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ABSTRACT

Aim: To compare adverse outcomes in neonates born by planned vaginal birth to those born by planned caesarean section.
Method: This retrospective cohort study analysed data from southern Sweden between 1995 and 2015, using the perinatal
revision South Register. Only women with singleton, term (>37+0weeks) and cephalic presentation were included. Planned
vaginal birth included all vaginal non-instrumental, instrumental, and emergency caesarean births. Logistic regression was used
to study the relationship between neonates born via planned vaginal birth and planned caesarean section to adverse neonatal
outcomes.

Results: Of 97,886 included, 91,834 (8.9%) underwent planned vaginal birth, and 6052 (91.1%) underwent planned caesareans.
After adjustment, neonates with planned caesarean birth had lower odds for UApH < 7.05 [OR 0.64; 95% CI, 0.46-0.88, p=0.006]
but higher need for continuous positive airway pressure [OR 2.22; 95% CI, 1.74-2.85, p<0.001]. No differences were seen for
apgar score <7 at 5 min, seizures, central nervous system disease or hypoxic ischemic encephalopathy.

Conclusion: While planned caesarean birth may reduce the risk of neonatal acidemia, it is associated with a higher odds of
respiratory support after birth. Overall, both planned birth modes demonstrated comparable risks for other serious neonatal
outcomes, indicating that decisions should balance these specific differences alongside individual clinical circumstances.

1 | Introduction expected to rise to nearly one third of all births worldwide by

2030 [1], and a marked increase has also been seen in Europe [3].
Over recent decades, there has been a notable increase in cae- ~ Within this trend, a particular increase in caesarean births has
sarean sections (CS) globally, with research indicating a contin- also been witnessed in Sweden [4-6]. Multiple factors and their

ued prominent rise in the upcoming decade [1, 2]. CS rates are complex interplay affect the choice of birthing method [5, 7].

Abbreviations: BMI, body mass index; CNS, central nervous system; CPAP, continuous positive airway pressure; CS, caesarean section; HIE, hypoxic ischemic
encephalopathy; NICU, neonatal intensive care unit; UApH, umbilical cord arterial pH.
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Summary

« Large, retrospective population-based cohort study of
97,886 neonates examined the association between
adverse neonatal outcomes and planned mode of
birth.

» Planned caesarean birth was associated with lower
odds of neonatal acidemia but a higher need for res-
piratory support, while other serious neonatal out-
comes did not differ between planned birth modes.

« Findings highlight specific trade-offs between
modes of planned birth that can inform clinical
decision-making.

The marked rise in CS rates has been linked to adverse short-
and long-term outcomes for both mothers and neonates
[5, 6, 8-10]. Evidence suggests that neonates born by planned
CS may be at increased risk of adverse outcomes such as respi-
ratory morbidity, admission to the neonatal intensive care unit
(NICU), respiratory tract infection, gastroenteritis, asthma,
and rheumatoid arthritis [5, 6, 8-10]. Nevertheless, the lit-
erature remains inconclusive in several areas. For instance,
studies examining respiratory distress among neonates born
via planned CS have reported conflicting findings. Kolas et al.
[11] showed in a study including a total of 18 653 cases divided
into two groups, one comprising planned vaginal births and
emergency CS during labour, and the other including planned
CS and emergency CS before labour onset- found that planned
CS was associated with an elevated risk of respiratory difficul-
ties. In contrast, Maharlouei et al. [12], analysing 2438 cases,
reported no difference in respiratory distress between the two
birth groups. Both studies excluded high-risk pregnancies
complicated by maternal or foetal factors.

There is a notable lack of published literature that distin-
guishes neonatal outcomes according to the planned mode of
birth. In clinical practice, women are typically managed based
on an intended plan, either planned vaginal birth or planned
caesarean birth, and subsequent intrapartum decisions or
complications may alter the final mode of birth. Therefore,
research that classifies outcomes solely by the actual mode
of birth (e.g., spontaneous vaginal birth, instrumental birth,
emergency caesarean section, or planned caesarean section)
does not accurately reflect the clinical decision-making path-
way, and studies must evaluate neonatal outcomes based on
the intended mode of birth at the outset, rather than only on
the final birth outcome.

