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Background: This retrospective population-based study analyzed data from the Slovenian National Perinatal Information
System (NPIS) between 2013 and 2018 to compare neonatal morbidity and mortality following spontaneous
and medically indicated preterm births.

Material/Methods: Retrospective population-based cohort. Entries to the NPIS database were searched by gestational age (GA)
<37 weeks in Slovenia between 2013 and 2018. Of 9200 (6252 following spontaneous birth, 2948 following
medically indicated) neonates included, 1358 were born at extremely to very preterm GA (998 following spon-
taneous birth, 360 following medically indicated). Logistic regression analysis was used to examine the associ-
ation between neonatal mortality and composite severe neonatal morbidity and preterm birth type (spontane-
ous vs medically indicated) controlling for potential confounding variables. Analysis was first performed for all
preterm births (GA 22 0/7 to 36 6/7) and later only for extremely to very preterm births (GA 22 0/7 to 31 6/7).

Results: Neonatal mortality was significantly lower following spontaneous preterm birth at extremely to very preterm
GA (odds ratio [OR] 0.34; 95% confidence interval [Cl] [0.14, 0.81]), while there was no association in all pre-
term births group (OR 0.56; 95% CI [0.26, 1.20]). No significant correlation between preterm birth type and
neonatal morbidity was found (OR 0.76; 95% ClI [0.54, 1.09] for all preterm births and OR 0.71; 95% Cl [0.47,
1.07] for extremely to very preterm births).

Conclusions: In this population study from Slovenia between 2013 and 2018, medically indicated preterm births at <32
weeks of GA were associated with significantly increased neonatal mortality but not neonatal morbidity.
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Material and Methods

Preterm births, defined as birth before 37 weeks of pregnan-
cy, are completed. Based on GA at birth, preterm births are
further divided into moderate to late preterm birth (32 to 37
weeks GA), very preterm (28 to 32 weeks GA), and extremely
preterm (less than 28 weeks GA) [1]. Preterm neonates can
either be born after spontaneous preterm labor, preterm pre-
mature rupture of the membranes (PPROM) (ie, spontane-
ous preterm birth), or after medically indicated preterm de-
livery for maternal and/or fetal indications, which includes
induction of labor or cesarean delivery [2]. The incidence of
medically indicated preterm birth has been increasing glob-
ally as well as in Slovenia [3-7]. However, recent temporal
trends have shown either a decline or stabilization of the
rate of preterm births in recent years in some high-income
countries [8-11].

Analyses of temporal trends in the incidence of medically in-
dicated preterm birth suggested a decline in neonatal mor-
tality in these type of preterm deliveries over time [2,12,13].
Nonetheless, newer temporal analyses have shown conflict-
ing results, varying by GA groups [8,10]. However, studies fo-
cusing on mortality within groups of preterm neonates born
after either spontaneous or medically indicated preterm labor
did not find such an association [14,15]. Some studies have
even concluded that mortality seems to be higher in certain
groups of neonates born after medically indicated preterm
birth [16,17]. The discrepancy in previously reported findings
is even greater when analyzing correlations between types of
preterm birth and severe neonatal morbidity, such as severe
intraventricular hemorrhage (IVH) (Papile grade 3 and 4), cys-
tic periventricular leukomalacia (cPVL) followed by long-term
neurological impairment [15,18], bronchopulmonary dysplasia
(BPD) [19], necrotizing enterocolitis (NEC) [20,21], retinopathy
of prematurity (ROP) [22,23], and late-onset neonatal sepsis
(LOS) [15]. Furthermore, recent larger studies have shown the
neonatal outcomes are affected by underlying disorders ne-
cessitating preterm termination of pregnancy by induction of
labor or cause spontaneous preterm birth [24-27].

The Slovenian NPIS collects data on newborn and maternal med-
ical care from national birth records. The registration is man-
datory by law for all deliveries in Slovenia’s maternity units at
>22 weeks of pregnancy or when the birthweight is >500 g [28].

This retrospective population-based study analyzed data from
the Slovenian NPIS between 2013 and 2018 to compare neo-
natal morbidity and mortality following spontaneous and med-
ically indicated preterm births.

This retrospective study of anonymous entries was approved
by the National Medical Ethics Committee (approval no. 0120-
558/2019/9, issued April 6, 2020).

Study Design

We conducted a retrospective population-based study using
data retrieved from the NPIS. We analyzed all preterm births
(GA <37 0/7 weeks) in Slovenia from 1/1/2013 to 31/12/2018.
The database contains perinatal and neonatal information on
more than 140 variables entered by midwives or physicians.
Data are periodically audited and comparisons to internation-
al databases are made to ensure quality.

