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The association between preterm births and assisted reproductive technologies

Anna Stastna’, Eva Waldaufova', Tomas Fait'??

Aims. The aim of this study is to determine whether the risk of preterm births differs according to the conception
method: with or without ART and according to the ART method used (in-vitro fertilisation (IVF) with fresh embryo
transfer, frozen embryo transfer (FET) and oocyte receipt (OoR)).

Methods. The research is based on individualised anonymised data on deliveries in Czechia in 2013-2018 (n=651,049)
obtained from the National Health Information System. We employ the survival analysis approach applying survival
functions (Life tables method) and Cox regression to model the risk of preterm births according to the conception
method when controlling for a set of covariates.

Results. The results revealed that the risk of preterm births in singleton pregnancies is higher for ART-treated women
(1.56 to 2.06 depending on the ART method) than for non-ART-treated women. The proportion of preterm births differs
according to the ART method; the highest proportion was observed for OoR mothers.

Conclusions. Overall, the differences between ART-treated mothers according to the conception method are due
mainly to the structural differences between mothers. When controlling for the covariates (Cox regression model), no
significant differences were observed concerning the risk of preterm births for women who underwent fresh IVF, FET

and OoR.
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INTRODUCTION

Assisted reproduction technology (ART) has under-
gone significant development in recent years. Thanks to
ART, 8.7 million babies were born worldwide following
ART treatment from the first successful attempt at in-
vitro fertilisation in 1978 up to 2015 (ref.'). While the
treatment of infertility using ART offers hope to many
millions of couples around the world, it has also aroused
the interest of researchers in terms of the study of the
health outcomes of mothers who conceive via ART and
their children.

Research has shown that women who conceive using
ART usually differ from women who give birth spontane-
ously in terms of their socio-demographic structure and
health outcomes. From the sociodemographic point of
view, ART mothers are more often older?3, are first-time
mothers*, are married, are more highly educated’ and en-
joy higher levels of financial security*.

From the medical point of view, children born follow-
ing ART treatment have a higher risk of adverse birth out-
comes than their spontaneously conceived counterparts®.
For example, children conceived via ART bear a higher
risk of congenital malformations?, are more likely to be
born via caesarean section’®, have lower birth weights?°
and are more likely to be born preterm®. Moreover, a
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higher percentage of multiple pregnancies is present in
ART pregnancies'. In terms of pregnant women's health,
the higher risk of the hyperstimulation of the ovaries and
ectopic pregnancy have been observed in pregnant women
who conceived using ART (ref.!?).

Many studies have focused on the differences in the
birth health outcomes of mothers according to the form
of ART treatment received by the mother. Such studies
focus mainly on the differences between the transfer of
fresh embryos and the frozen embryo transfer (FET)
(ref.!). Concerning singleton pregnancies following sin-
gle embryo transfer, frozen embryo transfer results in a
lower risk of a preterm birth than fresh embryo transfer!'.
According to the available literature, no study has yet fo-
cused on the occurrence of preterm births in Czechia in
connection with the use of ART.

The research of preterm births is important since this
factor is the most common cause of infant mortality and
the second most common direct cause of child mortality
(under 5 years of age) (ref."). The incidence of preterm
births was estimated at 11% in 2010; however, it was seen
to vary significantly according to region'®. For example,
in developed European countries approximately 5% of
newborns were born preterm, whereas the proportion was
18% in some African countries®. According to the authors
of the study, the comparison of 60 countries (selected de-
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veloped countries and Latin American countries) between
1990 and 2010 revealed that the proportion of preterm
births had increased slightly (from 7.5% to 8.6%). They
note that this increase could have been due partly to the
improved registration of extremely preterm births over the
time period considered®.

