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for some diseases in the last decades have progressively 
increased, such phenomenon is being understood only 
recently. This was possible analysing the development of 
organs and systems, as well as their functional recovery 
capacity following any injuries.

Methods and materials
We reviewed the articles published around the last 
twenty years on PubMed/Medline (http://www.ncbi.nlm.
nih.gov/PubMed), Embase (https://www.embase.com/
search/quick) and Ovid (http://www.ovid.com/) using 
the following terms: gender medicine, sex, newborn, and 
preterm. Forty-seven articles meeting the criteria were 
included. Papers concerning diagnostic or surgical pro-
cedures related to congenital malformations, syndromes 
involving the sexual apparatus, and lesions of the sexual 
organs were excluded.

Prenatal aspects and childbirth
Higher incidence of congenital diseases, preterm 
birth, and premature rupture of membranes have been 

Introduction
The aim of gender medicine is to pursue accuracy and 
personalization of diagnosis and treatment based on gen-
der evidences. Scientific studies, aimed at maximize the 
prevention programs, stress that there is a biological dif-
ference related to some diseases onset and to some drugs 
response. The difference by sex on neonatal mortality, 
calculated considering race and birth weight, was already 
known at the beginning of the last century [1], and it is 
inversely related to gestational age[2]. Recent data from 
the international database “Vermont Oxford Network” 
showed gender differences in both mortality and postna-
tal outcomes, with the worst prognosis for the male pop-
ulation [3]. Despite studies identifying sex as risk factor 
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Abstract
This narrative non-systematic review addresses the sex-specific differences observed both in prenatal period and, 
subsequently, in early childhood. Indeed, gender influences the type of birth and related complications. The risk 
of preterm birth, perinatal diseases, and differences on efficacy for pharmacological and non-pharmacological 
therapies, as well as prevention programs, will be evaluated. Although male newborns get more disadvantages, the 
physiological changes during growth and factors like social, demographic, and behavioural reverse this prevalence 
for some diseases. Therefore, given the primary role of genetics in gender differences, further studies specifically 
targeted neonatal sex-differences will be needed to streamline medical care and improve prevention programs.
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observed in pregnancies with male newborns [4]. Women 
carrying male foetuses had higher rates of gestational 
diabetes mellitus, foetal macrosomia, failure to progress 
during the first and second stages of labor, cord prolapse, 
nuchal cord, and true umbilical cord knots. Higher inci-
dence of caesarean sections (CS) and preterm births [5] 
with a higher overall mortality rate [6] have been found 
in male neonates [7]. The reasons are various and not 
fully understood yet.

A study on women undergoing elective CS with-
out complications showed a higher pro-inflammatory 
response in the plasma of male infants subjected to lipo-
polysaccharide stimulation [8]. Such a result could be a 
reason for premature membranes’ rupture and might 
explain the different reaction to neonatal infections.

The rate of free beta-hCG is, in the first trimester, sig-
nificantly higher in the female foetuses, while the con-
trary is for the pregnancy-associated plasma protein-A 
levels. That may explain an increased risk for Down 
syndrome reported in pregnancies with female foetuses, 
but without statistical significance [9]. Knippel et al. [10] 
found higher levels of alphafetoprotein (AFP) in male foetuses 
and, due to the higher incidence of malformations AFP-
related in females, hypothesized a protective role for this 
protein.

A possible additional reason justifying the disadvantage 
of male birth is the increased metabolic request due to 
the acceleration of growth, which causes greater vulner-
ability to minimal reductions in fetal oxygenation and 
blood flow, during both pregnancy and labor. Such dif-
ferences, albeit small in oxygenation and lactacidemia, 
could increase susceptibility to early neonatal infections 
[11], explaining the worst outcome in case of an adverse 
event.

Drugs in pregnancy and postnatal effects
Antenatal drugs exposure causes different effects 
depending on sex. Neonatal abstinence syndrome sec-
ondary to prenatal opioid exposure is significantly more 
frequent and severe in the male population [12], while 
females show more benzodiazepine deficiency symp-
toms, either alone or combined with opioid [13].

Among opioid-exposed infants, antidepressant medica-
tion co-exposure is common. Some studies, addressed to 
investigate its long-term effects, reported a worse influ-
ence on male neonates, mainly resulted in an increasing 
length of hospitalization, but without statistical signifi-
cance [14].

Infant gut microbiota, without differences between the 
sexes at birth but with small variations due to the type 
of delivery, can be influenced by maternal drugs assump-
tion. In a group of newborns with mothers requiring 
anti-asthma treatments during pregnancy, the amount 
of Lactobacilli in faeces resulted significantly lower in 

males [15], while a higher value of Bacteroidacæ has been 
recorded in females.

Postnatal period
postnatal adaptation is sex-related, due to both the higher 
prevalence of associated complications [16] and the abil-
ity to recover from an adverse event [17]. A neurobehav-
ioral follow-up study on premature babies born at less 
than 28 weeks of gestational age found a lower incidence 
of complications such as cerebral palsy, deafness, blind-
ness, and mental or psychomotor retardation in females 
[18].

