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A B S T R A C T

Background: Placental development, maternal adaptations to pregnancy, and birth outcomes appear to differ 
based on fetal sex. The aim of this prospective cohort study was to investigate first trimester markers of feto- 
placental development and birth outcomes in a large population of healthy women with autologous pregnan
cies according to fetal sex.
Methods: Healthy women with singleton pregnancies were enrolled at 11–13+6 weeks. At enrollment, maternal 
blood sample was collected for placental marker (Pregnancy Associated Plasma Protein A, free β-Human Cho
rionic Gonadotropin (HCG)), and ultrasound assessed mean pulsatility index of uterine arteries (UtA PI), 
placental volume and crown-rump length (CRL). Multi-adjusted generalized linear models were used to evaluate 
the associations between fetal sex, first trimester feto-placental markers, and pregnancy outcomes.
Results: Among 1052 pregnancies (523 male, 529 female), female fetuses showed lower first trimester mean UtA 
PI (β = -0.10 (95 % CI − 0.16; 0.03), p < 0.01) and CRL (β = -0.49 (95 % IC − 0.96; 0–04), p < 0.05), and higher 
free-β-hCG (β = 19.8 (95 % IC 13.8–25.8), p < 0.001) in multi-adjusted models. Female sex was associated with a 
69 % lower risk of preterm delivery. Male fetuses showed higher birth weight (p < 0.001). After excluding 
women undergoing a planned cesarean section, male fetuses showed lower arterial cord pH values regardless of 
the delivery mode (β = -0.21; 95 %IC: − 0.40; − 0–01, p < 0.05).
Conclusions: The present study highlights crucial differences in prenatal development and placentation between 
male and female fetuses, leading to significant differences in pregnancy duration and response to labor stress.

Background

Sexually dimorphic responses during intrauterine life have been 
consistently reported. Male and female fetuses not only differ in their 
risk of adverse pregnancy outcomes, but also differently impact short- 
and long-term maternal health [1,2]. Several studies have reported 
higher incidence of gestational diabetes mellitus (GDM) in male-bearing 

pregnancies (odds ratio (OR) ranging from 1.10 to 1.39), suggesting a 
fetal sex-specific effect on maternal metabolism [2,3]. Conversely, a 
meta-analysis on 219,575 singleton pregnancies revealed increased rates 
of preterm and very preterm preeclampsia in female-bearing pregnan
cies (OR 1.11, 95 % CI 1.02–1.21, and OR 1.36, 95 % CI 1.17–1.59, 
respectively), with no differences for term preeclampsia [4]. Early sex- 
specific vascular adaptations may link fetal sex to hypertensive 

Abbreviations: BMI, body mass index; GWG, gestational weight gain; ART, assisted reproductive technology; GA, gestational age; CRL, crown-rump length; BPD, 
biparietal diameter; UtA PI, uterine artery pulsatility index; EPV, estimated placental volume; PAPP-a, pregnancy-associated plasma protein-A; free β-HCG, free 
β-human chorionic gonadotropin; FGR, fetal growth restriction; GDM, gestational diabetes mellitus; CS, cesarean section; VD, vacuum delivery; aHR, adjusted hazard 
risk.

* Corresponding author at: Nutritional Sciences, Università degli Studi di Milano, Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico, via della Com
menda 12, 20122 Milan, Italy.

E-mail addresses: francesca.parisi@unimi.it (F. Parisi), chiara.lubrano@unimi.it (C. Lubrano), elisabetta.marelli@unimi.it (E. Marelli), chiara.coco@unimi.it
(C. Coco), gaia.anelli@unimi.it (G.M. Anelli), chiara.novielli@asst-fbf-sacco.it (C. Novielli), valeria.savasi@unimi.it (V.M. Savasi), irene.cetin@unimi.it (I. Cetin). 

