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Abstract
Key message  Even though assisted reproductive techniques represent one of the greatest achievements in modern 
medicine, the risk of preterm birth related to these pregnancies is about twice as high. This must be highlighted and 
further investigated to optimize the management of both mothers and newborns.
Purpose  The purpose of this study was to compare adverse pregnancy outcomes after assisted reproductive techniques (ART) 
and spontaneous conceptions, focusing on the incidence of preterm births (PTB) and distinguishing between iatrogenic and 
spontaneous events.
Methods  This retrospective cohort study analyzed single births of one Italian hospital. The incidence of PTBs in ART preg-
nancies, divided into iatrogenic procedures, spontaneous preterm labors and preterm premature ruptures of the membranes 
(pPROMs), was compared with the non-ART control group. The incidence of other adverse pregnancy outcomes and the 
types of delivery were also reported and compared.
Results  Of the 11,769 single births included, 2.39% were conceived by ART. The incidence of PTBs was 4.74% for sponta-
neous pregnancies and 12.8% for ART pregnancies (aOR 1.93; 95% CI 1.29–2.88). The percentage of iatrogenic procedures 
was 27.78% in the ART-PTBs’ group and 30.88% in the non-ART-PTBs’ controls. ART pregnancies showed an increased 
incidence of pPROMs (6.40% versus 2.41%), preterm labors (2.85% versus 0.93%), hypertensive disorders of the pregnancy 
(8.19% versus 2.32%), placenta previa (3.20% versus 0.59%), cesarean sections (28.47% versus 16.27%) and vacuum extrac-
tions (10.32% versus 5.19%).
Conclusions  Singleton ART pregnancies have a higher risk of PTB which is mostly linked to a higher incidence of pPROMs 
and spontaneous preterm labor. The concurrency of a demonstrated higher risk of hypertensive gestational disorders and 
placenta previa suggests that placental development plays an important role in the pathogenesis of PTB.
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Introduction

Pregnancy from assisted reproductive techniques (ART) has 
become an increasing challenge for obstetricians. Undoubtedly 
ART help infertile couples achieving pregnancy, but they also 
represent a raising public health challenge. In fact, the associa-
tion between ART and adverse birth outcomes, such as pre-
term birth (PTB) and low birth weight has been reported [1, 2].

Lately, a new concept defined with the acronym APOs 
(adverse pregnancy outcomes) is being developed in the lit-
erature [3]. This definition groups together a series of adverse 
obstetric events that are believed to have the same etiopathoge-
netic origin. In particular, it refers to the restriction of growth 
in utero (IUGR), hypertensive disorders of pregnancy and 
preeclampsia, preterm birth, abruptio placentae and preterm 
premature rupture of the membranes (pPROMs). In fact, it 
appears that the first etiopathogenetic movens is a defective 
trophoblastic invasion in the first trimester, from which an 
aberrant placentation would arise in the second trimester.

The etiology of APOs in ART pregnancies is yet unclear. 
Many hypotheses have been formulated, like gametes’ and 
embryos’ manipulation, laboratory conditions during embryos’ 
culture, culture medium, as well as the use of fertility medica-
tions [4]. Certainly, in most cases, a deep anxiety both of the 
mother and the gynecologist is possibly linked to an increased 
number of pregnancy checkups and iatrogenic procedures. 
Moreover, it is important to understand that subfertility itself 
represents an independent risk factor for APOs [5–7].

A non-standardized obstetrical approach to these patients 
and the different medical management among countries 
require a clear picture to establish a common “good-practice” 
approach.

In Italy, more than 13,500 babies born in 2016 were con-
ceived by ART, and they represent 2.9% of all newborns (89% 
with autologous ART and 11% with heterologous ART) [8].

The main goal of this study was to evaluate the rate of pre-
term birth in an Italian referral ART center, distinguishing 
between iatrogenic and spontaneous PTBs, among ART preg-
nancies compared to the spontaneous ones. Secondarily, we 
further explored the rate of placental defects and hypertensive 
disorders of pregnancy among the two groups, assuming that 
these pathologies share a common etiology with PTB.

Materials and methods

The preterm labor after assisted reproductive techniques 
(PLART) is a single institution cohort study that investi-
gates the risk of preterm labor and other adverse pregnancy 
outcomes as a result of different ART techniques, compared 
to pregnancies with spontaneous conception. The cohort is 
composed by all births that took place in the Hospital of 

Rimini between January 2014 and March 2018. The log-
80web1.auslrn.net software was used to identify all women 
that delivered in the Hospital of Rimini in the study period. 
All medical records have been reviewed by two investigators 
to select the eligibility criteria.