Definitions

Spontaneous preterm birth was defined as spontaneous on-
set of preterm labor with intact membranes or preterm pre-
mature rupture of membranes (PPROM) resulting in preterm
birth. Medically indicated preterm birth was defined as pre-
term birth following induction of labor or cesarean section for
maternal and/or fetal indications. Calculation of GA was based
on the last menstrual period and was confirmed or modified
by ultrasound imaging within the first trimester.

Exclusion Criteria

We excluded neonates with congenital anomalies and those
who died within 24 hours after birth, because they died be-
fore specific morbidities analyzed in the study could develop.

Stratification

We stratified premature neonates in 2 groups: all preterm ne-
onates born at GA 22 0/7 to 36 6/7 weeks and extremely-very
preterm neonates born at GA 22 0/7 to 31 6/7 weeks. We ana-
lyzed neonatal mortality and morbidity by onset of labor: spon-
taneous (intact membranes and PPROM) and medically indicat-
ed (induction or premature cesarean section for maternal/fetal
indications). The association between preterm birth type (spon-
taneous vs medically indicated) and neonatal mortality, as well
as neonatal morbidity, was analyzed for both GA groups sepa-
rately. Composite neonatal morbidity was defined as at least 1
of the following: severe IVH (Papile grade 3 and 4), cPVL, NEC,
BPD, LOS, and ROP. The association between preterm birth type
and each of these morbidities was also analyzed separately.

Statistical Analysis

Univariate comparison of neonatal outcomes following sponta-
neous vs medically indicated preterm birth was performed with
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the Pearson chi-square test [29], and P value <0.05 was consid-
ered significant. Multivariate logistic regression was used to ana-
lyze associations between neonatal outcomes and preterm birth
type, accounting for potential confounding variables: small for
gestational age (SGA - defined as neonatal birth weight <5% per-
centile for gestation), mode of delivery (cesarean vs vaginal deliv-
ery), breech presentation, administration of glucocorticoids before
birth, multiple pregnancies, administration of magnesium sulfate
for neuroprotection, maternal age >37 years, maternal body-mass-
index (BMI) >30 kg/m2, and in vitro fertilization (IVF). In multivari-
ate analysis of extremely to very preterm births we also account-
ed for GA groups: 22 0/7 to 27 6/7 and 28 0/7 to 31 6/7 weeks.
We used SPSS software, version 25 (SPSS, Chicago, IL, USA).

Results

Study Sample

Over the study period we identified 9258 preterm neonates
born in the Republic of Slovenia. First, we excluded 58 neo-
nates who died within 24 hours of birth. The remaining 9200
were analyzed as the all-preterm births group. Analysis was
also performed separately for 1358 neonates born at extreme-
ly to very preterm GA. These 2 groups were then subdivided
by the onset of labor. Most neonates were born after sponta-
neous onset of labor or PPROM: 6252 out of 9200 (68.0%) in
the all-preterm group and 998 out of 1358 (73.5%) in the ex-
tremely to very preterm group; 2948 out of 9200 (32.0%) were
born after medically indicated induction of labor or cesarean
section in the all-preterm group and 360 out of 1358 (26.5%)
in the extremely to very preterm group.

Tables 1 and 2 present neonatal outcomes according to type
of preterm birth at extremely to very preterm GA (Table 1) and
all preterm GA (Table 2).

Neonatal Mortality

In univariate analysis, we did not find a statistically significant
correlation between type of onset of labor and mortality in the
group of all preterm neonates (OR 0.88; 95% Cl [0.53,1.46], or
in the extremely to very premature neonate group (OR 0.59;
95% C1[0.34,1.02]). Multivariate analysis showed significant-
ly lower mortality after spontaneous preterm birth (OR 0.34;
95% C1[0.14, 0.81]) compared to medically indicated preterm
birth in extremely to very preterm births group, but not in the
group of all preterm neonates (Table 1).

Neonatal Morbidity

When searching for possible associations between compos-
ite morbidity and type of onset of labor, we did not find any
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significant correlation in univariate and multivariate analysis
in the all-preterm group (OR 0.76; 95% CI [0.54,1.08]) (Table 2)
or in the extremely to very preterm group (OR 0.71; 95% Cl
[0.47, 1.07]) (Table 1).

For individual diagnoses, we found statistically significant
correlations between severe IVH (Papile grade 3 and 4) and
spontaneous preterm birth in both groups divided by GA (OR
2.67; 95% Cl [1.41, 5.09] for the all-preterm group and OR
2.36; 95% Cl [1.16,4.82] for extremely to very preterm group).
After adjustment for other confounding factors in multivari-
ate analysis, those correlations did not appear to be statisti-
cally significant (OR 1.01; 95% ClI [0.43, 2.33] for the all-pre-
term group and OR 1.10; 95% CI[0.43, 2.82] for the extremely
to very preterm group).