Contents lists available at ScienceDirect

European Journal of Obstetrics & Gynecology and  
Reproductive Biology

journal homepage: www.journals.elsevier.com/european-journal-of-obstetrics-and-gynecology-and- 

reproductive-biology

https://doi.org/10.1016/j.ejogrb.2025.114735
Received 11 June 2025; Received in revised form 16 September 2025; Accepted 22 September 2025  

European Journal of Obstetrics and Gynecology 315 (2025) 114735 

Available online 22 September 2025 
0301-2115/© 2025 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ). 

https://orcid.org/0000-0003-2017-7869
https://orcid.org/0000-0003-2017-7869
https://orcid.org/0000-0002-8639-5095
https://orcid.org/0000-0002-8639-5095
mailto:francesca.parisi@unimi.it
mailto:chiara.lubrano@unimi.it
mailto:elisabetta.marelli@unimi.it
mailto:chiara.coco@unimi.it
mailto:gaia.anelli@unimi.it
mailto:chiara.novielli@asst-fbf-sacco.it
mailto:valeria.savasi@unimi.it
mailto:irene.cetin@unimi.it
www.sciencedirect.com/science/journal/03012115
https://www.journals.elsevier.com/european-journal-of-obstetrics-and-gynecology-and-reproductive-biology
https://www.journals.elsevier.com/european-journal-of-obstetrics-and-gynecology-and-reproductive-biology
https://doi.org/10.1016/j.ejogrb.2025.114735
https://doi.org/10.1016/j.ejogrb.2025.114735
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ejogrb.2025.114735&domain=pdf
http://creativecommons.org/licenses/by/4.0/


disorders of pregnancy, as supported by sex differences in early 
placental biomarkers (i.e. soluble fms-like tyrosine kinase-1 (s-Flt1), 
placental growth factor (PlGF)) in maternal serum from male and female 
pregnancies [5]. Additionally, maternal long-term health appears to be 
more affected by sons compared to daughters, with reduced maternal 
longevity probably due to their highly demanding intrauterine growth 
trajectory [6].

To explain higher male perinatal mortality, the theory of a ’’more 
dangerous life in the womb’’ was proposed [7], suggesting that male 
fetuses prioritize growth over placental reserve, while females enhance 
vasculogenesis and resilience to stress [8]. However, a recent study on 
hypertensive disorders has contradicted this theory, showing a greater 
reduction in birth weight among non-surviving females and no excess 
mortality among males [9].

This prospective study aims to longitudinally investigate the asso
ciations between fetal sex, first trimester biochemical and ultrasound 
placental markers, and pregnancy outcomes in healthy singleton 
autologous pregnancies. The findings may support the development of 
sex-specific prenatal care based on distinct placental developmental 
pathways.

Materials and methods

This study is a subgroup analysis of the ongoing SIMPLE Study, a 
multicenter prospective observational cohort coordinated by “V. Buzzi” 
Children Hospital, Milan (Coordination Unit), involving 24 Italian ma
ternity units [10]. This analysis includes all women enrolled at the Co
ordination Unit between January 2020 and September 2023.

The protocol was approved by the Ethics Committee of ASST Fate
benefratelli Sacco, Milan (n. 46091/2018), and all participants provided 
written informed consent.

Women were consecutively enrolled at the time of first trimester 
screening (11+0-13+6 weeks), according to the following inclusion 
criteria: viable singleton pregnancy, maternal age ≥ 18 years, gesta
tional confirmed by crown-rump length (CRL) between 45–84 mm. 
Exclusion criteria: any pregestational diagnosis of chronic disease, with 
the only exclusion of compensated, non-autoimmune hypothyroidism; 
oocyte donation; fetal anomalies or aneuploidies; language barriers.

At enrollment, women filled a questionnaire on maternal age, pre
gestational body mass index (BMI), gestational weight gain (GWG), 
ethnicity, conception mode, lifestyle (i.e. smoking habit), and medical 
history.

Serum pregnancy-associated plasma protein-A (PAPP-A) and free 
β-human chorionic gonadotropin (free β-hCG) were analyzed using 
chemiluminescent immunometric assay (BRAHMS Kryptor, Hennigs
dorf, Germany).

Ultrasound was performed by certified sonographers following In
ternational Society of Ultrasound in Obstetrics and Gynecology (ISUOG) 
guidelines. Transabdominal uterine arteries (UtA) Doppler velocimetry 
was obtained identifying the artery from a midsagittal view to the par
acervical vascular plexus [11]. Pulsatility index (PI) was calculated as 
(systolic – diastolic velocity) / mean velocity over the cardiac cycle. A 
two-dimensional measurement of the estimated placental volume (EPV) 
was performed according to the formula proposed by Sonek J. et al, 
based on placental width (distance among placental edges, perpendic
ular to the placental surface), height (distance from the uteroplacental 
interface to the width line) and thickness (distance from the uteropla
cental interface to the fetal surface of placenta) [12].

