 1.00 (reference) Ref N/A N/A
a  Adjusted for: maternal age at delivery (years); maternal parity (primiparous versus multiparous) and sex of child.
b  Adjusted for: maternal age at delivery (years) , BMI (kg/m2) and parity (primiparous versus multiparous); sex of child, smoking during pregnancy (yes versus no).
CI = confidence interval; N/A = not available; NC-IVF = natural (non-stimulated) IVF; RR = relative risk; sIVF = stimulated IVF; SLBR = Swiss Live Birth Registry.
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singletons born after NC-IVF were similar 
to SLBR singletons.

The strengths of this study are the 
detailed and complete information 
collected on conception, infertility 
treatment, course of pregnancy and 
perinatal outcomes in the Bern IVF 
Cohort. The study included the use 
of the population-based SLBR as 
comparison group and it contributes 
to the limited literature on perinatal 
outcomes of children born after NC-IVF.

The sample size of the Bern IVF Cohort 
is limited, which is why the focus is 
on the reporting of 95% CI for all 
comparisons. Characteristics of women 
choosing NC-IVF and of those choosing 
sIVF might be different. In Switzerland, 
IVF treatment is not subsidized; this 
impedes randomized controlled trials 
(von Wolff et al., 2019). The ODS data 
were collected in a tertiary centre with 
a neonatology unit, to which patients 
are referred in case of pregnancy 

complications or for second opinions. 
The ODS consists primarily of a high-risk 
population; selection bias is an issue. 
The SLBR includes all children born alive, 
independent of how long they survived 
after birth, and so it includes perinatal 
deaths occurring within the first week of 
life. The SLBR data include the deliveries 
in the Bern IVF Cohort and part of 
the deliveries in the ODS. Deliveries 
could not be linked in the cohorts 
to anonymised SLBR data to identify 
duplicates. The SLBR also contains 
pregnancies conceived after fertility 
treatment in Switzerland or abroad. 
However, the proportion of both cohorts 
compared with the SLBR is too small to 
affect mean outcome measures.

The different demographic characteristics 
of parents undergoing IVF (older 
age, lower parity) have been shown 
in other countries; it is possible that 
these characteristics reflect the shift to 
older childbearing age and the delay of 
diagnosis of parental infertility (Goisis 

et al., 2020). On the other hand, the 
IVF mothers in this study had fewer 
pregnancy complications and a healthier 
lifestyle compared with ODS mothers; 
this might positively affect perinatal 
outcomes (Avşar et al., 2021; Günther 
et al., 2021; Khashan and Kenny, 2009).

With regard to perinatal outcomes, 
the results of the current study are 
reassuring; findings of a previous meta-
analysis (Pandey et al., 2012) could not 
be confirmed. In this study, gestational 
age and birthweight percentiles were 
not lower and risks for PTB and LBW 
were not increased after IVF. A lower 
crude mean birthweight and an 
increased risk of SGA in IVF children 
(Kohl Schwartz et al., 2019) could only 
be confirmed in unadjusted analysis. 
PTB and intrauterine growth restriction 
both reduce birthweight and SGA is 
a consequence of intrauterine growth 
restriction, which sometimes requires 
induction of labour or Caesarean section. 
Also in this study, delivery by Caesarean 
section was associated with LBW and 
PTB. Maternal age and parity are other 
independent risk factors associated with 
perinatal outcomes. The current results 
are explained partly by the higher age 
and lower parity of IVF mothers (Lean 
et al., 2017). Intrauterine growth may 
be affected by IVF, but maternal factors 
seemed more important in this study. 
Endometrial receptivity (Bonagura et al., 
2008; Devroey et al., 2004) or vanishing 
twins are other possible explanations 
that could not be controlled for (Pinborg 
et al., 2007).

A separate study in Switzerland found 
that mainly regional differences influence 
birthweight; maternal age influenced 
gestational age, but surprisingly, regional 
differences in Caesarean section rates 
were not associated with differences 
in birthweight or gestational age 
(Skrivankova et al., 2019).

Birthweight percentiles below 50 were 
observed for all three populations. 
The birthweight percentiles used were 
based on children born in England 
and were not adjusted for sex of the 
infant (Nicolaides et al., 2018). They 
were not completely transferable to 
Swiss singletons. The lower birthweight 
percentiles of the Swiss cohorts may 
reflect a different distribution of parental 
characteristics. Birthweight percentiles 
developed in the USA specific for IVF 
singletons did find very little difference 

TABLE 5  PREGNANCY COMPLICATIONS AND DELIVERY MODE

Bern IVF Cohort 
(n = 311)

Obstetric Data Study 
(n = 2332)

Maternal hypertension during pregnancy

  No 310 (99.7) 2284 (97.9)

  Yes 1 (0.3) 48 (2.1)