Hence, the objective of the present study was to compare adverse
neonatal outcomes: specifically umbilical artery pH (UApH)
<7.05, apgar score <7 at 5 min, requirement for continuous
positive airway pressure (CPAP), occurrence of seizures, and
suspected central nervous system disease in neonates born
by planned vaginal birth compared to planned CS. Secondary
analysis of outcomes based on the final birth outcome was also
performed.

2 | Methods
2.1 | Study Design

A retrospective cohort study was conducted across seven mater-
nity centres in the south of Sweden, including the provinces of
Skane, Halland, Blekinge, and Kronoberg. The perinatal revi-
sion South register (PRSR) was utilised to collect data on labour
and clinical outcomes for both mothers and neonates. Data was
collected over a 20-year period, from 1995 to 2015.

2.2 | Participant Selection

The inclusion criteria consisted of women with singleton, term
births in cephalic presentation. ‘Term’ was defined as a gesta-
tion age of at least 37+ 0 weeks. To be included in the study, doc-
umentation of birth mode was required. The exclusion criteria
involved removing all individuals with incomplete or unrealistic
pH data from the umbilical cord analysis. That included cases
where the veno-arterial difference was less than 0.02, indicat-
ing blood samples likely taken from the same vessel [13, 14]. In
addition, participants with UVpH >7.50 and UApH <6.50 were
excluded, as these values are incompatible with life. Erroneous
values and participants born preterm, defined as <37 + Oweeks,
were also removed. Planned vaginal birth was defined as all
non-instrumental vaginal, instrumental vaginal, and emer-
gency CS. Planned CS was defined as only elective operations
coded in the database. Participants who gave birth in breech po-
sition were excluded.

2.3 | Outcomes

The studied adverse neonatal outcomes included UApH, Apgar
score at 5 min, use of CPAP, presence of seizures, CNS disease,
and HIE. The incidence of the studied outcomes was partially
based on diagnosis codes in patients’ records, established by
physicians, primarily neonatologists and obstetricians. Acidosis
in the umbilical artery was determined by a pH level lower than
7.05. This cutoff value was based on the normal distribution of
UAPpH in the study population, with < 7.05 representing 2.5 stan-
dard deviations below the mean to include the lowest extremes.
An Apgar score <7 was selected as the threshold to distinguish
between neonates with and without signs of health complica-
tions [15]. CNS disease was indicated by potential damage to the
brain or spinal cord at birth that necessitated additional medical
evaluation by neonatologists.

2.4 | Umbilical Cord Blood Gas Sampling

Since the 1980s, all included hospitals have had routines for
sampling umbilical cord blood after birth [16, 17]. Immediately
after birth, blood samples are collected from one of the umbili-
cal arteries and the umbilical vein using 2mL pre-heparinized
syringes [16, 17]. Since the artery is smaller and empties of blood
before the vein, it is common practice to sample it first [17, 18].
Samples should be analysed promptly, ideally within 15min of
collection, but no later than 30-60 min [17].
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2.5 | Statistical Analyses

Background characteristics of the study population were presented
as absolute numbers and percentages. Characteristics such as ma-
ternal age, parity, maternal BMI, maternal smoking, birth mode,
gestational duration, gender and birth weight were categorised
into specific groups. These characteristics were then compared
between planned vaginal and planned caesarean births using the
Chi-2 test to assess differences. Logistic regression was performed
to investigate the relationship between mode of birth and adverse
neonatal outcomes using odds ratios (OR), confidence intervals
(CI), and p-values. All outcomes were recoded into binary vari-
ables in our database, indicating the presence or absence of the
outcome as 1 and 0 respectively. Multiple logistic regression anal-
yses were performed to examine the relationship between the de-
pendent variable, mode of birth, and neonatal outcomes, adjusting
for maternal age, parity, maternal BMI, gestational duration and
birth weight. Results with two-sided p-value below 0.05 were con-
sidered statistically significant. Further analyses comparing non-
instrumental vaginal birth to emergency CS, and emergency CS to
planned CS were conducted separately and attached as support-
ing information. Data analyses were performed using SPSS (ver-
sion 29.0.2.0) (IBM Corp, Armonk, NY) and STATA (StataCorp.
2023. Stata Statistical Software: Release 18. College Station, TX:
StataCorp LLC).