Pregnancy and birth outcomes including fetal sex, pregnancy com
plications, gestational age and weight gain at birth, APGAR score at 5 
min, neonatal anthropometric measurements (birth weight, length, head 
circumference), and delivery mode (vaginal delivery versus planned 
cesarean section (CS) versus emergency CS versus vacuum delivery 
(VD)) were recorded from medical registry. Arterial cord blood analysis 
for oxygenation and acid-base balance was performed after delayed cord 
clamping regardless of the delivery mode.

Statistical analysis

Maternal characteristics, biochemical and ultrasound variables, and 
birth outcomes were described as medians and ranges for quantitative 
variables, and absolute and relative frequencies for categorical vari
ables. Comparisons between fetal sex subgroups were performed using 
Chi-square, Kruskal-Wallis, or t-tests, as appropriate.

Generalized linear models adjusted for confounders (gestational age, 
maternal age, parity, ethnicity, educational level, pregestational BMI, 
GWG at enrollment, smoking habit, conception mode) were estimated to 
investigate associations between fetal sex (independent variable), first 
trimester biochemical (PAPP-A, free ß-HCG) and ultrasound (mean UtA 
PI, EPV) markers, as well as pregnancy outcomes (gestational age at 
birth, birth weight, blood loss) (dependent variables). Additionally, a 
sensitivity analysis excluding outlier values (defined as ± 3 SD) was 
conducted for the dependent continuous variables significantly associ
ated with fetal sex. Multi-adjusted regression models including the 
previously defined confounding factors were designed to evaluate the 
associations between fetal sex and rates of adverse pregnancy outcome 
(preterm delivery, GDM, hypertensive disorders of pregnancy, fetal 
growth restriction (FGR)). When pregnancy outcome data were 
considered as the dependent variable, additional adjustment for gesta
tional age and GWG at term was performed. Finally, the same multi
variate models were estimated after the exclusion of women undergoing 
planned CS, to evaluate the associations between fetal sex (independent 
variable), delivery mode (vaginal versus emergency CS + VD), and 
arterial cord gas analysis (pH) (dependent variables), with further 
adjustment for any pregnancy complication.

P-values < 0.05 were considered statistically significant. All analyses 
were performed using SPSS Statistics for Windows, Version 29.0 (IBM 
Corp. Armonk, New York, NY, USA).

Results

Overall, 1052 singleton pregnancies were included, carrying 523 
male and 529 female fetuses. Table 1 presents maternal baseline char
acteristics and first-trimester placental markers for the total population 
and by fetal sex. The two subgroups were homogeneous for all maternal 
characteristics, except for maternal age, being significantly higher in 
women carrying female fetuses. Regarding placental markers, male 
pregnancies showed significantly higher UtA mean PI and lower free 
β-hCG levels compared to female pregnancies, whereas gestational age 
at enrollment, EPV and fetal biometry were comparable.

Additionally, a sensitivity analysis excluding outliers for UtA mean 
PI and free β-hCG confirmed these differences after verifying normal 
distribution (Kolmogorov-Smirnov test): UtA mean PI was 1.52 in males 
vs. 1.38 in females (p < 0.05), and free β-hCG was 55.1 ng/ml in males 
vs. 67.6 ng/ml in females (p < 0.001).

Table 2 shows birth outcomes of the total study population and 
subgroups. Significant differences in neonatal biometry (birth weight, 
head circumference) were detected between the two study subgroups, 
whereas gestational age at delivery and adverse pregnancy outcome 
rates were comparable. No significant sex-based differences emerged in 
main adverse outcomes related to placental insufficiency (FGR: 14 (2.9 
%) males versus 14 (2.9 %) females; hypertensive disorders of preg
nancy:13 (2.7 %) males and 16 (3.3 %) females) and in gestational 
diabetes mellitus diagnosis (GDM: 62 (13 %) males versus 53 (10.9 %) 
females). Preterm delivery occurred in 25 cases (4.8 %) of male vs 17 
cases (3.2 %) of female pregnancies.