Maternal gestational diabetes

  No 295 (94.9) 1901 (81.5)

  Yes 16 (5.1) 429 (18.4)

  Missing 0 (0.0) 2 (0.1)

Maternal pre-eclampsia

  No 306 (98.4) 2282 (97.9)

  Yes 5 (1.6) 50 (2.1)

Mode of delivery

  Vaginal spontaneous 138 (44.4) 1258 (53.9)

  Vaginal instrumental 42 (13.5) 235 (10.1)

  Caesarean section 131 (42.1) 838 (36.0)

  Missing 0 (0.0) 1 (0.04)

For women with Caesarean section only n = 131 n = 838

Type of Caesarean section

  Primary 68 (51.9) 402 (48.0)

  Secondary 61 (46.6) 433 (51.7)

  Missing 2 (1.5) 3 (0.4)

Reason for Caesarean section

  Maternal reason 61 (46.6) 511 (61.0)

  Fetal reason 62 (47.3) 299 (35.7)

  Emergency 4 (3.1) 24 (2.9)

  Missing 4 (3.1) 4 (0.5)



696	 RBMO  VOLUME 44  ISSUE 4  2022

from the US population standards 
(Dickey et al., 2016). The similar mean 
birthweight percentiles are reassuring for 
this IVF population.

Three cohort studies assessed the 
effect of gonadotrophin stimulation in 
comparison to NC-IVF. In a Japanese IVF 
registry study, data from 8224 singletons 
after fresh sIVF were compared with 610 
after NC-IVF. The adjusted odds ratios 
(aOR) for LBW were 1.60–1.72 for agonist 
and antagonist protocols (Nakashima 
et al., 2013). In an IVF registry study 
from the UK, data on 98,667 stimulated 
and 262 unstimulated fresh cycles were 
included and a trend towards higher 
odds was shown only for LBW (aOR 1.58, 
95% CI 0.96 to 2.58) and PTB (aOR 
1.43, 95% CI 0.91 to 2.26) (Sunkara 
et al., 2016). In a small US study with 
174 stimulated and 190 unstimulated IVF 
cycles, birthweight was reduced by 163 g; 
the proportion of LBW babies was 1.0% 
in NC-IVF and 8.6% in sIVF. This could 
be explained by a substantially higher 
proportion of very preterm deliveries 
(<32 gestational weeks) in the sIVF group 
(6.3 versus 0.5%) (Mak et al., 2016). A 
meta-analysis on NC-IVF showed an 
increased risk for PTB (RR 1.32, 95% CI 
1.05 to 1.66) but not for LBW (RR 2.98, 
95% CI 0.54 to 16.29) after stimulated 
IVF (Kamath et al., 2018). Decreased 
risks of PTB and LBW following the 
transfer of frozen embryos could not only 
be related to cryopreservation, but to the 
fact that no gonadotrophins are used in 
the cycle before the transfer (Conforti 
et al., 2021). Research comparing fresh 
NC-IVF with natural thawing cycles could 
shed more light on the specific impact of 
cryopreservation on perinatal outcomes.

In the current study, lower mean 
birthweight, reduced gestational age or 
higher risks for PTB and LBW in sIVF 
compared with NC-IVF were not found. 
However, lower birthweight and higher 
risks for LBW and SGA in the sIVF births 
compared with the SLBR were identified, 
whereas the perinatal outcomes of NC-
IVF were similar to the SLBR. The risk of 
LBW remained higher after adjustment 
(TABLE 4, Model I), but the risk of SGA 
was attenuated. It can be concluded that 
sIVF seems to be associated with slightly 
higher risks; maternal age and parity 
can only partially explain it. However, 
the risk difference is much lower in 
this study than in other studies (Mak 
et al., 2016). The gonadotrophin dosage 
and the individual ovarian response 

seem to be associated with birthweight 
and SGA (Pereira et al., 2015, 2017). 
Superovulation and supraphysiological 
oestradiol concentrations are both 
associated with adverse outcomes, as 
they risk affecting the endometrium, 
implantation, placentation and 
intrauterine growth disproportionately 
more (Sunkara et al., 2015). An impact 
on the expression of endometrial genes 
was shown by an analysis of endometrial 
biopsy tissue in sIVF and NC-IVF women, 
which is critical to tissue remodelling 
and placentation (Senapati et al., 2018). 
Another explanation might be the 
healthier lifestyle of the mothers in the 
Bern IVF Cohort.