The risks of a spontaneous preterm birth include a
family history of preterm births, the young or, converse-
ly, old age of the mother, short birth intervals, multiple
pregnancies, hypertension and infections'. The risk of a
preterm birth is higher for male than female newborns,
and is further related to the mother’s body mass index
(BMI), i.e. those with obesity (>30) or low BMIs (<18.5)
have a higher risk of preterm birth!3. However, the causes
of preterm births are multifactorial and include social,
biological and psychological factors'*. A number of meta-
analyses have confirmed that conception via ART also
carries a higher risk of preterm birth’s.

The aim of this article is to determine whether differ-
ences exist in terms of the incidence of preterm births
for women of childbearing age in Czechia according to
the conception method and the type of treatment used
for the transfer of the embryo (without ART, the transfer
of a fresh embryo as part of an IVF cycle, frozen embryo
transfer (FET) and oocyte receipt (OoR)), thereby con-
tributing to the international knowledge of the specifics
of the health outcomes of ART. This is important since
identifying the medical specifics of the various assisted
reproduction methods has the potential to facilitate the
choice of the most suitable ART treatment for both the
mother and the child.

MATERIALS AND METHODS

Data

The study of the incidence of preterm births for preg-
nant women in Czechia was based on the analysis of
data contained in the National Register of Reproduction
Health administered by the Institute of Health Information
and Statistics (IHIS CR). The dataset, which comprised
anonymised individual data on deliveries that took place
in Czechia in the period 2013-2018, was created by link-
ing data from the National Register of Mothers and the
National Register of Assisted Reproduction, which al-
lowed us to assign information on the probable method of
conception for all deliveries that took place in Czechia in
the period 1 January 2013 to 31 December 2018 as related
specifically to the use of ART methods and the transfer
of the embryo at the appropriate time before the birth.
The resulting dataset thus contained unique information
on the mothers, the birth outcome and the newborns, as
well as information on the embryo transfer and the ART
method used by the mothers. This allowed for the moni-
toring of the length of the pregnancy and the occurrence
of preterm births depending on the use/non-use of ART,
as well as the analysis of the impact of the ART method
on the risk of the occurrence of a preterm birth.

For analysis purposes, births following ART treatment
were defined as those that were preceded by embryo trans-
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fer 22-40 weeks prior to the date of the birth. If more
than one ART cycle in the given range was reported, the
last cycle that was administered before childbirth and not
exceeding 40 weeks was considered.

The subsequent analysis considered the information
on the embryo transfer via the 3 selected monitored ART
cycles, the designation of which follows the terminology
used in the National Registry of Reproduction Health -
Assisted Reproduction (NRAR): 1) IVF cycles involving
both conventional in-vitro insemination and ICSI in which
a single spermatozoon is injected into the oocyte cyto-
plasm, 2) FET (frozen embryo transfer) cycles involving
the transfer of thawed embryos preserved from a previ-
ous IVF cycle. 3) OoR (oocyte receipt) cycle, in which a
woman receives oocytes from a donor to be used for re-
productive purposes. According to Czech legislation, the
recipient of the oocyte is always an infertile couple and if
the embryos produced during the OoR cycle are frozen,
the FET cycle follows'®. According to the IHIS CR meth-
odology and the definition of ART cycles, the analysed
IVF and OoR cycles cover the transfer of fresh embryos.
In the case of FET cycles, this is a data mix of own and
donated oocytes, since the origin of the oocyte cannot be
distinguished from the available data. According to the
WHO, a preterm birth is defined as occurring before the
37th completed week of pregnancy'. Our analysis focused
on preterm births of at least one live child, the reason
for which was related primarily to the data source, i.e.
stillbirths have for many years been underestimated in the
IHIS CR data compared to data provided by the Czech
Statistical Office's. However, a further factor concerned
the substantive relevance of focusing only on live births
since the aim was to study the impact of ART on selected
fertility outcomes and not on stillbirths.

The source dataset contained information on 651,394
deliveries that took place in Czechia in the period 2013-
2018. Since the aim of the analysis was to determine
whether the incidence of preterm births differs depend-
ing on the conception method, the source dataset was
reduced by 345 deliveries, concerning which the women
conceived by methods other than those studied.