Exclusion criteria were: twin pregnancies and vanishing 
twins (defined by the resorption of one fetus in a twin preg-
nancy), stillbirths (defined by babies born with no sign of 
life), and severe congenital malformations (such as severe 
cerebral and gastrointestinal malformations and known 
trisomies). According to some authors, the prevalence of 
extremely preterm delivery rate is higher in the vanishing 
twin syndrome group, with a pooled risk ratio of 3.5 (1.72, 
7.12) [9]. Since we aimed to conduct a study on singleton 
births, it was decided to exclude twin pregnancies and the 
vanishing twin syndromes, assuming that they could repre-
sent a confounding bias for PTB.

ART pregnancies were identified and divided between 
autologous techniques and heterologous techniques. The 
remaining patients with spontaneous conception constituted 
the control group for the study. Socio-demographic features 
and clinical characteristics were recorded. The incidence of 
preterm birth was studied for each group and assessed if due 
to a medical indication or a spontaneous event, either after a 
pPROM or after the onset of a spontaneous labor. PTBs were 
defined when occurring at less than 37 weeks of gestation 
(until 36 weeks + 6 days). In the iatrogenic PTB’s group, 
we included all deliveries before 37 weeks of gestation, in 
which labor was either induced or the infant was delivered 
by pre-labor cesarean section, either for maternal or fetal 
indications.

The incidence of other adverse pregnancy outcomes, such 
as hypertensive disorders of pregnancy, placental defects 
and placental abruption, and the type of delivery (vaginal 
birth, cesarean section or vacuum extraction) were recorded.

Descriptive and univariable analyses were used. Statis-
tical tests used for univariate analysis were: Chi-squared 
test, Student’s t test and Mann–Whitney test. Analyses were 
two-tailed and p values < 0.05 were considered statistically 
significant. Logistic regression models were used to calcu-
late the odds ratio (OR) and corresponding 95% confidence 
intervals (CI) for PTB in the ART population. Models were 
adjusted for maternal age, hypertensive disorders, parity 
and history of a previous PTB. All analyses were performed 
using the statistical software package STATA /SE 14.2 for 
windows.

The study size was calculated considering PTB as pri-
mary outcome: estimating that the incidence of PTB in the 
general population is 5–6% and that its expected incidence in 
ART pregnancies is about 10%, and estimating a relationship 
between ART pregnancies and spontaneous pregnancies of 
1:50 (2%), a sample of 15,000 births was needed to obtain a 
power of 90% with alpha error 0.05.
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All data were collected and analyzed keeping anonym-
ity, according to European laws on privacy. The study was 
approved by the Local Ethics Committee (Comitato Etico di 
Area Vasta Romagna) in February 2018.

Results

The study included 11,769 single births that met the eligi-
bility criteria, out of the 12,056 births occurred in Rimini 
between January 2014 and March 2018 examined for eligi-
bility. The number of single pregnancies obtained by ART 
was 281 (2.39% of the overall population), 232 of them fol-
lowing autologous techniques (82.56%) and 49 following 
heterologous techniques (17.44%), as reported in Fig. 1.

Socio-demographic and clinical characteristics of the 
study population are shown in Table 1. Women with ART 
pregnancies were older and more often nulliparous than 
controls, as expected. The majority of ART-treated women 
had Caucasian ethnicity and Italian nationality. ART-treated 
women were less likely to smoke than the control group. The 
BMI mean value and the percentage of women with a his-
tory of a previous PTB did not differ significantly between 
the two groups.

Table 2 shows the rate of PTBs in the study population, 
distributed by type of conception and type of ART. The inci-
dence of PTBs in spontaneous pregnancies was 4.74%, while 
the incidence of PTBs in the study’s ART population was 

12.8% (12.5% in case of autologous ART and 14.29% in case 
of heterologous ART) with a p value < 0.001. Considering 
the causes of PTBs in the two groups, the incidence of iat-
rogenic PTBs was 30.88% in spontaneous pregnancies and 
27.78% in ART population (not significant). The pPROM 
rate was 6.40% in the ART population versus a rate of 2.41% 
in spontaneous pregnancies (p value < 0.001), and the rate 
of spontaneous preterm labor was 2.85% in ART popula-
tion versus a rate of 0.93% in spontaneous pregnancies (p 
value < 0.001).