Several studies have reported higher 
rates of Caesarean section or assisted 
vaginal delivery in IVF children (Pandey 
et al., 2012). A higher risk of operative 
and assisted vaginal delivery in term 
births of IVF pregnancies was reported 
by an Italian study, despite the absence 
of risk factors, but fewer prolonged 
labours (Vannuccini et al., 2018). The 
highest Caesarean rates in IVF term 
singletons were reported by an Australian 
birth register study (Sullivan et al., 2010). 
Conception by IVF seemed to influence 
the decisions of the gynaecologists 
and parents regarding pregnancy 
follow-up, diagnostic interventions 
and delivery mode, as concluded by 
both studies. Pregnancies after IVF 
are often followed up more closely 
and are subject to more diagnostic 
interventions; this may possibly lead 
to primary Caesarean section (Srebnik 
et al., 2013). This phenomenon was 
referred to as the ‘precious baby effect’ 
(Minkoff and Berkowitz, 2005). In an 
American study, a higher incidence of 
pregnancy complications and higher 
maternal age were the main reasons 
for increased Caesarean section rates 
after IVF. Subfertile women also had a 
higher Caesarean section rate than fertile 
women did. Maternal age, subfertility and 
associated underlying medical conditions 
were concluded to be responsible, 
rather than a different management 
or the ‘precious baby effect’ (Stern 
et al., 2018). In the current study, the 
higher rate of Caesarean section in IVF 
deliveries was not seen after adjustment 
for maternal age, parity and child sex. It 
is probable that different characteristics 
of IVF mothers were reflected by these 
data: this is not surprising, as the women 
in the ODS had a higher incidence of 
pregnancy complications and represent 

a high-risk population. However, the 
higher rate of primary Caesarean section 
in IVF women might be an indication 
for avoiding risk during delivery. The 
Caesarean section rates in the ODS and 
Bern IVF Cohort deliveries are higher 
than the 32% Caesarean section rate in 
Switzerland (Federal Statistical Office, 
https://www.bfs.admin.ch/bfs/de/home/
statistiken/kataloge-datenbanken/karten.
assetdetail.4262550.html). It should 
be noted that Caesarean section rates 
are also highly influenced by cultural 
perceptions and regional differences 
such as urbanization. Therefore, it is 
difficult to conclude whether pregnancies 
and deliveries are subject to necessary 
medical interventions or whether 
obstetricians and parents are especially 
careful in cases where it was challenging 
to achieve the pregnancy. But as delivery 
mode in primiparous women influences 
delivery mode in subsequent pregnancies 
and a Caesarean section also affects 
the success of further ART treatment, 
it would be especially important to 
avoid unnecessary Caesarean sections 
in primiparous, low-risk term IVF 
pregnancies (Vissers et al., 2020). 
Further studies on Caesarean section 
in pregnancies conceived by IVF or 
after a longer time to conception would 
contribute to the understanding of 
underlying factors.

Overall, children of the Bern IVF 
Cohort did not show impaired perinatal 
outcomes because of fertility treatment. 
However, the gonadotrophin stimulation 
might have an additional effect on 
intrauterine growth and birthweight. 
The risk for low birthweight and SGA 
was increased after stimulated IVF in 
the unadjusted analysis and the risk for 
low birthweight in the adjusted analysis 
in comparison to SLBR. An analysis 
that includes nationwide data on all IVF 
children would be important to verify 
these findings.

ACKNOWLEDGEMENTS

The authors thank the following for 
data collection and entry for the Bern 
IVF Cohort data: Marlene Berchtold, 
Lena Bommer, Flavia Grädel, Ursina 
Küng, Mirja Minger, Maria Paulsson, 
Livia Purtschert and Daniela Steiner. 
For the ODS: Myoori Wijayasingham, 
and Jeremy Koch of the Insel Data 
Science Centre and for consulting on 
the SLBR data: Dominik Ullmann and the 



	 RBMO  VOLUME 44  ISSUE 4  2022� 697

Federal Statistical Office. For statistical 
consultation, we thank Mike Mitter.

The work of VRM was funded by an 
unrestricted grant from IBSA Institute 
Biochimique SA, Switzerland and the 
Swiss National Science Foundation (Early 
Postdoc Mobility Grant P2BEP3-191798) 
and partly by the Research Council of 
Norway through its Centres of Excellence 
funding scheme, project number 262700. 
The Bern IVF Cohort was supported 
by an independent medical grant 
form Merck (Switzerland) AG, Zug, 
Switzerland. The funding bodies did not 
have any role in designing or conducting 
the study or in preparing the manuscript.

SUPPLEMENTARY MATERIALS

Supplementary material associated with 
this article can be found, in the online 
version, at doi:10.1016/j.rbmo.2021.12.007.