3 | Results

3.1 | Study Population

Figure 1 illustrates the flow chart of participants included in
the study. A total of 97886 neonates met the inclusion criteria

after exclusions from the original population of 118,979 partici-
pants. Of these, 6052 (6.2%) neonates were born by planned CS

and 91,834 (93.8%) were born by planned vaginal birth. Of the
planned vaginal births, 77,564 (79.2%) were non-instrumental,
7567 (7.7%) emergency CS and 6676 (6.8%) instrumental vaginal
births (ventouse and forceps).

The background characteristics of the study population are
presented in Table 1. The majority of mothers giving birth
were between 20 and 34years old (77085/97886; 78.8%) and
multiparous (52216/97886; 53.3%). Most mothers had a nor-
mal BMI (33734/97887; 34.5%) and did not smoke during
pregnancy (63474/97886; 64.8%). There were significant dif-
ferences between the planned vaginal and planned CS groups
for maternal age, parity, maternal BMI, gestational age and
birth weight (p<0.001). Understandably, the vast majority
of women who underwent planned CS had a gestational age
ranging from 37+0-40+6 (97.4% as compared to planned
vaginal birth 76.5%).

Table 2 illustrates the logistic regression analyses between
planned vaginal birth and planned CS according to ad-
verse neonatal outcomes. The unadjusted logistic regression
showed that neonates born via planned CS had lower ORs for
UApH <7.05[OR 0.41; 95% CI, 0.31-0.54, p <0.001] and apgar
score <7 at 5min [OR 0.59; 95% CI, 0.41-0.83, p=0.003]. No
differences were seen for seizures, CNS disease and HIE.
However, planned CS was associated with a higher risk of re-
quiring CPAP [OR 2.11;95% CI, 1.77-2.53, p < 0.001]. After ad-
justment for maternal age, parity, maternal BMI, gestational
duration and birth weight, UApH <7.05 remained lower for
planned CS [OR 0.64; 95% CI, 0.46-0.88, p =0.006], but Apgar
score <7 at 5min was no longer significant [OR 0.65; 95% CI,
0.40-1.07, p=0.09]. On the other hand, the relationship be-
tween planned CS and need for CPAP after birth strengthened
[OR 2.22; 95% CI, 1.74-2.85, p <0.001]. These findings are il-
lustrated in Figure 2.

Perinatal Revision South

Database
Post validation of pH
N =104,072
Removal of
erroneous values <
N =957

A

Post removal of
erroneous values
N =103,115

Exclusion of all
preterm pregnancies

A

v

(<3740 weeks)
N =5,229

Post removal of preterm
pregnancies
N =97,886

FIGURE1

| Flowchart illustrating the formation of the total study population after exclusions.
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TABLE1 | Background characteristics compared between the two study groups, vaginal birth and emergency caesarean section, analysed using
the Chi-2 test.

Total study Planned vaginal Planned caesarean
population birth section Chi?-test
N % N % N % p-value

Total N 97886 100 91834 100 6052 100

Maternal age (years) <0.001
<20 1842 1.9 1807 2.0 35 0.6
20-34 77085 78.8 73098 79.6 3987 65.9
35-39 15889 16.2 14311 15.6 1588 26.2
>40 3060 3.1 2618 2.9 442 7.3

Parity <0.001
Primiparous 44603 45.6 42661 46.5 1942 32.1
Multiparous 52216 53.3 48179 52.5 4037 66.7
Missing data 1067 1.1 994 1.1 73 1.2

Maternal BMI <0.001
<18.5 1316 1.3 1257 1.4 59 1.0
18.5-24.9 33734 34.5 31869 34.7 1865 30.8
25-29.9 15590 15.9 14495 15.8 1095 18.1
>30 7858 8.0 7178 7.8 680 11.2
Missing data 39388 40.2 37035 40.3 2353 38.9