Additionally, a sensitivity analysis was conducted by excluding 
outlier values for birth weight and head circumference. After confirming 
a normal distribution using the Kolmogoron-Smirnov test, the analysis 
further confirmed significant differences in birth weight (mean values: 
3346.6 g for male versus 3239.1 g for female fetuses, p < 0.05) and head 
circumference (mean values: 34.4 for male versus 33.9 cm for female 
fetuses, p < 0.05).
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The results from generalized linear and logistic regression models are 
shown in Table 3. After adjusting for the previously defined confounding 
factors, female pregnancies were significantly associated with reduced 
CRL, reduced UtA mean PI, increased free-β-hCG concentrations, longer 
gestation, and a 69 % lower risk of preterm birth. Male sex was associ
ated with increased birth weight and head circumference.

The sensitivity analysis excluding outlier values confirmed signifi
cant associations between male sex and UtA mean PI (β = 0.08, (95 % CI: 
0.02; 0.15), p < 0.001), free- β-HCG (β = -12.7, (95 % CI: − 16.8; − 8.8), 
p < 0.001), birth weight (β = 121.5, (95 % CI: 75.5; 167.5), p < 0.001), 
and head circumference (β = 0.37, (95 % CI: 0.06; 0.68), p < 0.05). 
Conversely, after the exclusion of GA outlier values, which resulted in 
the removal of preterm deliveries, the association between fetal sex and 

gestational age was no longer significant (male versus female: β = -0.67 
(95 % CI: − 1.57; 0.24), p = 0.15).

Generalized linear models were performed for continuous dependent 
variables and logistic regression models were performed for categorial 
dependent variables. All models were adjusted for maternal age 
(continuous), ethnicity (non-caucasian versus caucasian), BMI (contin
uous), smoking habit (current versus ex/never), educational level (high 
versus intermediate versus low), conception mode (spontaneous versus 
ART), parity (nulliparous versus multiparous). The analyses on first 
trimester markers were additionally adjusted for gestational age (days) 
at the time of the marker assessment (continuous) and first trimester 
gestational weight gain (continuous). Beta-values represent the amount 
of change in the dependent variable in female compared to male fetuses. 
Bold-type highlights the significant results (p values < 0.05). * Regres
sion models for preterm delivery include additional adjustment for hy
pertensive disorders of pregnancy, fetal growth restriction, and 
gestational diabetes mellitus, considering these as iatrogenic causes of 
prematurity. UtA PI: uterine artery pulsatility index; CRL: crown-rump 
length; PAPP-a: pregnancy-associated plasma protein-A; free β-HCG: 
free β-human chorionic gonadotropin; GA: gestational age; FGR: fetal 
growth restriction; GDM: gestational diabetes mellitus.

Finally, after excluding 133 women with planned CS, multivariate 

Table 1 
Baseline characteristics and first trimester feto-placental markers in the study population and fetal sex subgroups.

Total population 
(n = 1052)

Male fetuses 
(n = 523)

Female fetuses 
(n = 529)

p

Maternal characteristic
Age, years, median (range) 33 (18–49) 33 (18–46) 34 (19–49) 0.01
BMI, kg/m2, median (range) 21.5 (15.9–46.3) 21.4 (15.9–46.3) 21.5 (16.0–39.4) 0.84
Obesity, n (%) 36 (3.5) 20 (3.9) 16 (3.1) 0.46
First trimester GWG, kg, median (range) 1.0 (− 7.0–––12.5) 1.0 (− 6.2–––6.5) 1.0 (− 6–––12.5) 0.88
Ethnicity, non-caucasian, n (%) 83 (7.9) 37 (7.1) 46 (8.7) 0.33
ART conception, n (%) 43 (4.1) 21 (4.0) 22 (4.2) 0.91
Low educational status, n (%) 63 (6.0) 29 (5.6) 34 (6.4) 0.83
Nulliparous, n (%) 599 (56.9) 298 (57) 301 (56.9) 0.98
Smoking habit, yes, n (%) 41 (3.9) 19 (3.6) 22 (4.2) 0.66
Alcohol consumption, yes, n (%) 27 (3.2) 12 (2.9) 15 (3.4) 0.62
First trimester ultrasound and biochemical markers
GA, days, median (range) 87 (77–97) 87 (77–97) 87 (77–97) 0.40
CRL, mm, median (range) 61.2 (45.0–82.0) 60.4 (45.3–82.0) 60.3 (45.0–78.3) 0.85
BPD, mm, median (range) 20.7 (14.2–28.2) 20.7 (14.2–28.2) 20.4 (14.5–26.0) 0.14
UtA PI mean, median (range) 1.43 (0.10–3.58) 1.50 (0.27––3.58) 1.38 (0.10–3.35) 0.01
EPV, mL, median (range) 63.2 (10.4––207.8) 60.6 (13.2–––201.7) 64.3 (10.4–––207.8) 0.15
PAPP-a, mIU/ml, median (range) 1.59 (0.19–13.9) 1.54 (0.19–13.9) 1.59 (0.26–8.94) 0.71
free β-HCG, ng/ml, median (range) 55.1 (0.7–472.0) 50.3 (0.7–285.0) 68.8 (2.2–472) <0.001