Recently, a meta-analysis involving 41 studies and 
625,680 neonates confirmed this theory and demon-
strated greater clinical instability and need for invasive 
interventions in preterm males. Additionally, it reported 
higher rates of bronchopulmonary dysplasia (BPD), 
retinopathy of prematurity, necrotizing enterocolitis, 
intraventricular haemorrhage, and periventricular leuko-
malacia [19]. Although geographic factors, proper peri-
natal care and gestational age can reduce the gap between 
sexes, the feeling of generic “weakness” remains in males. 
Of note is its persistence even after hospital discharge, 
and especially for respiratory infections [20], until the 
first year of life [21].

Gender differences in the pulmonary develop are 
noticeable as early as 16–20 weeks of gestation. Mouth 
movements, related to both swallowing and intrauterine 
“respiratory function”, are more frequent in female fetuses 
[22]. Conversely, animal studies reported lower lung tis-
sue stability [23], reduced gas exchange with no improve-
ment in respiratory mechanics after steroid treatment 
[24], and an increased risk of lung injury due to hyper-
oxia [25] in males. A possible reason for this might be 
connected with the sex hormones levels circulating in the 
prenatal period. The amount of estrogen and progester-
one is comparable between genders, as they both result 
from transplacental passage, but testosterone levels are 
higher in males [26]. Another hypothesis focuses on the 
alveolar epithelial transport of Na+ as a determinant of 
the perinatal pulmonary transition [27], with differences 
among the sexes. Finally, a study carried out by measur-
ing the diversity in the expression of microRNA during 
fetal lung development hypothesized its role as a cofactor 
in lung diseases, both in neonatal and adulthood [28].

Furthermore, it is possible to hypothesize that delayed 
lung development observed in male newborns causes 
a gap between the development of the airways and the 
lung parenchyma, thereby increasing airway resistance. 
Overall, female fetuses produce surfactant earlier, move 
their mouths more, develop larger airways that are less 
reactive to insult, and develop more mature parenchyma. 
Therefore, males have a higher incidence and severity of 
respiratory distress syndrome, BPD, wheezing, asthma, 
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and chronic diffuse interstitial lung disease, while cystic 
fibrosis is more severe in girls, who have a higher risk of 
complications and worse outcomes [29].

Recently a large and comprehensive systematic review 
and meta-analysis of preterm babies with persistent 
patent ductus arteriosus (PDA) showed no difference 
between boys and girls in both the incidence and the 
response rate to pharmacological treatment [30]. A com-
mon conception among neonatologists is the interac-
tion between PDA and the respiratory evolution of the 
premature babies. The presence of a hemodynamically 
significant PDA is frequently suspected based on respi-
ratory findings, such as increased oxygen or mechanical 
ventilation requirements. Although male gender is asso-
ciated with an increased risk of RDS, higher rates of birth 
intubation, surfactant treatment, mechanical ventilation, 
and pneumothorax, the actual results suggest that the 
presence of PDA is unlikely to play a role in these sex dif-
ferences in respiratory courses.

On the other hand, congenital heart disease (CHD) is 
significantly influenced by gender, not only in terms of 
incidence and severity, but also in postnatal evolution 
and long-term outcomes. However, this influence is not 
universal, and varies depending on the type of anomaly 
considered [31]. Females have a higher incidence of less 
serious CHD, such as interventricular and interatrial 
defects, pulmonary stenosis, and aortic coarctation, 
while major pathologies like Fallot tetralogy or left hypo-
plastic heart are more prevalent in males [32]. After sur-
gical treatment, the volume index and ventricular masses 
are larger in males, as in the normal healthy population. 
Right ventricular hypertrophy and dilatation correlate 
with loading conditions in a similar way for both sexes. 
However, under comparable loading conditions, males 
show more severe functional impairment [33]. Although 
the clinical history of infants with CHD is related to gen-
der, there is no significant prevalence for either sex. A 
higher mortality rate has been reported in older males 
with CHD, while sudden cardiac death is more prevalent 
in young males. However, mortality for CHD after sur-
gery is higher among girls compared to boys, probably 
due to their smaller body size. Women are at higher risk 
of developing pulmonary arterial hypertension but at 
lower risk of adverse aortic outcomes, even though the 
possibility of them undergoing aortic surgery remains 
minimal. Moreover, females have a lower risk of infective 
endocarditis [34].

Observations from clinical research in humans have 
suggested a difference in brain and neuronal physiol-
ogy based on sex differences that begin in the fetal and 
newborn period, and extend throughout the human lifes-
pan into adulthood. In premature infants, girls have sig-
nificantly lower cerebral blood flow (CBF) than boys of 
similar gestational and postnatal age [35]; however, adult 

females have higher CBF than males. The mechanism 
regulating these differences are not well-understood, but 
the relative immaturity of CBF auto-regulation in pre-
mature infants may be the reason why females with rela-
tively lower cerebral blood flow have a lesser incidence of 
germinal matrix or intraventricular haemorrhage.