Maternal smoking 0.470
No 63474 64.8 59, 692 65.0 3782 62.5
Yes 1-9/day 4165 4.3 3915 4.3 250 4.1
Yes >10/day 1535 1.6 1432 1.6 103 1.7
Missing data 28,712 29.3 26795 29.2 1917 31.7

Gestational duration (weeks) <0.001
374+0-40+6 76187 77.8 70294 76.5 5893 97.4
414+0-414+6 16165 16.5 16078 17.5 87 1.4
>42+0 5534 5.7 5462 6.0 72 1.2

Gender 0.393
Male 50731 51.8 41637 51.9 3094 51.1
Female 47082 48.1 44127 48.1 2955 48.8
Unknown 73 0.1 70 0.1 3 0.1

Birth weight (grams) <0.001
<2500 789 0.8 712 0.8 77 1.3
2500-3999 76918 78.6 71983 78.4 4935 81.5
4000-4499 16024 16.4 15300 16.7 724 12.0
>4500 4106 4.2 3796 4.1 310 5.1
Missing data 49 0.1 43 0.1 6 0.1

Abbreviation: BMI, body mass index.
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TABLE 2 | Logistic regression analysis assessing relationship between mode of birth and adverse neonatal outcomes, with results presented as
odds ratio (OR), 95% confidence intervals (CI) and p-values before and after adjustments.

Planned
Planned caesarean
vaginal birth section
N=91834 N=6052 Unadjusted Adjusted?
Outcomes N % N % OR 95% CI p-value OR 95% CI p-value
UApH <7.05 1961 2.1 54 0.9 0.41 0.31-0.54 <0.001 0.64 0.46-0.88 0.006
Apgar 826 0.9 32 0.5 0.59 0.41-0.83 0.003 0.65 0.40-1.07 0.09
score <7 at
5min
CPAP 1010 1.1 139 2.3 2.11 1.77-2.53 <0.001 2.22 1.74-2.85 <0.001
Seizures 142 0.2 12 0.2 1.28 0.71-2.31 0.408 1.96 0.85-4.49 0.114
CNS disease 678 0.7 58 1.0 1.3 0.99-1.70 0.056 1.10 0.78-1.55 0.598
HIE 100 0.1 1 0.02 0.15 0.02-1.09 0.061 — — —

Abbreviations: CNS, central nervous system; CPAP, continuous positive airway pressure; HIE, hypoxic ischemic encephalopathy; UApH, Umbilical artery pH.
2Adjusted for maternal age, parity, maternal BMI, gestational duration and birth weight.

c— Unadjusted
UApH <7.05F +  Adjusted
Apgar <7 at 5 min |1
CPAP} e —
Seizures
CNS disease| —
1 2 3 4

Odds Ratio

FIGURE 2 | Unadjusted and adjusted odds ratios for adverse neonatal outcomes comparing planned caesarean section with planned vaginal
birth. CNS, central nervous system; CPAP, continuous positive airway pressure; UApH, umbilical artery pH.

3.2 | Vaginal Non-instrumental Birth versus
Planned CS

Fron the total study population, 77 564 (92.8%) were non-
instrumental vaginal births and 6052 (7.2%) were planned CS.
Background characteristics are illustrated in Table S1. The dif-
ferences between the two groups were significant (p <0.001) in
all studied parameters apart from maternal smoking and neona-
tal gender. Regarding adverse neonatal outcomes, after adjust-
ing for maternal age, parity, maternal BMI, gestational duration,
and birth weight, neonates born by planned CS were associated

with higher odds of requirement of CPAP [OR 3.17; 95% CI,
2.42-4.16, p<0.001] and occurrence of seizures [OR 3.65; 95%
CI, 1.45-9.17, p=0.006] (Table S2).