Chi square and Kruskal Wallis or t-tests were used to compare baseline characteristics and first trimester ultrasound and biochemical markers between the two 
subgroups, as appropriate. Bold-type highlights the significant results (p values < 0.05). Obesity was defined as maternal pregestational BMI ≥ 30 kg/m2. BMI: body 
mass index; GWG: gestational weight gain; ART: assisted reproductive technology; GA: gestational age; CRL: crown-rump length; BPD: biparietal diameter; UtA PI: 
uterine artery pulsatility index; EPV: estimated placental volume; PAPP-a: pregnancy-associated plasma protein-A; free β-HCG: free β-human chorionic gonadotropin.

Table 2 
Birth outcomes in the total study population and fetal sex subgroups.

Characteristic at 
delivery

Total 
population 
(n ¼ 1052)

Male fetuses 
(n ¼ 523)

Female 
fetuses 
(n ¼ 529)

p

GA, days, median 
(range)

278 
(153–308)

277 
(153–308)

278 
(225–307)

0.10

GWG, kg, median 
(range)

11.9 
(− 10–––28)

12 
(− 10–––28)

12 (− 4–––23) 0.87

Blood loss, mL, 
median (range)

300 
(50–2500)

300 
(50–2000)

300 
(100–2500)

0.98

Birth weight, g, 
median (range)

3280 
(977–4570)

3310 
(977–4570)

3250 
(1190–4310)

<0.001

Head 
circumference, 
cm, median 
(range)

34.0 
(31.0–52.5)

34.0 
(31.0–52.5)

34.0 
(28.0–41.0)

0.01

Arterial cord pH 7.25 
(6.97–7.54)

7.24 
(6.98–7.54)

7.25 
(6.97–7.48)

0.61

Apgar Score 5 min 10 (4–10) 10 (5–10) 10 (4–10) 0.94
Induction of labor, 

yes, n (%)
345 (33.1) 169 (32.6) 176 (33.6) 0.72

Delivery mode, 
emergency CS and 
VD, n (%)

149 (14.3) 78 (15.0) 71 (14.3) 0.48

Kruskal Wallis and Chi-square tests were used to compare pregnancy outcomes 
between the two subgroups. Bold-type highlights the significant results (p 
values < 0.05). GA: gestational age; GWG: gestational weight gain; CS: cesarean 
section; VD: vacuum delivery.

Table 3 
Multi-adjusted associations between fetal sex, first trimester feto-placental 
biochemical and ultrasound markers, and pregnancy outcomes.

First trimester marker β 95 %CI p

UtA mean PI ¡0.10 ¡0.16; ¡0.03 <0.01
CRL ¡0.49 ¡0.96; ¡0.04 <0.05
PAPP-a 0.06 − 0.10; 0.22 0.46
Free β-HCG 19.8 13.8; 25.8 <0.001
Delivery outcome β 95 %CI p
GA at delivery 1.52 0.16; 2.88 <0.05
Blood loss − 5.17 − 46.9; 36.6 0.80
Birth weight ¡128.9 ¡175.6; ¡82.3 <0.001
Head circumference ¡0.51 ¡0.99; ¡0.04 <0.05
Adverse outcome aHR 95 %CI p
Hypertensive disorders 1.32 0.59; 2.93 0.48
FGR 0.98 0.46; 2.10 0.97
Prematurity* 0.31 0.12; 0.82 <0.05
GDM 0.75 0.50; 1.13 0.17
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models showed no association between fetal sex and the rates of emer
gency CS and VD, but male sex was significantly associated with lower 
arterial cord pH at birth (β = − 0.21; 95 % CI: − 0.40; − 0–01, p < 0.05).