Therefore, the analytical sample of 651,049 deliveries
included 629,485 deliveries without the use of ART and
deliveries of ART-treated women: 12,530 deliveries follow-
ing fresh embryo transfer (IVF), 8,020 deliveries following
frozen embryo transfer (FET) and 1,014 deliveries follow-
ing donated oocyte receipt (OoR).

Of the analytical sample, 649,279 cases related to at
least one live birth: 627,785 deliveries without the use of
ART methods, 12,491 deliveries following IVF with fresh
embryo transfer, 7,994 following FET and 1,009 following
OoR. In view of the fact that applied survival analysis (see
below) allows for the censoring of stillbirths, we worked
with a subset of live births only in the initial descriptive
part of the study, whereas the subsequent models con-
sidered the whole dataset as defined by the conception
method.
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Methods

The study includes both descriptive analytical ap-
proaches and survival analysis (the life table method and
Cox regression). Descriptive analyses and life tables em-
ploy the complete analytical dataset. Given the significant
differentiation of preterm births observed in the descrip-
tive analysis and survival curves concerning pregnancy
frequency, the Cox model is employed to model the risk
of preterm birth solely for singleton pregnancies.

Survival analysis, which allows for the monitoring of
both the occurrence of an event (here a preterm live birth)
and the time at which the event occurred”, was applied
for the initial analysis of the timing of births with regard
to the length of the pregnancy. This study concerned preg-
nancies that ended in a delivery. The length of time under
study is gestational age measured in weeks. The observa-
tions were censored when a) gestational age attains the
37th week of pregnancy (births after this time are con-
cerned full-term births), or b) at the time of the birth of a
stillborn child, provided it occurred before the 37th week
of pregnancy. The survival functions were constructed ap-
plying the life table method, which shows the distribution
of events over time in intervals of equal length', in this
case completed weeks of pregnancy.

The Cox proportional hazard model was subsequently
applied® since the aim of the study was to monitor the
occurrence of preterm live births for mothers according
to the conception method over time, while including the
influence of explanatory variables in the model. Two
Cox regression models were created. Firstly, all singleton
births (40,302 events and 600,848 censored observations)
were monitored via which it was possible to compare the
risk of a preterm birth for women who received ART ver-
sus women who gave birth without the use of ART. The
second model was constructed only for singleton births
to women who underwent ART (2,027 events and 17,698
censored observations), and concerning whom it was pos-
sible to compare the risks of a preterm birth according to
the ART method used (IVF versus FET and OoR).

The following control variables were included in mod-
el 1 for all singleton births: the conception method (with-
out ART - ref., FET, IVF, OoR), the age of the mother
(£24, 25-29, 30-34 ref., 35-39, >40), pregnancy compli-
cations (without hypertension and diabetes - ref., gesta-
tional hypertension, diabetes, hypertension and diabetes),
a previous caesarean birth (no - ref., yes), the birth order
(first - ref., second, third and higher), a previous preterm
birth (no - ref., yes) and the year of birth (2013-2018, ref.
2013). The same set of variables were included in model
2 for singleton births following ART, with the addition of
a cause of infertility variable (male factor - ref., not deter-
mined, female factor, both the male and female factor); in
addition, the conception method variable comprised just
three categories in model 2 (IVF - ref., FET and OoR).

Our research strategy was focused on the collection
and evaluation of high-quality papers that analysed the
association between the use of assisted reproductive tech-
nologies and the health outcomes of newborns and labour
(especially the occurrence of preterm birth). The search
for papers was conducted primarily on Google Scholar by
using keywords such as “preterm birth”, “assisted repro-
ductive technologies”, “IVF”, “FET”, “OoR”, or “health
outcomes of ART”. The priority for selection was given
to recent literature (from 2010 onwards) and high-quality
journals with IF.