3.3 | Non-Instrumental Vaginal Birth versus
Emergency Caesarean Section

Of the total study population, 77564 (91.1%) were born non-
instrumental vaginally and 7567 (8.9%) neonates by emer-
gency CS. Table S3 presents the background characteristics.
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Most women who underwent non-instrumental vaginal births
were multiparous (43903/77564: 56.6%). In contrast, a higher
proportion of women who had emergency CS were primip-
arous (4708/7567: 62.2%). In pregnancies beyond 42weeks,
a higher percentage of neonates were born via emergency CS
(1076/7567: 14.2%) compared to vaginal birth (3727/77564:
4.8%). Additionally, a higher proportion of women who un-
derwent emergency CS gave birth to neonates with either low
(223/7567: 2.9%) or high birth weight extremes (607/7567: 8.0%),
compared to vaginal birth (444/77564: 0.6% and 2932/77564:
3.8%, respectively). Table S4 illustrates the logistic regression
analyses between the modes of birth and adverse neonatal out-
comes. The unadjusted logistic regression presented signifi-
cantly higher ORs for all studied adverse neonatal outcomes
in emergency CS compared to vaginal birth. Neonates born via
emergency CS continued to have notably higher ORs for adverse
neonatal outcomes after the regressions were adjusted for ma-
ternal age, parity, maternal BMI, gestational duration and birth
weight. Specifically, higher ORs were observed for UApH < 7.05
[OR 2.16; 95% CI: 1.81-2.58, p<0.001], an Apgar score <7 at 5
min [OR 7.11; 95% CI: 5.75-8.80, p<0.001], CPAP [OR 5.06; 95%
CI: 4.17-6.14, p<0.001], seizures [OR 6.24; 95% CI: 3.63-10.73,
p<0.001], CNS disease [OR 4.23; 95% CI: 3.38-5.29, p<0.001]
and HIE [OR 10.35; 95% CI: 5.14-20.84, p <0.001].

4 | Discussion

In this large, population-based cohort study, adverse neonatal
outcomes associated with planned vaginal birth were compared
with those associated with planned caesarean section (CS).
Planned CS was associated with an increased requirement for
continuous positive airway pressure (CPAP) after birth but pro-
tective against neonatal acidemia. This was, of course, due to
the inherent composition of the planned vaginal group includ-
ing all emergency CS and instrumental births as well. No other
adverse neonatal outcomes differed significantly between the
two groups. The link between planned mode of birth and neona-
tal outcomes remains unclear due to limited research and incon-
sistent CS classification across countries [19]. This highlights
the relevance of our study in addressing these unexplored areas,
particularly given the rising rates of emergency CS [1, 3, 4].

Caesarean section rates are increasing worldwide [1]. A recent
systemic review and meta-analysis of 44 European studies
showed large variations in CS rates [3]. Although rates were low-
est in Northern Europe (16.9%), Southern Europe reported rates
as high as (43.6%), of all births. Given this increasing trend, it is
essential that both patients and healthcare professionals have a
clear understanding of the implications of operative birth and its
effects on the neonate.

Previous studies investigating the association between mode of
birth and adverse neonatal outcomes such as respiratory dis-
tress have had conflicting results in the literature [20-23]. A
study including both planned and emergency CS showed no
significant difference in the requirement of CPAP at term be-
tween the two modes of birth, nor compared to vaginal birth
[22]. Another retrospective cohort study comparing neona-
tal outcomes among 672 women with a planned CS or an in-
tended vaginal birth after prior CS showed that there were a

significantly higher number of neonates requiring CPAP, as
well as other forms of respirational support, in the planned
CS group [23]. Similarly, we found in this current large cohort
that the odds of CPAP requirement were two-fold higher in the
planned CS as compared to the planned vaginal group. These
results suggest that neonates born by planned CS have a higher
need for respiratory resuscitation compared to those born vagi-
nally. A theory is that the neonates born vaginally are exposed
to hormonal and physiological stress-related changes that occur
during labour, making them more ‘vigorous’ at birth [24]. It is
important to illuminate that planned CS are performed before
the onset of labour. Gestational age also plays a role in the risk
of developing respiratory morbidity and seizures, as the relative
risk of respiratory morbidity among neonates born by planned
CS increases with decreasing gestational age [20, 25].