Discussion

The present study shows significant associations between fetal sex 
and intrauterine growth in multi-adjusted models, with increased CRL in 
the first trimester and birth weight in male compared to female fetuses. 
Additionally, male sex was significantly associated with early markers of 
placental development. These associations were confirmed and further 
strengthened in sensitivity analyses after excluding outlier values. 
Conversely, female sex was associated with longer pregnancy duration 
and a lower risk of preterm delivery. Finally, in women with planned 
vaginal delivery, male sex was significantly associated with reduced 
cord blood pH, regardless of delivery mode.

Our findings align with previous studies showing sex-based growth 
differences starting from the first trimester. Galjaard et al. retrospec
tively collected 12,368 pregnancies, deriving sex-specific fetal growth 
curves between male and female fetuses and observing significantly 
heavier and longer boys than girls at birth [13]. Despite the larger 
sample size, the retrospective design and no adjustment for any con
founding factors made the comparison between males and females 
difficult to interpret. In line with our data, the authors additionally re
ported lower Apgar scores at 1 min (p = 0.01) and arterial cord pH 
values (p < 0.001) in boys. Bukowski et al. also described increased CRL 
measurement in male fetuses, in agreement with our results [14].

Secondly, a significant association between fetal sex and first 
trimester placental markers emerged in models adjusted for placental 
dysfunction-related confounders. Our results are in line with previous 
data showing elevated β-hCG levels in female pregnancies, likely due to 
sex-related differences in hormone production or metabolism [15]. 
More recently, a large study on 1.1 million first-trimester serum samples 
showed 11 % higher β-hCG levels in female fetuses, with minimal 
variation by maternal characteristics, all included here as confounding 
factors [16]. Elevated β-hCG levels have been linked to increased pre
eclampsia risk (OR 2.08, 95 % CI 1.26 to 3.44), possibly explaining the 
female predominance observed in hypertensive pregnancies [17,18]. 
Although our results confirmed a strong positive association between 
female sex and first trimester β-hCG concentrations in multi-adjusted 
models, we did not observe an association with hypertensive disor
ders, likely due to their very low incidence in our study population (see 
Table 2).

Our results also showed significantly higher UtA mean PI values in 
male than female fetuses. A smaller prospective study on 240 pregnan
cies showed no UtA PI differences from 14 to 40 weeks in uncomplicated 
pregnancies by fetal sex. However, only male fetuses in complicated 
pregnancies (preeclampsia, preterm birth, or fetal growth restriction) 
showed a steeper UtA PI slope than females (p < 0.0001), suggesting 
progressively impaired uterine blood flow in males [19]. In our larger 
cohort, a significant sex-specific difference was observed in both 
complicated and uncomplicated pregnancies as early as the first 
trimester, even after adjustment for maternal characteristics potentially 
influencing uteroplacental hemodynamics. Similarly to the present data, 
Broere-Brown and colleagues showed on 8224 liveborn singleton preg
nancies higher UtA PI in male than female pregnancies during the sec
ond and third trimester, with a higher prevalence of UtA notching in 
males [5]. These findings corroborate the hypothesis of sex-specific 
placentation processes, with a more vasoconstricted state and defec
tive implantation processes in male pregnancies. This is in line with data 
reporting increased miscarriage rates among male embryos, with an 
additional higher risk of perinatal mortality and morbidity in male fe
tuses that survived the placentation period [20–22]. hCG, as a syncy
tiotrophoblast product regulating progesterone production by the 
corpus luteum, endometrial decidualization and receptivity, and uterine 
angiogenesis, might represent the causal link between fetal sex (with 

differences in hCG concentrations), defective placentation, adaptive or 
divergent strategies, and increased miscarriage and mortality rates in 
male pregnancies [5,23].