RESULTS

The proportion of preterm births in Czechia is com-
parable to that in other developed countries. The period
2013-2018 even saw a slight decrease in the proportion
of preterm births, which can be considered a success of
the Czech healthcare system. This occurred despite the
fact that the mean age of mothers at births in the same
period continued to increase, and despite the older age
of first-time mothers is a proven risk factor in terms of
preterm births; on the other hand, this period also saw a
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significant decline in the share of multiple pregnancies®.
In 2013, 7.7% of women in Czechia had a preterm birth
and in 2018 this figure had declined to 6.9% (Fig. 1). In
terms of age, the most at-risk group of mothers comprised
the youngest (under 19 years) and the oldest (40 years
and older) age categories. Mothers aged 25-34 comprised
the least at-risk group throughout the observed period
(Fig. 1).

627,785 deliveries resulted to at least one live birth in
Czechia without the use of ART methods in the period
2013-2018, 12,491 deliveries following IVF with fresh em-
bryo transfer, 7,994 following FET and 1,009 following
OoR. The incidence of preterm births varied significantly
between these groups, although a decrease was observed
in the proportion of preterm births for all the moni-
tored groups of deliveries between 2013 and 2018 (Fig.
2). Women who gave birth without ART had the lowest
proportion of preterm births throughout the monitored
period (in 2018, 6.5% of those who did not undergo ART
had a preterm birth) and, compared to the other groups,
this proportion saw the lowest decrease between 2013 and
2018. ART-treated mothers were found to be significantly
more at risk of a preterm birth. In 2018, 12.4% of women
who gave birth following IVF, 11.1% of women following
FET and 17% following OoR had a preterm birth. In 2013,
however, the differences in the proportion of preterm
births according to the ART method used were even more
pronounced. Between 2013 and 2018, a decrease in the
share of preterm births of more than 5 p.p. was observed
for all women who gave birth following ART; the great-
est decrease concerned those who gave birth following
OoR (Fig. 2). The decrease in the proportion of preterm
births for ART-treated mothers can, to a certain extent,
be ascribed to the introduction of a single embryo transfer
strategy, which was reflected in a significant decrease in
the share of multiple pregnancies (in 2013, 13.5% of ART
mothers gave birth to multiple children, in 2018 it was just
5.4% of ART mothers).
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Since the differences in the proportions of preterm
births are related largely to the differing structures of the
mothers, especially in terms of the pregnancy frequency,
Fig. 2 shows the proportions of preterm births according
to the monitored treatment method for singleton pregnan-
cies only. While the proportions of preterm births were
lower for this group of mothers in 2013 and 2018 than for
all mothers (Fig. 2), differences persisted between non-
ART and ART mothers and according to the ART method
used (IVF, FET, OoR).

Fig. 3. presents survival curves that illustrate the
proportions of pregnancies that had not yet ended in
childbirth by the gestational age (completed week of preg-
nancy). This method allows for the monitoring of both
the total shares of preterm births and their timing within
the course of pregnancy. The results for all deliveries show
that by the end of the 36th week of pregnancy, 93% of
pregnancies without the use of ART had not yet ended in
childbirth. However, the results for the ART pregnancies
revealed a significantly lower proportion of ongoing preg-
nancies; around 85-87% of the pregnancies following IVF
and FET and just 80% of pregnancies following OoR were
still ongoing at the end of 36 weeks. The survival curves
also reveal that women with OoR pregnancies gave birth
significantly earlier than the other groups - 10% gave birth
before attaining the 34th week of pregnancy and 5% of
OoR mothers had extremely or very preterm births?? up
to the 31st week of pregnancy.

Since the risk and occurrence of preterm births are
higher for multiple pregnancies'®, which are, moreover,
more frequent for ART-treated women, Fig. 4 shows the
survival curves for singleton pregnancies only. It is clear
that the proportions of singleton pregnancies still ongo-
ing at the end of the 36th week are higher than for all
pregnancies and that preterm births are significantly less
frequent for singleton pregnancies, as previously indicated
by the descriptive results (see Fig. 2). Moreover, it is evi-
dent that the differences between the observed groups of



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2024 Dec; 168(4):332-341.

