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Abstract: Introduction: Cesarean delivery (CS)
has been associated with altered neonatal physiologi-
cal transition due to the absence of labor-related hor-
monal and mechanical stimuli, which are essential for
effective cardiopulmonary and metabolic adaptation
after birth.

Aim: To evaluate the association between cesar-
ean delivery and early neonatal transition disorders in
term and late preterm newborns.

Methods: This prospective observational study
included 230 newborns > 35 weeks of gestation over
a 12-month period. Infants were divided into CS (n
= 100) and vaginal delivery (VD) groups (n = 130).
Outcomes included respiratory disorders (TTN, RDS),
need for respiratory support (CPAP/HFNC, oxygen
therapy), NICU admission, as well as metabolic dis-
turbances such as hypoglycemia.

Results: Cesarean delivery was associated with
significantly higher rates of TTN (28% vs 9%, p <0.001)
and RDS (12% vs 4%, p = 0.02). Infants in the CS
group more frequently required CPAP/HFNC (22% vs
7%, p <0.001), oxygen therapy (34% vs 12%, p <0.001),
and NICU admission (26% vs 10%, p < 0.001). Hypo-
glycemia was also more common following CS (18%
vs 7%, p=10.01).

Conclusion: Cesarean delivery is associated with
an increased risk of early neonatal transition disorders,
particularly respiratory and metabolic complications.
Optimizing the timing and indications for CS, along
with structured postnatal monitoring, may reduce ne-
onatal morbidity.
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INTRODUCTION

The transition from intrauterine to extrauterine
life involves rapid cardiopulmonary, metabolic, and
thermal adaptation. Vaginal delivery facilitates this
process through catecholamine surge, thoracic com-
pression, and enhanced lung fluid clearance (1, 2).

Cesarean delivery (CS) has been associated with
impaired neonatal physiological transition due to the
absence of labor-related hormonal and mechanical
stimuli, which are essential for effective cardiopul-
monary adaptation after birth (1-4). Vaginal delivery
triggers a catecholamine surge and thoracic compres-
sion that facilitate lung fluid clearance and metabolic
adaptation (3, 5).

Previous studies have consistently shown higher
rates of transient tachypnea of the newborn (TTN),
respiratory distress syndrome (RDS), hypoglycemia,
and NICU admission among infants born by CS (5-8).

PATIENTS AND METHODS
Study Design and Setting

This prospective observational study was con-
ducted over a 12-month period at a tertiary-level per-
inatal center with approximately 5,500 deliveries per
year. The study aimed to assess early neonatal out-
comes related to the mode of delivery in a real-world
clinical setting.
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Study Population

A total of 230 newborns with gestational age
>35 weeks were consecutively enrolled and stratified
according to mode of delivery into: cesarean section
(CS) group (n =100) and vaginal delivery (VD) group
(n=130)

Inclusion Criteria: Gestational age > 35 weeks,
Liveborn infants, Delivery by CS or VD, Availability
of complete perinatal and early neonatal data, Immedi-
ate postnatal assessment in the study center .

Exclusion Criteria: Major congenital anomalies,
Congenital heart disease, Proven or suspected congen-
ital infection, Severe perinatal trauma, Need for imme-
diate surgical intervention after birth

Data Collection

Maternal and neonatal data were collected pro-
spectively from delivery records and neonatal charts
using a standardized data collection form.

The following variables were recorded:

» Maternal data: age, parity, pregnancy complica-
tions (e.g., diabetes, hypertension), indication for ce-
sarean delivery

* Perinatal data: gestational age, birth weight, sex,
mode of delivery, Apgar scores

* Neonatal outcomes within the first 72 hours of life

Definition of Outcomes

* Transient tachypnea of the newborn (TTN):
diagnosed based on clinical signs of respiratory dis-
tress (tachypnea > 60/min, retractions) and compatible
chest X-ray findings

* Respiratory distress syndrome (RDS): de-
fined by clinical respiratory distress with radiographic
confirmation and/or need for surfactant therapy

* Respiratory support: requirement for CPAP or
high-flow nasal cannula (HFNC)

* Oxygen supplementation: need for supple-
mental oxygen to maintain adequate saturation

* NICU admission: transfer to neonatal intensive
care unit for monitoring or treatment

* Hypoglycemia: blood glucose < 2.6 mmol/L

* Hypothermia: body temperature < 36.5 °C

* Delayed feeding initiation: initiation of enteral
feeding later than 2 hours after birth

* Low Apgar score: Apgar <7 at 1 and/or 5 minutes

* Persistent pulmonary hypertension of the
newborn (PPHN): confirmed by echocardiography

Statistical Analysis

Statistical analysis was performed using SPSS
version 26.0 (IBM Corp., Armonk, NY, USA). Con-

tinuous variables were expressed as mean + standard
deviation (SD) and compared using Student’s t-test.
Categorical variables were presented as frequencies
and percentages and analyzed using the y? test or Fish-
er’s exact test when appropriate. A p-value < 0.05 was
considered statistically significant.