Although the sample size of the present study did not allow to 
investigate associations with perinatal mortality, our findings indicated 
that male sex was associated with a shorter pregnancy duration and a 
higher risk of preterm delivery compared to female pregnancies. This 
may be related to defective placentation, as suggested by the decreased 
hCG concentrations and increased mean PI measurements in the uterine 
arteries during the first trimester. A higher degree of maternal and 
placental inflammation, strongly related to preterm delivery, was 
accordingly described in pregnancies with a male fetus, both through 
placental histological examination and maternal circulating levels of 
proinflammatory cytokines [24]. Our group previously reported 
different placental biometry in overweight pregnancies depending on 
fetal sex, with significant adaptive changes only in female fetuses [25]. 
Additionally, we reported a significant decrease in placental expression 
of the Vascular Endothelial Growth Factor in pregnancies of obese 
mothers carrying male fetuses [26]. Taken together, these data support 
the hypothesis that the obesogenic maternal environment leads to an 
increased growth trajectory in male fetuses at the expense of placental 
functionality and development.

Lastly, our results showed a significant reduction in umbilical artery 
pH values in the subgroup of boys undergoing a planned vaginal de
livery, independently on the delivery mode (successful vaginal delivery 
or emergency CS and VD). A prospective cohort study investigating 
intrapartum electronic fetal monitoring patterns on 2,639 singleton 
term deliveries reported a higher number of decelerations, increased 
total deceleration area, and increased risk of prolonged and repetitive 
decelerations among male than female fetuses [27]. Another retro
spective analysis on 69,836 patients from a hospital-database showed 
lower feto-placental weight ratios, higher umbilical vein and lower 
umbilical artery oxygen values in female than male newborns, as to 
indicate lower placental efficiency, increased uterine perfusion and 
improved oxygen utilization capacity in the subgroup of girls [28]. 
These findings are in line with our results, possibly indicating improved 
oxygen reserves and resilience to the stress of labor in female than male 
fetuses.

The present study has several limitations. Firstly, it focuses exclu
sively on healthy women with no comorbidities and low-risk pregnan
cies, all of whom underwent prenatal screening for aneuploidies. This 
could introduce selection bias, as highly educated women without 
religious objections are more likely to opt for prenatal screening. 
Additionally, as required by internal protocols, all participants received 
a detailed counselling on a healthy diet, physical activity, and a sup
plementation program, further individualized based on pregestational 
BMI and dietary restrictions (e.g. vegan diet). This type of intervention 
may not be routinely provided in other similar settings, thus limiting the 
external validity of our findings. Furthermore, this intervention may 
also explain the low rates of adverse pregnancy outcomes, which pre
cluded analyses of placental-insufficiency related diseases (i.e. HDP, 
FGR) as primary outcomes associated with first trimester markers (UtA 
PI, biochemical markers).

Despite the longitudinal design, data on second- and third-trimester 
ultrasound and biochemical placental markers, as well as placental 
histology at delivery, were not available. The finding of a lower risk of 
preterm delivery among female pregnancies, although consistent with 
previous literature, was based on small absolute numbers (25 vs. 17 
cases) and a wide confidence interval, and therefore requires confir
mation in larger, high-risk populations. The same applies to the 
observed difference in arterial cord blood pH. Despite a statistically 
significant result when considering pH as a continuous variable, no cases 
of hypoxic-ischemic encephalopathy were diagnosed in our cohort, and 
only two newborns − evenly distributed between males and females- had 
a cord blood pH below 7.0. Furthermore, labor details — such as the 
epidural use, oxytocin infusion, or labor duration — were not recorded, 
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potentially confounding the observed differences in arterial cord pH. 
This highlights the uncertain clinical significance of this finding, which 
thus requires further confirmation in larger populations. On the other 
hand, this study presents several strengths. The monocenter design 
ensured centralized laboratory analyses and ultrasound measurements 
by a limited number of certified operators, reducing inter-operator 
variability. Although residual confounding could not be completely 
excluded, all known factors associated with intrauterine growth and 
placental development was considered in the final models.

Conclusions

The present study further highlights important differences in pre
natal developmental processes of growth and placentation between 
male and female fetuses, which lead to significant differences in preg
nancy duration and responses to labor. Given the need for individualized 
care in order to improve both short and long-term pregnancy outcomes, 
these findings contribute to the growing body of evidence suggesting 
that fetal sex should be taken into account in the future development of 
personalized care pathways..
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