REFERENCES

Al-Inany, H.G., Youssef, M.A., Ayeleke, R.O., 
Brown, J., Lam, W.S., Broekmans, F.J. 
Gonadotrophin-releasing hormone 
antagonists for assisted reproductive 
technology. Cochrane Database Syst. Rev. 
2016; 2016CD001750. doi:10.1002/14651858.
CD001750.pub4

Asserhøj, L.L., Spangmose, A.L., Aaris Henningsen, 
A.K., Clausen, T.D., Ziebe, S., Jensen, R.B., 
Pinborg, A. Adverse obstetric and perinatal 
outcomes in 1,136 singleton pregnancies 
conceived after programmed frozen embryo 
transfer (FET) compared with natural 
cycle FET. Fertil. Steril. 2021; 115: 947–956. 
doi:10.1016/j.fertnstert.2020.10.039

Avşar, T.S., McLeod, H., Jackson, L. Health 
outcomes of smoking during pregnancy and 
the postpartum period: an umbrella review. 
BMC Pregnancy Childbirth 2021; 21: 254. 
doi:10.1186/s12884-021-03729-1

Berntsen, S., Söderström-Anttila, V., Wennerholm, 
U.-B., Laivuori, H., Loft, A., Oldereid, N.B., 
Bente Romundstad, L., Bergh, C., Pinborg, A. 
The health of children conceived by ART: ‘the 
chicken or the egg? Hum. Reprod. Update 
2019; 25: 137–158. doi:10.1093/humupd/dmz001

Bonagura, T.W., Pepe, G.J., Enders, A.C., Albrecht, 
E.D. Suppression of extravillous trophoblast 
vascular endothelial growth factor expression 
and uterine spiral artery invasion by estrogen 
during early baboon pregnancy. Endocrinology 
2008; 149: 5078–5087. doi:10.1210/en.2008-0116

Conforti, A., Picarelli, S., Carbone, L., La Marca, 
A., Venturella, R., Vaiarelli, A., Cimadomo, 
D., Zullo, F., Rienzi, L., Ubaldi, F.M., Alviggi, 
C. Perinatal and obstetric outcomes in 
singleton pregnancies following fresh versus 
cryopreserved blastocyst transfer: a meta-
analysis. Reprod. Biomed. Online 2021; 42: 
401–412. doi:10.1016/j.rbmo.2020.09.029

Devroey, P., Bourgain, C., Macklon, N.S., 
Fauser, B.C.J.M. Reproductive biology and 
IVF: ovarian stimulation and endometrial 
receptivity. Trends Endocrinol. Metab. 2004; 
15: 84–90. doi:10.1016/j.tem.2004.01.009

Dickey, R.P., Xiong, X., Pridjian, G., Klempel, M.C. 
Singleton birthweight by gestational age 
following in vitro fertilization in the United 
States. Am. J. Obstet. Gynecol. 2016; 214. 
doi:10.1016/j.ajog.2015.08.008

Goisis, A., Håberg, S.E., Hanevik, H.I., Magnus, 
M.C., Kravdal, Ø. The demographics of 
assisted reproductive technology births in 
a Nordic country. Hum. Reprod. 2020; 35: 
1441–1450. doi:10.1093/humrep/deaa055

Goisis, A., Remes, H., Martikainen, P., Klemetti, R., 
Myrskylä, M. Medically assisted reproduction 
and birth outcomes: a within-family analysis 
using Finnish population registers. Lancet 
2019; 393: 1225–1232. doi:10.1016/S0140-
6736(18)31863-4

Günther, V., Alkatout, I., Vollmer, C., Maass, N., 
Strauss, A., Voigt, M. Impact of nicotine and 
maternal BMI on fetal birth weight. BMC 
Pregnancy Childbirth 2021; 21: 127. doi:10.1186/
s12884-021-03593-z

Harris, P.A., Taylor, R., Minor, B.L., Elliott, V., 
Fernandez, M., O'Neal, L., McLeod, L., 
Delacqua, G., Delacqua, F., Kirby, J., Duda, 
S.N. The REDCap consortium: building an 
international community of software platform 
partners. J. Biomed. Inform. 2019; 95103208. 
doi:10.1016/j.jbi.2019.103208

Harris, P.A., Taylor, R., Thielke, R., Payne, J., 
Gonzalez, N., Conde, J.G. Research electronic 
data capture (REDCap) – a metadata-driven 
methodology and workflow process for 
providing translational research informatics 
support. J. Biomed. Inform. 2009; 42: 377–381. 
doi:10.1016/J.JBI.2008.08.010

Henningsen, A.A., Gissler, M., Skjaerven, R., 
Bergh, C., Tiitinen, A., Romundstad, L.B., 
Wennerholm, U.B., Lidegaard, O., Andersen, 
A.N., Forman, J.L., Pinborg, A. Trends in 
perinatal health after assisted reproduction: 
a Nordic study from the CoNARTaS group. 
Hum. Reprod. 2015; 30: 710–716. doi:10.1093/
humrep/deu345

Henningsen, A.K.A., Pinborg, A. Birth and 
perinatal outcomes and complications for 
babies conceived following ART. Semin. Fetal 
Neonatal Med. 2014; 19: 234–238. doi:10.1016/j.
siny.2014.04.001