Completed week of pregnancy

1.00

-

@

g 095

(1]

=

[-T:]

o

j=H

@

< 0.90

[=1:]

| =

[=]

‘s

s

£ 085

=]

o

o

o

E’ IVF \
.E 080 eesene FET
=

2 = == QoR
s = without ART
€ 075

[7,]

24 25 26 27 28 29 30 31 32 33 34 35 36

Fig. 3. Survival function of the time to deliv-
ery by the conception method, all deliveries,
Czechia, 2013-2018.

1.00
)
1]
'S
£ 095
c
o
g
Qo
oo
£
& 0.0
c
o
s
c
2
g 0.85
o
o
2
c — |\ /F
.2
"d 0.80 seasses [FT
c
=
= = == OoR
g
s e i thout ART
a 075

Completed week of pregnancy

24 25 26 27 28 29 30 31 32 33 34 35 36

Fig. 4. Survival function of the time to delivery
by the conception method, singleton pregnan-
cies, Czechia, 2013-2018.

mothers persist even in the case of singleton pregnancies.
The lowest preterm birth risk group relates to non-ART
mothers (94% of pregnancies were still ongoing at the end
of the 36th week) versus OoR mothers (86% of pregnan-
cies). The proportion of pregnancies still ongoing at the
end of the 36th week differed by 1 p.p. for women who
received FET and IVF treatment (90% vs. 89%).

The complex Cox regression model also allows for the
control of the impact of other variables that are associated
with a higher risk of preterm birth in addition to the ART
method and the pregnancy frequency, i.e. demographic
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(age, birth order) and, importantly, health characteristics
(cause of infertility, pregnancy complications, a previous
caesarean delivery, previous preterm birth).

The risk of a preterm birth for ART mothers compared to
non-ART mothers

Aimed at revealing the risk of preterm birth according
to the conception method, the Cox regression method was
used to construct model 1, which included all singleton
deliveries in Czechia in the period 2013-2018. The con-
trol of all the considered covariates (Table 1) revealed
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that the risks of a preterm birth for ART-treated mothers
are higher than for non-ART mothers (i.e. 56% higher for
FET mothers, 72% for IVF mothers and 2 times higher
for OoR mothers).

The covariates further indicated that a higher risk of
preterm birth is associated with mothers who experience
pregnancy complications (gestational hypertension and
diabetes). A higher risk of preterm birth was also detected
for mothers who had a previous preterm birth (a 5.8 times
higher risk) and those who had previously given birth via
caesarean section (a 1.2 times higher risk of a preterm
birth). Conversely, the risk of a preterm birth was lower
for higher-order than for first-order births. In terms of
age, the youngest age group of mothers (up to 19 years
of age - 33% higher risk) and the oldest age group (over
40 years of age - 27% higher risk) were observed to be
more at risk of a preterm birth than mothers in the most

numerous age group (30-34 years). The overall risk of a
preterm birth decreased by 12% between 2013 and 2018
(see Table 1).

Comparison of the risks of a preterm birth for ART moth-
ers according to the ART method

Model 1 revealed that ART mothers have a higher
risk of a preterm birth than non-ART mothers. A further
aim of the article was to determine whether the risk also
differs according to the ART method (IVF, FET or OoR)
used and to identify the method that poses the lowest risk
when controlling for socio-demographic and health char-
acteristics. Thus, only the singleton births of ART-treated
women with the three most common ART methods were
included in model 2 (Table 2). When taking into account
the differences between the mothers in terms of the demo-
graphic and health structures, the differences with respect

Table 1. Risk of a preterm birth (Exp(f)) for singleton pregnancies (model 1), Czechia,