The crude odds ratio (cOR) for PTB in the study’s ART 
population was 2.77 with a 95% confidence interval (95% 
CI) of 1.92–4.01. Since maternal age, hypertensive disorders 
of the pregnancy, nulliparity and history of a previous PTB 
were positively associated with the rate of PTBs, data were 
adjusted for these four confounding variables. The result-
ing adjusted odds ratio (aOR) for PTB in the study’s ART 
population was 1.93, with a 95% CI of 1.29–2.88. The post 
hoc power analysis showed that, considering the primary 
outcome, the study achieved a power of 91%, with 0.05 
alpha error.

In Table 3, the type of birth and the rate of APOs are 
compared between ART and non-ART women. ART preg-
nancies were associated with an increased rate of cesarean 
sections (28.47% versus 16.27%) and a doubled incidence 
of vacuum extractions (10.32% versus 5.19%). We need 
to specify that the 16.27% rate of cesarean sections in the 
non-ART study group is a very particular situation of the 

Fig. 1   Flow chart of the study 
population—the preterm labor 
after assisted reproductive tech-
niques cohort

Childbirths in Rimini, between 

January 2014 and March 2018 

N = 12 056 

Multiple births, N = 250 
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Hospital of Rimini, which is one of the top three Gynecol-
ogy and Obstetrics Units with the lowest cesarean section 
rate in Italy. The increased risk for operative deliveries in 
the ART group, both with cesarean section and vacuum 
delivery, was significantly higher with a p value < 0.001.

Moreover, there was a significative association between 
ART and increased rate of hypertensive disorders of preg-
nancy (8.19% versus 2.32%) and placenta previa (3.20% 
versus 0.59%). No significative difference was found in the 

Table 1   Maternal socio-
demographic and clinical 
characteristics of the study 
population

Values are numbers N (%) or mean (± standard deviation, range)
ART​ assisted reproductive techniques, BMI body mass index, PTB preterm birth

ART​
N = 281

No ART​
N = 11 488

Univariable
analysis

Maternal age, years p < 0.001
 Mean (SD, range) 37.54 (± 5.33, 22–51) 31.95 (± 5.47, 15–49)

Maternal age class, N (%) p < 0.001
 ≤ 30 years 27 (9.61) 4414 (38.44)
 31–40 years 177 (62.99) 6487 (56.49)
 ≥ 41 years 77 (27.40) 582 (5.07)

BMI, kg/m2 p = 0.059
 Mean (SD, range) 22.52 (± 3.92, 16.3–38.67) 23.03 (± 4.36, 15.7–55.47)

Smokers, N (%) p = 0.016
 Yes 29 (14.22) 1836 (21.20)
 No 175 (85.78) 6823 (78.80)
 Not specified 77 (–) 2829 (–)

Ethnicity, N (%) p = 0.011
 Caucasian 268 (95.37) 10,268 (89.38)
 African 5 (1.78) 657 (5.72)
 Latino-American 4 (1.42) 257 (2.24)
 Asian 4 (1.42) 306 (2.66)

Nationality, N (%) p = 0.001
 Italian 224 (79.72) 8090 (70.42)
 Not Italian 57 (20.28) 3398 (29.58)

Parity, N (%) p < 0.001
 Nulliparous 232 (82.56) 6149 (53.53)
 Parous 49 (17.44) 5339 (46.47)

Previous PTB, N (%) p = 0.398
 Yes 6 (2.14) 348 (3.03)
 No 275 (97.86) 11,140 (96.97)

Table 2   Preterm rate in the 
preterm labor after assisted 
reproductive techniques cohort

Values are numbers N (%). Medical indications stand for induction of labor or pre-labor cesarean section 
before 37 weeks
ART​ assisted reproductive techniques, pPROMs preterm premature rupture of the membranes
a Percentage of the preterm group.

ART—autologous ART—heterologous No ART​ Univariable
N = 232 N = 49 N = 11 488 analysis

Term, N (%) 203 (87.50) 42 (85.71) 10,944 (95.26)
Preterm, N (%) 29 (12.50) 7 (14.29) 544 (4.74) p < 0.001
 After pPROM 18 (50.00a) 269 (49.45a)
 Preterm labor 8 (22.22a) 107 (19.67a)
 Medical indications 10 (27.78a) 168 (30.88a)
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incidence of vasa previa and placental abruption between 
the ART group and the controls.