The odds of presenting with a UApH <7.05 were lower in the
planned CS compared to planned vaginal birth. This result is
in line with what has been mentioned in earlier studies [26-28].
Low pH in the umbilical artery is a proxy for neonatal acidemia
and a recently published study of long-term outcomes of acide-
mic neonates found that a UApH < 7.05 was associated with an
increased risk of death, cerebral palsy and epilepsy [29]. These
results contrast with those of Bodner et al. [30], who investigated
if there was a difference in UApH < 7.10, and found none.

Our findings are consistent with the broader literature com-
paring neonatal outcomes by intended mode of birth, where
planned CS have been associated with distinct physiological
differences related to the stress of birth, with labour-associated
stress shown to influence neonatal adaptation and respiratory
transition relative to births without labour exposure (e.g., ‘the
good stress of being born’ concept). These discussions highlight
the need to interpret birth mode associations with adverse out-
comes in light of underlying biological mechanisms rather than
surgical birth per se [31].

In our sub-analyses, we found that the odds of seizures were
three-fold higher in neonates born by planned CS as compared
to those born non-instrumental vaginally. These results are in
contrast to those of Maharlouei et al. [12], and Kolés et al. [11],
who found no differences between neonates born by planned
CS compared to vaginal birth. Similar to previous research,
we found no differences in Apgar score <7 at 5 min between
neonates born by planned CS compared to planned vaginal
birth [11, 26, 27].

The large study sample from several maternity units in the
South of Sweden was a major strength of the current study. This
enabled the inclusion of uncommon neonatal outcomes such as
seizures, acidosis, and suspected CNS disease. Moreover, this
study makes a positive contribution to the field of research, al-
lowing further understanding of the development of adverse
neonatal outcomes and generalisation to the general popula-
tion. In addition, the quality of the Swedish health register
from which the data was collected, and the thorough meth-
odology of cleansing of the data, validation of pH values, and
further step-wise regression analysis, as well as controlling for
confounding, ensured rigorous results. A limitation was that
our extracted register data did not contain any information re-
garding the indication for planned CS. Planned CS may include
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high-risk neonates where contraindications existed for vaginal
birth. The large study sample and population-level data may
likely minimise any potential biases. Additionally, there may
be more frequent monitoring of neonates born via planned CS,
which may lead to higher detection of complications in this
group. On the other hand, as our results highlight, there is a
particular need for extra vigilance and surveillance of neonates
born by planned CS.

Our findings indicate that the risk of adverse neonatal outcomes,
such as the need for CPAP and the development of seizures, in-
creases with planned CS. This must be considered in clinical
guidelines and recommendations for healthcare professionals
and expectant mothers, particularly in regions where planned
CS are preferred and widely practiced. Previous research aligns
with our results, showing increased odds of neonatal seizures
and CPAP treatment.

5 | Conclusions

In this large, population-based cohort study of term, singleton
births, planned CS was associated with a higher odds of requir-
ing respiratory support after birth, whereas the risk of neona-
tal acidemia was lower compared with planned vaginal birth.
No significant differences were observed between the groups
for other major adverse neonatal outcomes. Sub-analyses fur-
ther demonstrated that, when compared specifically with non-
instrumental vaginal births, planned CS was associated with
increased odds of both CPAP treatment and neonatal seizures
and acidemia was no longer significant. These findings high-
light the importance of distinguishing neonatal outcomes by in-
tended rather than actual mode of birth, as this more accurately
reflects clinical decision-making pathways.

Given the rising global rates of CS, the results underscore the
need for careful counselling and risk assessment when plan-
ning mode of birth. Although planned CS may mitigate the risk
of neonatal acidemia, it appears to confer an increased risk of
respiratory morbidity and, in some contexts, neurologic com-
plications. Clinicians should remain vigilant in the immediate
neonatal period, particularly for infants born via planned CS.
Further research is warranted to explore underlying mecha-
nisms, refine risk stratification, and inform guidelines to opti-
mise neonatal outcomes.
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