2013-2018.
Variable P Exp(B) 95%.conﬁdencc
interval

Type of conception

without ART (ref.) 1

IVF <0.001 1.72 1.62 1.82

FET <0.001 1.56 1.45 1.68

OoR <0.001 2.06 1.71 2.48
Age

<24 <0.001 1.33 1.29 1.37

25-29 <0.001 1.04 1.02 1.07

30-34 (ref.) 1

35-39 <0.001 1.08 1.05 1.11

>40 <0.001 1.27 1.21 1.34
Pregnancy complications

without hypertension and diabetes (ref.) 1

gestational hypertension <0.001 1.42 1.34 1.51

diabetes <0.001 1.20 1.15 1.25

hypertension and diabetes <0.001 1.84 1.65 2.06
Previous CS birth

no (ref.) 1

yes <0.001 1.19 1.15 1.23
Birth order

first (ref.) 1

second <0.001 0.61 0.60 0.63

third and more <0.001 0.72 0.70 0.74
Previous preterm birth

no (ref.) 1

yes <0.001 5.82 5.63 6.02
Year

2013 (ref.) 1

2014 <0.001 0.94 0.91 0.97

2015 <0.001 0.95 0.92 0.98

2016 <0.001 0.93 0.90 0.96

2017 <0.001 0.92 0.88 0.95

2018 <0.001 0.89 0.86 0.92
Number of observations 641,150

number of events 40,302

number of censored events 600,848
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Table 2. Risk of a preterm birth (Exp(f3)) for ART mothers with singleton pregnancies
(model 2), Czechia, 2013-2018.

Variable P Exp(B) 95% confidence interval
Type of conception

IVF (ref.) 1

FET 0.17 0.94 0.85 1.03

OoR 0.10 1.18 0.97 1.45
Age

<24 0.13 1.32 0.92 1.89

25-29 0.09 1.12 0.98 1.28

30-34 (ref.) 1

35-39 0.12 0.92 0.83 1.02

>40 0.07 1.15 0.99 1.33
Cause of infertility

the male factor (ref.) 1

not detected 0.27 1.12 0.92 1.35

the female factor <0.001 1.48 1.30 1.68

the female and male factor <0.001 1.32 1.16 1.50
Pregnancy complications

without hypertension and diabetes (ref.) 1

gestational hypertension <0.01 1.38 1.09 1.73

diabetes 0.13 1.13 0.96 1.32

hypertension and diabetes 0.08 1.41 0.96 2.06
Previous CS birth

no (ref.) 1

yes 0.02 1.21 1.03 1.43
Birth order

first (ref.) 1

second <0.001 0.64 0.57 0.73

third and more <0.001 0.61 0.49 0.75
Previous preterm birth

no (ref.) 1

yes <0.001 5.81 4.84 6.98
Year

2013 (ref.) 1

2014 0.08 0.87 0.75 1.01

2015 0.04 0.85 0.73 0.99

2016 <0.001 0.80 0.68 0.93

2017 <0.001 0.79 0.68 0.93

2018 <0.001 0.78 0.67 0.91
Number of observations 19,725

number of events 2,027

number of censored events 17,698

to the risk of a preterm birth between those who used IVF
and OoR with the transfer of a fresh embryo, and FET
were not proved to be statistically significant.

It is worthy of note that the risk of a preterm birth dif-
fered depending on which of the partners was the cause of
infertility. ART-treated mothers for whom the cause of in-
fertility was identified as being exclusively female factor or
combination of female and male factor evinced a 48% and
32%, respectively higher risk of preterm birth compared to
mothers for whom the cause of infertility was found to be
on the side of their partner. The higher risk of a preterm
birth was also associated with other health aspects such

as gestational hypertension (a 38% higher risk than for
women without gestational hypertension and diabetes).
Mothers who had a previous caesarean birth or a previous
preterm birth were also more at risk of a preterm birth
(21% and 5.8 times higher, respectively). Conversely, the
risk decreased with the birth order and also over time.
The risk of having a preterm birth in 2018 was 29% lower
for ART mothers than in 2013 (Table 2) - the risk there-
fore decreased more rapidly during the monitored period
for ART mothers than for non-ART mothers (compare
Model 1 and Table 1).
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DISCUSSION

Infertility treatment via the use of ART offers hope
to many couples who are unable to conceive naturally.
However, it is necessary that users fully understand the
health consequences of ART, which may affect the health
of both mothers and their newborns. Having a preterm
birth, one of the most fundamental causes of child mor-
tality, also comprises one of the most significant ART-
related health risks?.