Other diagnoses (cPVL, BPD, NEC, ROP, and LOS) were not signif-

icantly correlated with preterm birth type in any of the groups
according to GA at birth in univariate or in multivariate analysis.

Discussion

In the all-preterm births group, we found no association be-
tween neonatal mortality or morbidity and type of preterm
birth (spontaneous vs medically indicated). In the extreme-
ly to very preterm births group, however, medically indicated
preterm delivery was associated with higher risk of neonatal
mortality. Mortality was significantly lower in neonates after
spontaneous preterm birth compared to medically indicated
premature birth. Composite morbidity, which included all 5 se-
vere disabilities of prematurity (IVH, cPVL, ROP, NEC, and LOS),
was not associated with type of preterm birth.

Our findings regarding neonatal mortality were in line with
several previous studies. Similar to our results, Grill et al, as
well as Stout et al, found higher mortality in extremely preterm
neonates after medically indicated preterm birth [17,19]. This
is also in line with the findings from Chen et al, who calculat-
ed the hazard of neonatal mortality to be higher after PPROM
and medically indicated preterm birth than after spontaneous
preterm labor [16]. On the other hand, Fritz et al conducted a
similar study in Sweden analyzing outcomes in extremely pre-
mature neonates; their results suggested that type of onset
of preterm birth does not significantly affect either mortality
or morbidity in the group of extremely preterm neonates [14],
which appeared to be the most affected by preterm birth type
according to our study.

For neonatal morbidity, studies have suggested links between
type of preterm birth and morbidity in various subgroups di-
vided by GA. Morken et al have suggested a correlation be-
tween medically indicated preterm birth and higher incidence
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Table 1. Neonatal outcomes according to type of preterm birth at GA 22 0/7 to 31 6/7 weeks.

Spontaneous preterm Medically indicated OR Adjusted OR (95% Cl)
birth N (%) preterm birth N (%) (95% C1)* multivariate analysis**
Neonatal mortality 37 (3.7%) 22 (6.1%) 0.59 [0.33-1.02] 0.34 [0.14-0.81]

v 57 G67%) o 5% 236 [116482] 110 [043282]
A 6 1% 102 [040261] 089 [0253.16]
e0 158 (158%) 64 (178% 087 [063120] 081 [051129]
N % Ge% 21 (8% 060 [035105] 051 [022118]
s 0 5o% 13 Gew 242 [076262) 189 [081444]
kP 9 0w 35 (97%) 080 [053121] 033 [017-063]

Composite neonatal

(o) 0, - o
morbidity 269 (27.0%) 104 (28.9%) 0.91 [0.70-1.19] 0.71 [0.47-1.07]

IVH — intraventricular hemorrhage (Papile grade 3 or 4); cPVL — cystic periventricular leukomalacia; BPD — bronchopulmonary dysplasia;
NEC — necrotizing enterocolitis; LOS — late-onset neonatal sepsis; ROP — retinopathy of prematurity, composite neonatal morbidity
defined as any of the conditions above. * Univariate analysis odds ratio. ** Multivariate analysis odds ratio: adjusted for small for
gestational age (SGA — defined as neonatal weight <5 percentile for gestation), mode of delivery (cesarean vs vaginal delivery),
breech presentation, administration of glucocorticoids before birth, multiple pregnancies, administration of magnesium sulfate for
neuroprotection, maternal age >37 years, maternal body-mass-index (BMI) >30 kg/m?, in vitro fertilization (IVF) and gestation (22 0/7
to 27 6/7 vs 28 0/7 to 31 6/7 weeks).

Table 2. Neonatal outcomes according to type of preterm birth at GA 22 0/7 to 36 6/7 weeks.

Spontaneous preterm Medically indicated OR Adjusted OR (95% Cl)
birth N (%) preterm birth N (%) (95% C1)* multivariate analysis**
Neonatal mortality 43 (0.7%) 23 (0.8%) 0.88 [0.53-1.46] 0.56 [0.26-1.20]

v 62 (10% 11 (4% 267 [141509] 101 [043233]
e 2 (©04%) 0 (3% 113 [054237] 068 [027-173]
e 162 6% 60 3% 111 [083148] 081 [052126]
N n 0% 24 (08%) 080 [049133] 055 [027-115]
s 8 09% 6 5% 172 [099299] 193 [0.92406]
kP 0% 3 2% 107 (071159] 033 [017:063]

Composite neonatal

0, 0, - =
morbidity 298 (4.8%) 120 (4.1%) 1.18 [0.95-1.47] 0.76 [0.54-1.08]