Discussion

According to literature [10–14], the results of this study 
show an increased risk of PTB in pregnancies obtained 
through ART, compared to the spontaneous ones. The 
PLART study, for the first time, further investigates in two 
subgroups the percentages of iatrogenic preterm deliver-
ies, spontaneous preterm labor with intact membranes, and 
pPROMs. As a result, we found that the percentage of fetal 
and maternal indications that led to iatrogenic PTBs (either 
inductions of labors or pre-labor cesarean sections) in the 
ART group was not higher than in the spontaneous pregnan-
cies group.

Therefore, the higher risk of PTBs in this ART population 
was not due to an increased number of medical indications 
to end the pregnancy, but was related to an increased per-
centage of spontaneous preterm labors and pPROMs. This 
suggests an intrinsic risk that could be related to an abnor-
mal placentation, and this is supported by the evidence of 
hypertensive disorders during pregnancy and an increased 
risk of abnormal site of placentation (placenta previa).

This study supplies increasing evidence that pPROMs 
and spontaneous preterm labor share a biological etiol-
ogy with other APOs. Pathways implicated in the etiology 
of pPROMs include hematological/coagulation function 

disorder, collagen metabolism, matrix degradation and 
local inflammation [15, 16]. The high rate of pPROMs in 
the ART population may suggest the activation of one of 
these pathways.

While an increased risk of cesarean sections was already 
reported in the literature [14], we found that the rate of oper-
ative vaginal extractions was also increased. These results 
could be related to an alteration in the second stage of labor 
leading to a dystocic labor. However, the interpretation of 
our findings needs to be supported by further studies, explor-
ing the length of labor in these pregnancies.

The evaluation of the differences between autologous and 
heterologous ART pregnancies could not be conclusive as 
the numbers are scanty. This is due to the fact that, in Italy, 
ovodonation is not yet common, but an emerging reality, 
making it difficult to collect a wide number of cases.

The PLART study has some limitations, such as its ret-
rospective design, that made it not possible to collect data 
on the causes of infertility and hormonal protocols used in 
each ART case, nor on the reasons that lead to an operative 
delivery.

Nevertheless, the PLART study has several strengths. 
First of all, it is the first Italian study that collected data from 
a large cohort of patients, showing the demographic features 
and obstetric outcomes of the local ART pregnancies, pro-
viding robust statistics. Moreover, we collected data from a 
single obstetric department, so that the outcomes were not 
affected by different obstetric managements or protocols.

Conclusion

The management of ART pregnancies requires dedicated 
counseling and follow-up that take into account their twofold 
risk for PTB and their higher rate of hypertensive disorders 
and placental defects. The etiology of this group of patholo-
gies must be further investigated focusing on the placental 
development.

An adequate counseling must highlight these risks to the 
mothers and offer a closer follow-up.

Lastly, the increased incidence of cesarean sections and 
vacuum extractions suggests that ART pregnancies are asso-
ciated with a dystocic second stage of labor. This association 
needs to be explored further with dedicated studies on the 
mechanisms that could lengthen labor.
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Table 3   Obstetric outcomes in the preterm labor after assisted repro-
ductive techniques cohort

Values are numbers N (%)
ART​ assisted reproductive techniques, pPROMs preterm premature 
rupture of the membranes, HELLP hemolysis, elevated liver enzymes, 
low platelets

ART​ No ART​ Univariable
N = 281 N = 11 488 analysis

Type of birth, N (%) p < 0.001
 Vaginal birth 172 (61.21) 9023 (78.54)
 Cesarean section 80 (28.47) 1869 (16.27)
 Vacuum extraction 29 (10.32) 596 (5.19)

Hypertensive disorders 23 (8.19) 267 (2.32) p < 0.001
 Gestational hypertension 16 (5.69) 206 (1.79)
 Preeclampsia 6 (2.14) 54 (0.47)
 Eclampsia 1 (0.36) 3 (0.03)
 HELLP syndrome 0 (0.00) 4 (0.03)

pPROMs 18 (6.40) 277 (2.41) p < 0.001
Placental defects 9 (3.20) 72 (0.63) p < 0.001
 Placenta previa 9 (3.20) 68 (0.59)
 Vasa previa 0 (0.00) 4 (0.03)

Placental abruptions 1 (0.36) 32 (0.28) p = 0.809



	 Archives of Gynecology and Obstetrics

1 3

Compliance with ethical standards 

Conflict of interest  All authors declare that there is no conflict of in-
terest.

Ethical approval  Given its retrospective design, this article does not 
contain any studies with human participants or animals performed 
by any of the authors. All data were collected and analyzed keeping 
anonymity, according to European laws on privacy. The study was 
approved by the Local Ethics Committee (Comitato Etico di Area Vasta 
Romagna) in February 2018. According to the Italian Authorisation 
of the Guarantor n.9/2016 and taking into account the logistic impos-
sibility to reach out to all the women included in the study, given the 
large number of the sample, the investigators were exonerated from the 
request of informed consents.