Ethical Considerations

The study was conducted in accordance with the
Declaration of Helsinki. Approval was obtained from
the institutional Ethics Committee. Given the observa-
tional nature of the study and use of anonymized data,
informed consent was not needed.

RESULTS

The baseline characteristics of the study popula-
tion were comparable between the cesarean delivery
(CS) and vaginal delivery (VD) groups, with no statis-
tically significant differences observed in gestational
age, birth weight, sex distribution, or proportion of late
preterm infants (Table 1).

Respiratory morbidity was significantly higher
in the CS group (Table 2). Infants delivered by cesar-
ean section had a markedly increased risk of transient
tachypnea of the newborn (TTN) (28% vs 9%; OR
3.83, 95% CI 1.83-7.99; p < 0.001) and respiratory
distress syndrome (RDS) (12% vs 4%; OR 3.41, 95%
CI1.16-10.03; p=0.02). The need for respiratory sup-
port was also significantly higher among CS infants,
including CPAP/HFNC therapy (22% vs 7%; OR
3.79, 95% CI 1.66-8.67; p < 0.001), oxygen supple-
mentation (34% vs 12%; OR 3.67, 95% CI 1.89-7.16;
p < 0.001), and NICU admission (26% vs 10%; OR
3.16, 95% CI 1.53-6.54; p < 0.001), indicating both
increased incidence and clinical severity of respiratory
transition disorders (Table 3).

Metabolic and thermal adaptation were also sig-
nificantly affected by mode of delivery. Hypoglycemia
was more frequent in the CS group (18% vs 7%; OR
2.95, 95% CI 1.26-6.88; p = 0.01), while hypother-
mia showed a trend toward higher incidence (21% vs
12%; OR 1.89, 95% CI 0.93-3.85; p = 0.05). Delayed
initiation of feeding occurred significantly more often
after cesarean delivery (39% vs 19%; OR 2.69, 95%
CI 1.48-4.87; p < 0.001), reflecting impaired early
postnatal adaptation (Table 3).

Evaluation of immediate neonatal condition
demonstrated that low Apgar score (<7 at 1 minute) was
significantly more frequent in the CS group (11% vs 4%;
OR 3.09, 95% CI 1.04-9.21; p = 0.03). However, no sig-
nificant difference was observed at 5 minutes (3% vs 2%;
OR 1.31,95% CI1 0.26-6.62; p = 0.67), suggesting effec-
tive stabilization with early postnatal support (Table 3).
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Table 1. Baseline characteristics of the study population

Variable (n =Cf0 0) (n Z]1)3 0) p-value
Gestational age (weeks) 38.1+1.0 384+1.1 0.09
Birthweight (g) 3220 +430 3255+410 0.47
Male sex (%) 53% 51% 0.78
Late preterm (%) 16% 14% 0.64
Table 2. Respiratory outcomes
Outcome CS (%) VD (%) p-value
TTN 28 9 <0.001
RDS 12 4 0.02
CPAP/HFNC 22 7 <0.001
Oxygen therapy 34 12 <0.001
NICU admission 26 10 <0.001
Table 3. Odds ratios for neonatal outcomes associated with cesarean delivery (CS vs VD)
Outcome CS (n=100) VD (n =130) OR 95% CI p-value
TTN 28% 9% 3.83 1.83-7.99 <0.001
RDS 12% 4% 341 1.16-10.03 0.02
CPAP/HFNC requirement 22% 7% 3.79 1.66-8.67 <0.001
Oxygen therapy 34% 12% 3.67 1.89-7.16 <0.001
NICU admission 26% 10% 3.16 1.53-6.54 <0.001
Hypoglycemia 18% 7% 2.95 1.26-6.88 0.01
Hypothermia 21% 12% 1.89 0.93-3.85 0.05
Feeding delay 39% 19% 2.69 1.48-4.87 <0.001
Apgar <7 (1 min) 11% 4% 3.09 1.04-9.21 0.03
Apgar <7 (5 min) 3% 2% 1.31 0.26-6.62 0.67
PPHN 1% 1% 1.30 0.08-21.05 1.00

Persistent pulmonary hypertension of the new-
born (PPHN) was rare, with no significant difference
between groups (one case in each group; OR 1.00, p =
0.98), indicating that mode of delivery did not influ-
ence its occurrence in this cohort.