IVH — intraventricular hemorrhage (Papile grade 3 or 4); cPVL — cystic periventricular leukomalacia; BPD — bronchopulmonary dysplasia;
NEC — necrotizing enterocolitis; LOS — late-onset neonatal sepsis; ROP — retinopathy of prematurity, composite neonatal morbidity
defined as any of the conditions above. * Univariate analysis odds ratio. ** Multivariate analysis odds ratio: Adjusted for small for
gestational age (SGA — defined as neonatal weight <5 percentile for gestation), mode of delivery (cesarean vs vaginal delivery),
breech presentation, administration of glucocorticoids before birth, multiple pregnancies, administration of magnesium sulfate for
neuroprotection, maternal age >37 years, maternal body-mass-index (BMI) >30 kg/m?, and in vitro fertilization (IVF).

of respiratory and gastrointestinal diagnoses, as well as a cor- were found when comparing our results of ROP not being cor-
relation between spontaneous preterm birth and cerebral pal- related to type of preterm birth to previous studies. Lynch et
sy and sepsis [15]. Similarly, Stout et al have shown that med- al found that higher ROP incidence was associated with med-

ically indicated preterm birth are correlated with higher early ically indicated and spontaneous preterm labor as opposed to
and late respiratory morbidity [19]. Other conflicting results PPROM, which they considered a separate group [23].
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Two large retrospective studies of temporal trends in neona-
tal mortality and incidence of medically indicated preterm birth
found that the rising incidence of medically indicated preterm
labor coincides with a lower incidence of neonatal mortality over
time, suggesting that medically indicated preterm birth could
be a successful intervention to decrease preterm neonatal mor-
tality [12,13]. Furthermore, a more recent temporal analysis of
Canadian preterm births observed higher rates of medically in-
dicated preterm birth during 2009-2016, but lower mortality and
morbidity in the preterm groups. Furthermore, their data showed
a decrease in neonatal sepsis and respiratory distress, but higher
IVH, during that period [10]. Interestingly, recent research of tem-
poral trends in Washington state between 2004 and 2013 has
shown a rise in incidence of medically indicated preterm birth, as-
sociated with increased mortality and increased morbidity in the
group of medically indicated late preterm births, suggesting that
neonatal sepsis mostly affects neonatal morbidity outcomes [8].

We combined several neonatal morbidities into a composite
morbidity outcome to be able to analyze larger groups of ne-
onates. Despite this, the type of preterm birth did not appear
to be correlated with morbidity in any of the GA groups. It may
be that medically indicated preterm birth results in better neo-
natal outcomes, considering that medical interventions can be
planned ahead and executed with proper (optimal) timing. On
the other hand, pregnancy disorders necessitating interven-
tion resulting in medically indicated preterm delivery play a
strong role in underlying pathological mechanisms of neona-
tal disorders. Our results suggest that other prenatal factors,
rather than type of onset of birth alone, are correlated with
neonatal morbidity. This is in line with various recent studies
confirming that the underlying disorder in pregnancy is corre-
lated with morbidity of preterm neonates [24-27].

The strengths of our study are its large population size, na-
tion-wide nature, and access to high-quality data in the NPIS.
These data are consistently collected and coded, and registra-
tion of each birth to NPIS is mandatory by law. Data on preg-
nancy and maternal factors that could possibly affect the re-
sults were included in the research. In order for the research
to have higher relevance for public health, we decided not to
exclude multiple pregnancies, which more often result in pre-
term birth than singletons and have become more common
due to infertility treatments [30].
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Our study has several limitations. First, the data in the NPIS are
based on forms, filled out by midwives, doctors, and nurses,
thus errors in initial data collection, coding and classification
may have occurred. Second, the classification of preterm birth
subtype could not be strictly separated due to active surveil-
lance of pregnancies, especially those considered high-risk. The
PPROM group was included in the spontaneous preterm group,
although some researchers suggest that this group should be
at higher risk for adverse neonatal outcomes [16]. Third, we
have not analyzed specific indications for medically indicated
preterm births such as hypertensive disorders of pregnancy, fe-
tal growth restriction, and chorioamnionitis. Each of these can
have different effects on outcomes of preterm birth. Fourth,
due to the observational nature of the study, we could not ac-
count for all potential confounding factors such as admission
to the intensive care unit and post-natal interventions such as
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er sample sizes and less statistically significant relevant results,
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Conclusions

Among preterm neonates born in Slovenia between 2013 and
2018, most of the premature births occurred after spontane-
ous labor or PPROM. Medically indicated preterm birth was
associated with higher risks of neonatal mortality at very to
extremely preterm GA.
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