References

	 1.	 Dunietz GL, Holzman C, McKane P, Li C, Boulet SL, Todem 
D et al (2015) Assisted reproductive technology and the risk of 
preterm birth among primiparas. Fertil Steril 103:974–979

	 2.	 D’Angelo D, Whitehead N, Helms K, Barfield W, Ahluwalia I 
(2011) Birth outcomes of intended pregnancies among women 
who used assisted reproductive technology, ovulation stimulation, 
or no treatment. Fertil Steril 96:314–320

	 3.	 Lane-Cordova AD, Khan SS, Grobman WA, Greenland P, Shah 
SJ (2019) Long-term cardiovascular risks associated with adverse 
pregnancy outcomes. J Am Coll Cardiol 73(16):2106–2116

	 4.	 Das S, Blake D, Farquhar C, Seif M (2009) Assisted hatching on 
assisted conception (IVF and ICSI). Cochrane database Syst Rev. 
https​://doi.org/10.1002/14651​858.CD001​894.pub4

	 5.	 Schieve L, Meikle S, Ferre C, Peterson H, Jeng G, Wilcox 
L (2002) Low and very low birth weight in infants conceived 
with use of assisted reproductive technology. N Engl J Med 
346:731–737

	 6.	 Messerlian C, Maclagan L, Basso O (2013) Infertility and the risk 
of adverse pregnancy outcomes: a systematic review and meta-
analysis. Hum Reprod 28(1):125–137

	 7.	 Jacques A, Amor D, Baker H, Healy D, Ukoumunne O, Breheny S 
et al (2010) Adverse obstetric and perinatal outcomes in subfertile 

women conceiving without assisted reproductive technologies. 
Fertil Steril 94(7):2674–2679

	 8.	 Registro Nazionale Procreazione Medicalmente Assistita (2016). 
Available from: https​://old.iss.it/binar​y/rpma/cont/C_17_pubbl​
icazi​oni_2762_alleg​ato.pdf. Accessed 12 Mar 2019

	 9.	 Sun L, Jiang L, Chen H (2017) Obstetric outcome of vanishing 
twins syndrome: a systematic review and meta-analysis. Arch 
Gynecol Obstet 295(3):559–567

	10.	 Jackson R, Gibson K, Wu Y, Croughan M (2004) Perinatal out-
comes in singletons following in vitro fertilization: a meta-analy-
sis. Obstet Gynecol 103:551–563

	11.	 Cavoretto P, Candiani M, Giorgione V, Inversetti A, Abu-Saba M, 
Tiberio F et al (2018) Risk of spontaneous preterm birth in single-
ton pregnancies conceived after IVF/ICSI treatment: meta-analy-
sis of cohort studies. Ultrasound Obstet Gynecol 51(1):43–53

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

	13.	 McDonald S, Murphy K, Beyene J, Ohlsson A (2005) Perinatal 
outcomes of singleton pregnancies achieved by in vitro fertiliza-
tion: a systematic review and meta-analysis. J Obstet Gynaecol 
Can 27:449–459

	14.	 Qin J, Liu X, Sheng X, Wang H, Gao S (2016) Assisted reproduc-
tive technology and the risk of pregnancy-related complications 
and adverse pregnancy outcomes in singleton pregnancies: a meta-
analysis of cohort studies. Fertil Steril 105:73–85

	15.	 Capece A, Vasieva O, Meher S, Alfirevic Z, Alfirevic A (2014) 
Pathway analysis of genetic factors associated with spontaneous 
preterm birth and pre-labor preterm rupture of membranes. PLoS 
ONE 9:e108578

	16.	 Giminez L, Krupitzki H, Momany A, Gili J, Poletta F, Cam-
pana H et al (2016) Maternal and neonatal epidemiological fea-
tures in clinical subtypes of preterm birth. J Matern Fetal Med 
29:3153–3161

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1002/14651858.CD001894.pub4
https://old.iss.it/binary/rpma/cont/C_17_pubblicazioni_2762_allegato.pdf
https://old.iss.it/binary/rpma/cont/C_17_pubblicazioni_2762_allegato.pdf

	The PLART study: incidence of preterm labor and adverse pregnancy outcomes after assisted reproductive techniques—a retrospective cohort study
	Abstract
	Key message 
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	Acknowledgements 
	References