DISCUSSION

This study demonstrates a strong and clinical-
ly meaningful association between cesarean delivery
and impaired neonatal transition, affecting respirato-
ry, metabolic, and thermal adaptation in term and late
preterm infants. These findings support the concept
that physiological processes triggered during vaginal
delivery play a critical role in preparing the newborn
for extrauterine life.

The increased respiratory morbidity observed in
our study is consistent with previous reports demon-
strating impaired lung fluid clearance in the absence of

labor (3, 5, 9, 10). Vaginal delivery is characterized by
a surge in catecholamines, which promotes lung fluid
absorption, enhances surfactant release, and facilitates
the transition from fluid-filled to air-filled lungs. In
cesarean delivery, particularly when performed elec-
tively without labor, this hormonal cascade is attenu-
ated or absent. Additionally, the lack of thoracic com-
pression during passage through the birth canal fur-
ther contributes to retained lung fluid. Together, these
mechanisms provide a plausible explanation for the
significantly higher rates of TTN and RDS observed
in our cohort. In this context, global trends showing
increasing cesarean delivery rates further emphasize
the clinical relevance of these findings (8, 9).
Importantly, our results extend beyond respiratory
outcomes and highlight a broader disruption of neona-
tal adaptation. Higher rates of hypoglycemia may be
explained by altered hormonal adaptation and delayed
feeding initiation, as described in earlier studies (10,
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11). The absence of stress-induced hormonal respons-
es, including catecholamine-mediated glycogenolysis
and gluconeogenesis, may predispose these infants to
impaired glucose homeostasis. Furthermore, delayed
initiation of feeding—likely influenced by maternal
postoperative recovery and reduced early skin-to-skin
contact—may further contribute to metabolic instability.

Thermal adaptation also appeared to be compro-
mised, as evidenced by higher rates of hypothermia in
the CS group. This may reflect a combination of en-
vironmental factors in the operating room setting and
delays in maternal—infant contact. Together with feed-
ing delays, these findings underscore the importance
of optimizing immediate postnatal care practices fol-
lowing cesarean delivery.

Although differences in Apgar scores at 1 minute
suggest a slower initial transition in CS-delivered in-
fants, the lack of difference at 5 minutes is reassuring
and indicates that most infants respond well to early
supportive care. Nevertheless, the need for such inter-
ventions remains clinically relevant, as it places addi-
tional demands on neonatal services and may impact
early mother—infant bonding.

The absence of a difference in persistent pulmonary
hypertension of the newborn (PPHN) between groups
is noteworthy. Unlike transient respiratory disorders,
PPHN is a multifactorial condition often associated with
severe perinatal stress, infection, or underlying pulmo-
nary pathology. Therefore, mode of delivery alone may
not be a sufficient determinant of its occurrence.

Although our findings demonstrate a robust asso-
ciation between cesarean delivery and impaired early
neonatal transition, several potential confounding fac-
tors should be considered when interpreting these re-
sults. First, the indication for cesarean section was not
stratified in detail (elective vs. emergency CS), which
may have influenced neonatal outcomes. Emergency
cesarean deliveries are often preceded by fetal distress,
labor complications, or maternal comorbidities, all of
which independently increase the risk of respiratory
and metabolic disturbances in the newborn. Therefore,
part of the observed effect may be attributable to un-
derlying obstetric or fetal conditions rather than the
mode of delivery itself.

Second, maternal factors such as diabetes, hy-
pertensive disorders, obesity, and antenatal steroid
exposure were not analyzed separately in multivaria-
ble models. These conditions are known to influence
neonatal respiratory adaptation, glucose homeostasis,
and thermoregulation, and may partially confound the
observed associations. Although baseline characteris-
tics were comparable between groups, residual con-
founding cannot be excluded due to the observational
study design.

Third, gestational age within the near-term spec-
trum (35-38 weeks) represents a biologically heter-
ogeneous group, in which even small differences in
maturity may influence respiratory outcomes. While
our cohort included both term and late preterm infants,
more granular stratification could further clarify the
interaction between gestational maturity and mode of
delivery.

From an organizational and health system per-
spective, the increased incidence of transition disor-
ders in infants delivered by cesarean section has im-
portant implications for perinatal care planning. The
higher need for respiratory support (CPAP/HENC),
oxygen therapy, and NICU admission observed in our
study indicates increased utilization of neonatal inten-
sive care resources among CS-delivered infants. This
may contribute to higher healthcare costs, increased
workload for neonatal staff, and potential strain on
NICU capacity, particularly in centers with high cesar-
ean section rates.