Henningsen, A.K.A., Pinborg, A., Lidegaard, Ø., 
Vestergaard, C., Forman, J.L., Andersen, A.N. 
Perinatal outcome of singleton siblings born 
after assisted reproductive technology and 
spontaneous conception: Danish national 
sibling-cohort study. Fertil. Steril. 2011; 95: 
959–963. doi:10.1016/j.fertnstert.2010.07.1075

Kamath, M.S., Kirubakaran, R., Mascarenhas, 
M., Sunkara, S.K. Perinatal outcomes after 
stimulated versus natural cycle IVF: a 
systematic review and meta-analysis. Reprod. 
Biomed. Online 2018; 36: 94–101. doi:10.1016/j.
rbmo.2017.09.009

Khashan, A.S., Kenny, L.C. The effects of 
maternal body mass index on pregnancy 
outcome. Eur. J. Epidemiol. 2009; 24: 697–705. 
doi:10.1007/s10654-009-9375-2

Kohl Schwartz, A.S., Burkard, S., Mitter, 
V.R., Leichtle, A.B., Fink, A., Von Wolff, M. 
Short-term application of ibuprofen before 
ovulation. Facts Views Vis. ObGyn. 2020b; 12: 
179–184

Kohl Schwartz, A.S., Calzaferri, I., Roumet, M., 
Limacher, A., Fink, A., Wueest, A., Weidlinger, 
S., Mitter, V.R., Leeners, B., Von Wolff, M. 
Follicular flushing leads to higher oocyte 
yield in monofollicular IVF: a randomized 
controlled trial. Hum. Reprod. 2020a; 35: 
2253–2261. doi:10.1093/humrep/deaa165

Kohl Schwartz, A.S., Mitter, V.R., Amylidi-Mohr, 
S., Fasel, P., Minger, M.A., Limoni, C., Zwahlen, 
M., Von Wolff, M. The greater incidence of 
small-for-gestational-age newborns after 
gonadotropin-stimulated in vitro fertilization 
with a supraphysiological estradiol level on 
ovulation trigger day. Acta Obstet. Gynecol. 
Scand. 2019; 98: 1575–1584. doi:10.1111/
aogs.13691

Kolibianakis, E.M., Collins, J., Tarlatzis, B.C., 
Devroey, P., Diedrich, K., Griesinger, G. Among 
patients treated for IVF with gonadotrophins 
and GnRH analogues, is the probability of 
live birth dependent on the type of analogue 
used? A systematic review and meta-analysis. 
Hum. Reprod. Update 2006; 12: 651–671. 
doi:10.1093/humupd/dml038

Lean, S.C., Derricott, H., Jones, R.L., Heazell, 
A.E.P. Advanced maternal age and adverse 
pregnancy outcomes: a systematic review and 
meta-analysis. PLoS One 2017; 12e0186287. 
doi:10.1371/journal.pone.0186287

Maheshwari, A., Pandey, S., Raja, E.A., Shetty, 
A., Hamilton, M., Bhattacharya, S. Is frozen 
embryo transfer better for mothers and 
babies? Can cumulative meta-analysis provide 

https://doi.org/10.1016/j.rbmo.2021.12.007
http://dx.doi.org/10.1002/14651858.CD001750.pub4
http://dx.doi.org/10.1002/14651858.CD001750.pub4
http://dx.doi.org/10.1016/j.fertnstert.2020.10.039
http://dx.doi.org/10.1186/s12884-021-03729-1
http://dx.doi.org/10.1093/humupd/dmz001
http://dx.doi.org/10.1210/en.2008-0116
http://dx.doi.org/10.1016/j.rbmo.2020.09.029
http://dx.doi.org/10.1016/j.tem.2004.01.009
http://dx.doi.org/10.1016/j.ajog.2015.08.008
http://dx.doi.org/10.1093/humrep/deaa055
http://dx.doi.org/10.1016/S0140-6736(18)31863-4
http://dx.doi.org/10.1016/S0140-6736(18)31863-4
http://dx.doi.org/10.1186/s12884-021-03593-z
http://dx.doi.org/10.1186/s12884-021-03593-z
http://dx.doi.org/10.1016/j.jbi.2019.103208
http://dx.doi.org/10.1016/J.JBI.2008.08.010
http://dx.doi.org/10.1093/humrep/deu345
http://dx.doi.org/10.1093/humrep/deu345
http://dx.doi.org/10.1016/j.siny.2014.04.001
http://dx.doi.org/10.1016/j.siny.2014.04.001
http://dx.doi.org/10.1016/j.fertnstert.2010.07.1075
http://dx.doi.org/10.1016/j.rbmo.2017.09.009
http://dx.doi.org/10.1016/j.rbmo.2017.09.009
http://dx.doi.org/10.1007/s10654-009-9375-2
http://refhub.elsevier.com/S1472-6483(21)00605-2/sbref0019
http://refhub.elsevier.com/S1472-6483(21)00605-2/sbref0019
http://refhub.elsevier.com/S1472-6483(21)00605-2/sbref0019
http://refhub.elsevier.com/S1472-6483(21)00605-2/sbref0019
http://refhub.elsevier.com/S1472-6483(21)00605-2/sbref0019
http://dx.doi.org/10.1093/humrep/deaa165
http://dx.doi.org/10.1111/aogs.13691
http://dx.doi.org/10.1111/aogs.13691
http://dx.doi.org/10.1093/humupd/dml038
http://dx.doi.org/10.1371/journal.pone.0186287