A large number of studies have been devoted to the
health aspects of ART. The results of the analysis pre-
sented in our study correspond with those of studies that
have indicated the elevated risk of a preterm birth for
mothers who conceive using ART (ref."). However, the
reasons for the higher risk of a preterm birth following
ART are not easy to determine. While some studies sug-
gest that the risk is associated with the ART method itself,
other studies have linked the risk to infertility rather than
the ART method®.

No unequivocal agreement has been reached in pre-
vious studies on the dependency of a preterm birth on
the specific ART method. A review? of the results of 11
studies that compared the incidence of a preterm birth
for IVF/ICSI and FET pregnancies shows a higher risk
(1.14 times) of a preterm birth for IVF/ICSI than for FET
pregnancies. Of the 11 monitored studies, however, only
5 studies confirmed the significantly higher risk of a pre-
term birth for IVF/ICSI. A further 5 studies concluded
that there is no difference in terms of this risk between
IVF/ICSI and FET births, while the authors of one study
determined the opposite results, i.e. that FET results in a
higher risk of a preterm birth. The results of our study are,
therefore, consistent with studies that failed to determine
a statistically significant difference in the risk of a preterm
birth between IVF/ICSI and FET when controlling for the
relevant covariates.

A meta-study* compared the risk of a preterm birth
for IVF/ICSI and OoR mothers. Four of the six studies
compared indicated the higher risk of a preterm birth for
OoR mothers, whereas the other two studies revealed no
difference in the risk of a preterm birth between IVF/ICSI
and OoR. OoR is, however, associated with a higher risk
of perinatological complications according to the analysis
of 35 studies conducted in the period 1982-2016 both for
singleton and multiple pregnancies?.

Our article monitored in detail only singleton pregnan-
cies since the representation of multiple births decreased
within the monitored period and, moreover, differed be-
tween the monitored groups of women. The data indicat-
ed the more frequent occurrence of multiple pregnancies
for ART mothers compared to non-ART mothers, as well
as differences according to the ART treatment method,
i.e. the highest frequency of multiple pregnancies related
to the OoR method (18% compared to 9% following IVF
and 7% following FET).

The analysis of singleton pregnancies did not re-
veal any significant differences in terms of the risk of
a preterm birth between IVF, FET and OoR mothers in
Czechia when controlling for covariates. Thus, it appears

that the overall differences in the incidence of preterm
births (Fig. 2) according to the ART method used (IVF,
FET or OoR) are due mainly to the differing structure of
the mothers and, in particular, to the differences in the
proportions of multiple pregnancies. This finding con-
firms the justification of the one-embryo transfer strategy
in the ART treatment of infertility.

The aim of this article was to present the occurrence
of preterm births for pregnant women in Czechia accord-
ing to the probable conception method and to determine
whether the differing proportions of preterm births ac-
cording to the ART method are due to the differing struc-
tures of the women (in terms of both socio-demographic
variables such as age, the birth order and the pregnancy
frequency, and health complications) or other factors.

According to a Czech study?’ there is a strong risk of
a preterm birth for mothers with a previous preterm birth
or abortion in the second trimester of pregnancy. Other
risk factors comprise being in the young (<20) or older
(>40) age categories, chronic medical conditions (e.g. dia-
betes, hypertension and obesity), infections and multiple
pregnancies. The potential influence of the mother’s im-
munity and microbiota on the incidence of preterm births
is also studied?.