Furthermore, the increased frequency of hypo-
glycemia monitoring, thermal instability management,
and delayed feeding highlights the need for structured
post-cesarean newborn care pathways. Implementa-
tion of standardized protocols—including early glu-
cose screening, proactive thermoregulation, and early
skin-to-skin contact—may reduce variability in care
and improve early neonatal stabilization.

At a broader system level, our findings support
the importance of multidisciplinary strategies aimed
at reducing non-medically indicated cesarean sections
and optimizing timing of elective procedures, particu-
larly avoiding deliveries before 39 weeks of gestation
when possible. Additionally, strengthening delivery
room preparedness for respiratory support in CS-born
infants may improve outcomes and reduce NICU ad-
missions.

Overall, while cesarean delivery remains a safe
and often life-saving intervention, our data suggest that
it is associated with increased neonatal resource utili-
zation and requires targeted organizational planning to
mitigate its short-term physiological consequences.

CONCLUSION

Cesarean delivery is associated with a significant-
ly increased risk of early neonatal transition disorders in
term and late preterm infants. In our study, infants born
via cesarean section demonstrated higher rates of res-
piratory morbidity, including transient tachypnea of the
newborn and respiratory distress syndrome, as well as
a greater need for respiratory support and NICU admis-
sion. In addition to respiratory complications, cesarean
delivery was also linked to impaired metabolic and ther-
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mal adaptation, reflected by higher incidences of hypo-
glycemia, hypothermia, and delayed initiation of feeding.

These findings emphasize that cesarean delivery
is not a neutral intervention from the neonatal perspec-
tive, but rather a factor that can influence multiple phys-
iological systems during the critical period of postnatal
adaptation. Although most of the observed complica-
tions are transient and manageable, their frequency and
the associated need for medical interventions highlight
a substantial impact on neonatal care, resource utiliza-
tion, and early mother—infant interaction.

From a clinical standpoint, our results support a
more cautious and individualized approach to the in-
dication and timing of cesarean delivery. Whenever
clinically feasible, delaying elective cesarean sections
until at least 39 weeks of gestation and allowing the
onset of labor may help promote more optimal neo-
natal adaptation. Furthermore, the implementation of
structured postnatal care protocols for infants deliv-
ered by cesarean section—including early respiratory
assessment, proactive thermal management, glucose
monitoring, and timely initiation of feeding—may
mitigate the risks identified in this study.

Future research should focus on differentiating
elective and emergency cesarean deliveries, as well as
exploring targeted interventions that could replicate
the beneficial physiological effects of labor. In addi-
tion, larger multicenter studies are needed to confirm
these findings and to further define strategies that opti-
mize neonatal outcomes in the context of rising global
cesarean section rates.

In conclusion, optimizing both obstetric decision-ma-
king and immediate neonatal care is essential to reduce
the burden of transition disorders associated with cesar-
ean delivery and to improve early neonatal outcomes.

Sazetak
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POVEZANOST IZMEDU POROPAJA CARSKIM REZOM I POREMECAJA
NEONATALNE TRANZICIJE KOD TERMINSKE I KASNO PRETERMINSKE
NOVORODENCADI: PROSPEKTIVNA OPSERVACIONA STUDIJA
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Uvod: Porodaj carskim rezom povezuje se sa iz-
menjenom neonatalnom fizioloskom tranzicijom usled
odsustva hormonalnih 1 mehanickih stimulusa karakte-
risti€nih za porodaj, a koji su kljucni za efikasnu kardi-
opulmonalnu i metaboli¢ku adaptaciju nakon rodenja.

Cilj: Procena povezanosti izmedu porodaja car-
skim rezom i ranih poremecaja neonatalne tranzicije
kod terminske i kasno preterminske novorodencadi.

Metode: Ova prospektivna opservaciona studija
obuhvatila je 230 novorodencadi gestacijske starosti >
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35 nedelja tokom perioda od 12 meseci. Deca su po-
deljena u grupu rodenih carskim rezom (CS, n = 100)
1 grupu rodenih vaginalnim putem (VD, n = 130). Is-
hodi su ukljucivali respiratorne poremecaje (prolazna
tahipneja novorodenceta — TTN, respiratorni distres
sindrom — RDS), potrebu za respiratornom potporom
(CPAP/HFNC, kiseonicka terapija), prijem u neonatal-
nu intenzivnu negu (NICU), kao i metabolicke pore-
mecaje poput hipoglikemije.

Rezultati: Porodaj carskim rezom bio je povezan
sa znacajno viSom ucestalos¢u TTN-a (28% naspram
9%, p <0,001) i RDS-a (12% naspram 4%, p = 0,02).
Novorodenc¢ad u CS grupi ¢esc¢e su zahtevala CPAP/
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