698	 RBMO  VOLUME 44  ISSUE 4  2022

a definitive answer? Hum. Reprod. Update 
2018; 24: 35–58. doi:10.1093/HUMUPD/
DMX031

Mak, W., Kondapalli, L.A., Celia, G., Gordon, J., 
DiMattina, M., Payson, M. Natural cycle IVF 
reduces the risk of low birthweight infants 
compared with conventional stimulated IVF. 
Hum. Reprod. 2016; 31: 789–794. doi:10.1093/
humrep/dew024

Messerlian, C., MacLagan, L., Basso, O. Infertility 
and the risk of adverse pregnancy outcomes: 
a systematic review and meta-analysis. Hum. 
Reprod. 2013; 28: 125–137. doi:10.1093/humrep/
des347

Minkoff, H.L., Berkowitz, R. The myth of 
the precious baby. Obstet. Gynecol. 
2005; 106: 607–609. doi:10.1097/01.
AOG.0000174585.08884.59

Nakashima, A., Araki, R., Tani, H., Ishihara, O., 
Kuwahara, A., Irahara, M., Yoshimura, Y., 
Kuramoto, T., Saito, H., Nakaza, A., Sakumoto, 
T. Implications of assisted reproductive 
technologies on term singleton birth weight: 
an analysis of 25,777 children in the national 
assisted reproduction registry of Japan. 
Fertil. Steril. 2013; 99: 450–455. doi:10.1016/j.
fertnstert.2012.09.027

Nicolaides, K.H., Wright, D., Syngelaki, A., Wright, 
A., Akolekar, R. Fetal Medicine Foundation 
fetal and neonatal population weight charts. 
Ultrasound Obstet. Gynecol. 2018; 52: 44–51. 
doi:10.1002/uog.19073

Pandey, S., Shetty, A., Hamilton, M., Bhattacharya, 
S., Maheshwari, A. Obstetric and perinatal 
outcomes in singleton pregnancies resulting 
from IVF/ICSI: a systematic review and 
meta-analysis. Hum. Reprod. Update 2012; 18: 
485–503. doi:10.1093/humupd/dms018

Pereira, N., Elias, R.T., Christos, P.J., Petrini, A.C., 
Hancock, K., Lekovich, J.P., Rosenwaks, Z. 
Supraphysiologic estradiol is an independent 
predictor of low birth weight in full-term 
singletons born after fresh embryo transfer. 
Hum. Reprod. 2017; 32: 1410–1417. doi:10.1093/
humrep/dex095

Pereira, N., Reichman, D.E., Goldschlag, D.E., 
Lekovich, J.P., Rosenwaks, Z. Impact of 
elevated peak serum estradiol levels during 
controlled ovarian hyperstimulation on the 
birth weight of term singletons from fresh IVF-
ET cycles. J. Assist. Reprod. Genet. 2015; 32: 
527–532. doi:10.1007/s10815-015-0434-1

Pinborg, A., Lidegaard, Ø., La Cour Freiesleben, 
N., Andersen, A.N. Vanishing twins: a 
predictor of small-for-gestational age in IVF 
singletons. Hum. Reprod. 2007; 22: 2707–2714. 
doi:10.1093/humrep/dem225

Pinborg, A., Loft, A., Romundstad, L.B., 
Wennerholm, U.B., Söderström-Anttila, V., 
Bergh, C., Aittomäki, K. Epigenetics and 
assisted reproductive technologies. Acta 

Obstet. Gynecol. Scand. 2016; 95: 10–15. 
doi:10.1111/aogs.12799

Pinborg, A., Wennerholm, U.B., Romundstad, 
L.B., Loft, A., Aittomaki, K., Söderström-Anttila, 
V., Nygren, K.G., Hazekamp, J., Bergh, C. 
Why do singletons conceived after assisted 
reproduction technology have adverse 
perinatal outcome? Systematic review and 
meta-analysis. Hum. Reprod. Update 2013; 19: 
87–104. doi:10.1093/humupd/dms044