While the influence of many of these factors was con-
firmed by our analysis, the study presented herein further
serves to expand current knowledge via the linking of the
risk of a preterm birth with ART and the various ART
methods used, as well as, for example, the influence of
which partner in the couple is the bearer of infertility.
As far as the available Czech literature is concerned, no
other studies have been conducted that monitored the
occurrence of preterm births in connection with the use
of ART. Furthermore, a knowledge of the health conse-
quences of ART is crucial in the context of the postpone-
ment of motherhood to older ages, the increasing use of
ART, and changes in the use of the various ART methods
available in Czechia. According to Rezabek?, the number
of IVF and OoR cycles performed in Czechia increased
only slightly between 2007 and 2017. The growth in the
number of OoR cycles was, presumably, limited primarily
by the number of female donors. Conversely, there has
been a marked increase in the use of the FET method,
which is probably due, at least partly, to the trend towards
the transfer of just one embryo, as a result of which the
unused embryos are frozen in the case of a subsequent
conception attempt should the first transfer be unsuccess-
ful'®, However, frozen embryos can also be used by women
who have already given birth and wish to conceive again®.

Applying the survival curves method, our article dem-
onstrates differences in the incidence of preterm births for
women with singleton pregnancies who, most probably,
conceived without ART and those who used ART (IVF,
FET, OoR). After controlling for a series of risk factors
that are associated with preterm births (e.g. a previous
preterm birth, the maternal age, hypertension, diabetes,
parity, etc.), differences in terms of the risk of a preterm
birth according to the conception method were demon-
strated only between ART and non-ART mothers rather
than between the 3 considered ART treatments (IVF,
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FET, OoR). The strength of the study lies in the use of
a unique and extensive dataset, which allowed for both
the comparison of mothers according to the conception
method and the consideration of the roles of a number of
variables that are usually associated with the occurrence
of preterm births.

However, the study also has a number of limitations.
The dataset considers only women who received ART
treatment in Czechia; therefore, women who were treated
for infertility abroad were identified as non-ART mothers.
Given that Czechia is, however, considered to be a major
target country for reproductive tourism*, no significant
underestimation of the number of women who gave birth
using ART in Czechia can be expected. Despite the poten-
tial for the inclusion of a range of significant preterm birth
predictors in the Cox regression model, it was not possible
to control for certain other important risk factors, e.g. the
BMI and infections?®. Thus, the consideration of their
influence on the occurrence of preterm births according
to the conception method could well form the subject of
future research. In the case of FET cycles, the data did
not allow us to distinguish between own and donor oo-
cytes, which could potentially affect the results due to the
different structure of women undergoing different ART
cycles. However, we reduce this risk mainly by including
and controlling for the main differential characteristics
(age, parity, causes of infertility and selected pregnancy
complications) in the model. Further research is needed
to further analyse possible differences in the risk of pre-
term birth between own and donor oocytes in FET cycles,
which is currently preferred in clinical practice as it elimi-
nates the need for the uneasy synchronisation of donor
and recipient cycles®.

A detailed knowledge of the risk factors surrounding
preterm births could help to identify those women who
have a higher risk of a preterm birth and to establish
effective preventive measures. According to Flood and
Malone!, a distinction can be made between primary pre-
vention (for women who are or are not yet pregnant, with
the aim of reducing the risk of preterm birth) and second-
ary prevention (for women who already have a higher risk
of a preterm birth). Examples of pre-conception preven-
tion approaches include, for example, leading a healthy
lifestyle (no smoking or alcohol use, a normal BMI etc.).
Examples of prevention measures for already pregnant
women at risk of a preterm birth include the use of pro-
gesterone or cervical cerclage®.

CONCLUSION

The incidence of preterm births differs not only be-
tween women who give birth with/without ART, but also
according to the ART method used. The detailed analysis
of singleton pregnancies revealed that when controlling
for factors that are traditionally associated with the risk
of a preterm birth, the risk of such a birth differs between
ART and non-ART women. When controlling for selected
health factors and sociodemographic characteristics (age,
parity, etc.), however, the analysis did not reveal any sta-

tistically significant differences between the risk of a pre-
term birth between the three monitored ART treatments
(IVF, FET and OoR).
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