Pontesilli, M., Hof, M.H., Ravelli, A.C.J., van 
Altena, A.J., Soufan, A.T., Mol, B.W., Kostelijk, 
E.H., Slappendel, E., Consten, D., Cantineau, 
A.E.P., van der Westerlaken, L.A.J., van Inzen, 
W., Dumoulin, J.C.M., Ramos, L., Baart, E.B., 
Broekmans, F.J.M., Rijnders, P.M., Curfs, 
M.H.J.M., Mastenbroek, S., Repping, S., 
Roseboom, T.J., Painter, R.C. Effect of parental 
and ART treatment characteristics on 
perinatal outcomes. Hum. Reprod. 2021; 36: 
1640–1665. doi:10.1093/humrep/deab008

Romundstad, B.L., Romundstad, P.R., Sunde, 
A., von Düring, V., Skjaerven, R., Gunnell, D., 
Vatten, L.J. Effects of technology or maternal 
factors on perinatal outcome after assisted 
fertilisation: a population-based cohort study. 
Lancet 2008; 372: 737–743. doi:10.1016/S0140

Senapati, S., Wang, F., Ord, T., Coutifaris, C., 
Feng, R., Mainigi, M. Superovulation alters 
the expression of endometrial genes critical 
to tissue remodeling and placentation. J. 
Assist. Reprod. Genet. 2018; 35: 1799–1808. 
doi:10.1007/s10815-018-1244-z

Skrivankova, V., Zwahlen, M., Adams, M., Low, N., 
Kuehni, C., Egger, M. Spatial epidemiology 
of gestational age and birth weight in 
Switzerland: census-based linkage study. 
BMJ Open 2019; 9e027834. doi:10.1136/
bmjopen-2018-027834

Srebnik, N., Miron-Shatz, T., Rolison, J.J., Hanoch, 
Y., Tsafrir, A. Physician recommendation 
for invasive prenatal testing: the case of 
the ‘precious baby. Hum. Reprod. 2013; 28: 
3007–3011. doi:10.1093/humrep/det354

Stern, J.E., Liu, C., Cabral, H.J., Richards, E.G., 
Coddington, C.C., Missmer, S.A., Diop, H. 
Factors associated with increased odds of 
cesarean delivery in ART pregnancies. Fertil. 
Steril. 2018; 110: 429–436. doi:10.1016/J.
FERTNSTERT.2018.04.032

Sullivan, E.A., Chapman, M.G., Wang, Y.A., 
Adamson, G.D. Population-based study of 
cesarean section after in vitro fertilization in 
Australia. Birth 2010; 37: 184–191. doi:10.1111/
j.1523-536X.2010.00405.x

Sunkara, S.K., LaMarca, A., Polyzos, N.P., 
Seed, P.T., Khalaf, Y. Live birth and perinatal 
outcomes following stimulated and 
unstimulated IVF: analysis of over two 
decades of a nationwide data. Hum. Reprod. 
2016; 31: 2261–2267. doi:10.1093/humrep/
dew184

Sunkara, S.K., La Marca, A., Seed, P.T., Khalaf, 
Y. Increased risk of preterm birth and low 
birthweight with very high number of oocytes 
following IVF: an analysis of 65 868 singleton 
live birth outcomes. Hum. Reprod. 2015; 30: 
1473–1480. doi:10.1093/humrep/dev076

Vander Borght, M., Wyns, C. Fertility and 
infertility: definition and epidemiology. 
Clin. Biochem. 2018; 62: 2–10. doi:10.1016/j.
clinbiochem.2018.03.012

Vannuccini, S., Ferrata, C., Perelli, F., Pinzauti, 
S., Severi, F.M., Reis, F.M., Petraglia, F., Di 
Tommaso, M. Peripartum and postpartum 
outcomes in uncomplicated term pregnancy 
following ART: a retrospective cohort study 
from two Italian obstetric units. Hum. Reprod. 
Open 2018; 2018: 1–7. doi:10.1093/hropen/
hoy012

Vissers, J., Sluckin, T.C., Repelaer Van Driel-
Delprat, C.C., Schats, R., Groot, C.J.M., 
Lambalk, C.B., Twisk, J.W.R., Huirne, J.A.F. 
Reduced pregnancy and live birth rates after 
in vitro fertilization in women with previous 
Caesarean section: a retrospective cohort 
study. Hum. Reprod. 2020; 35: 595–604. 
doi:10.1093/humrep/dez295

von Wolff, M. The role of natural cycle IVF 
in assisted reproduction. Best Pract. Res. 
Clin. Endocrinol. Metab. 2019; 33: 35–45. 
doi:10.1016/J.BEEM.2018.10.005

von Wolff, M., Kohl Schwartz, A., Stute, P., Fäh, 
M., Otti, G., Schürch, R., Rohner, S. Follicular 
flushing in natural cycle IVF does not affect 
the luteal phase – a prospective controlled 
study. Reprod. Biomed. Online 2017; 35: 37–41. 
doi:10.1016/j.rbmo.2017.04.003

von Wolff, M., Nitzschke, M., Stute, P., Bitterlich, 
N., Rohner, S. Low-dosage clomiphene 
reduces premature ovulation rates and 
increases transfer rates in natural-cycle IVF. 
Reprod. Biomed. Online 2014; 29: 209–215. 
doi:10.1016/j.rbmo.2014.04.013

von Wolff, M., Schwartz, A.K., Bitterlich, N., Stute, 
P., Fäh, M. Only women's age and the duration 
of infertility are the prognostic factors 
for the success rate of natural cycle IVF. 
Arch. Gynecol. Obstet. 2019; 299: 883–889. 
doi:10.1007/s00404-018-5034-8

Wilcox, A.J. On the importance – and the 
unimportance – of birthweight. Int. J. 
Epidemiol. 2001; 30: 1233–1241. doi:10.1093/
ije/30.6.1233

Zou, G. A modified Poisson regression approach 
to prospective studies with binary data. Am. 
J. Epidemiol. 2004; 159: 702–706. doi:10.1093/
aje/kwh090

Received 19 July 2021; received in revised form 
19 November 2021; accepted 9 December 2021.

http://dx.doi.org/10.1093/HUMUPD/DMX031
http://dx.doi.org/10.1093/HUMUPD/DMX031
http://dx.doi.org/10.1093/humrep/dew024
http://dx.doi.org/10.1093/humrep/dew024
http://dx.doi.org/10.1093/humrep/des347
http://dx.doi.org/10.1093/humrep/des347
http://dx.doi.org/10.1097/01.AOG.0000174585.08884.59
http://dx.doi.org/10.1097/01.AOG.0000174585.08884.59
http://dx.doi.org/10.1016/j.fertnstert.2012.09.027
http://dx.doi.org/10.1016/j.fertnstert.2012.09.027
http://dx.doi.org/10.1002/uog.19073
http://dx.doi.org/10.1093/humupd/dms018
http://dx.doi.org/10.1093/humrep/dex095
http://dx.doi.org/10.1093/humrep/dex095
http://dx.doi.org/10.1007/s10815-015-0434-1
http://dx.doi.org/10.1093/humrep/dem225
http://dx.doi.org/10.1111/aogs.12799
http://dx.doi.org/10.1093/humupd/dms044
http://dx.doi.org/10.1093/humrep/deab008
http://dx.doi.org/10.1016/S0140
http://dx.doi.org/10.1007/s10815-018-1244-z
http://dx.doi.org/10.1136/bmjopen-2018-027834
http://dx.doi.org/10.1136/bmjopen-2018-027834
http://dx.doi.org/10.1093/humrep/det354
http://dx.doi.org/10.1016/J.FERTNSTERT.2018.04.032
http://dx.doi.org/10.1016/J.FERTNSTERT.2018.04.032
http://dx.doi.org/10.1111/j.1523-536X.2010.00405.x
http://dx.doi.org/10.1111/j.1523-536X.2010.00405.x
http://dx.doi.org/10.1093/humrep/dew184
http://dx.doi.org/10.1093/humrep/dew184
http://dx.doi.org/10.1093/humrep/dev076
http://dx.doi.org/10.1016/j.clinbiochem.2018.03.012
http://dx.doi.org/10.1016/j.clinbiochem.2018.03.012
http://dx.doi.org/10.1093/hropen/hoy012
http://dx.doi.org/10.1093/hropen/hoy012
http://dx.doi.org/10.1093/humrep/dez295
http://dx.doi.org/10.1016/J.BEEM.2018.10.005
http://dx.doi.org/10.1016/j.rbmo.2017.04.003
http://dx.doi.org/10.1016/j.rbmo.2014.04.013
http://dx.doi.org/10.1007/s00404-018-5034-8
http://dx.doi.org/10.1093/ije/30.6.1233
http://dx.doi.org/10.1093/ije/30.6.1233
http://dx.doi.org/10.1093/aje/kwh090
http://dx.doi.org/10.1093/aje/kwh090

	﻿Perinatal outcomes in singletons after fresh IVF/ICSI: results of two cohorts and the birth registry
	﻿Introduction
	﻿Materials and methods
	﻿The Bern IVF Cohort
	﻿The Obstetrics Data Study (ODS)
	﻿The Swiss Live Birth Registry (SLBR)
	﻿IVF treatment in the Bern IVF Cohort
	﻿Main outcomes
	﻿Covariates
	﻿Statistical analyses
	﻿Ethical approval

	﻿Results
	﻿Gestational age and birthweight
	﻿Birthweight percentile
	﻿Mode of delivery
	﻿Comparison between stimulated sIVF and unstimulated NC-IVF

	﻿Discussion
	﻿Acknowledgements
	﻿Supplementary materials
	﻿References