Pain sensitivity is another issue significantly connected 
with gender. Newborns and preterm male tolerate fewer 
painful stimuli [36, 37], although there is a difference in 
which side of the body is involved [38]. This is probably 
due to bilateral somatosensory cortical activation, which 
is less evident in females [39] and persists until adoles-
cence [40]. Conversely, a study conducted on an ex-pre-
term cohort in adulthood showed a lower capacity to 
modulate pain in females with a consequent increased 
risk of developing persistent pathological pain, although 
the reason for this is still unclear [41].

Differences between sexes exist in cellular and molecu-
lar development [42], which affect both normal neuronal 
function and the effectiveness of various therapies [43] in 
cases of brain damage. However, the correlation with the 
behavioural and psychological aspects is still a matter of 
discussion [44].

Sexual dimorphism of the fetus manifests during preg-
nancy. Intrauterine and postnatal growth nomograms are 
sex-specific. There is increasing evidence showing that 
from fetal life, boys and girls have different responses to 
maternal nutrition, and that maternal breastmilk compo-
sition differs based on fetal sex [45]. Furthermore, early 
neonatal nutritional interventions affect boys and girls 
differently, and early nutrition has sex-specific effects on 
both body composition and neurodevelopmental out-
comes [46, 47]. However, no studies have investigated 
whether nutritional requirements differ between the 
sexes. Thus, the current nutrition guidelines for preterm 
infants are unisex and could be sub-optimal. More infor-
mation is needed to determine sex differences in infants’ 
macronutrient requirements, such as whether preterm 
females require higher fat intake and preterm males 
require higher protein intake for optimal growth and 
neurodevelopmental outcomes [48].

Therapies effectiveness
Pharmacological treatments have varying efficacy and 
side effects depending on a patient’s sex, especially in 
preterm population [49]. Unfortunately, scientific lit-
erature seldom covers gender differences in infant phar-
macology, whether in randomized controlled studies or 
meta-analyses.

The pharmacological inhibition of prostaglandin 
synthesis has been shown to promote the stability of 
germinal matrix vessels and prevent intraventricular 
haemorrhage (IVH) in preterm rabbit pups. A similar 
effect has been reported in humans. Two large North 
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American trials investigated the early use of intravenous 
indomethacin in preterm infants at high risk for IVH, 
and the results showed a significant reduction in severe 
intraventricular haemorrhage in only the male papulation 
[50]. On the other hand, less positive long-term cognitive 
outcomes and a higher mortality rate were observed in 
female infants [51]. Therefore, this prophylaxis appears 
to be as beneficial for males as potentially harmful for 
females. Conversely, hydrocortisone for BPD prophylaxis 
is more effective in females, increasing bronchopulmo-
nary dysplasia-free survival rate [52].

Experimental studies carried out by administering 
caffeine (an adenosine receptor antagonist) to rats have 
shown several positive effects on respiratory pattern, 
such as an increase in respiratory frequency in the early 
phase of response to hypoxia and in tidal volume in the 
late phase of response. This effect has been observed 
exclusively in male rats [53], probably due to the long-
term effects on the nucleoside receptor system. In addi-
tion, the increased expression of the Adenosine (2  A) 
receptor, which is specific to male rats, may have affected 
adenosine-dopamine interactions that regulate chemo-
sensory activity.

Therapeutic hypothermia is a widely used proce-
dure to protect neonates from hypoxic–ischaemic brain 
injury [54], which was found to be more effective in the 
female population, particularly in medium and long-
term outcomes [55]. For the same purpose, experimen-
tal treatment with the infusion of stem cells did not show 
differences between genders [56].

Conclusions
The aim of gender medicine is to improve care by con-
sidering patient’s sex as a variable responsible for the 
onset and evolution of many diseases. Some differences 
are also reported among neonates, suggesting the need 
to consider sex variables in diagnostic and therapeutic 
pathways.

Overall, while the male population seems to be more 
affected by diseases and related complications in the first 
months of life, an inversion of trend has been noted dur-
ing growth for some conditions (Table 1). In addition to 
genetic and physiological aspects, social, demographic, 
and behavioural factors may also play an important role 
in this tendency. Based on the findings of this paper, we 
believe that a systematic review, including more sources 
and a larger period, could better clarify the role of gen-
der in neonatology. Therefore we believe it is necessary 
to carefully consider the sex variable in both scientific 
research and clinical practice to have the most appropri-
ate approach towards patients and to apply the most suit-
able care, therapies, and prophylaxis.
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Table 1  Summary of main differences in neonatal outcomes by gender
Male Female RR 95% CI Reference nr.

Preterm birth 28–37 wks + - 1.50 1.40–1.60 3, 5

Preterm birth < 28 wks + - 1.23 1.14–1.33 3, 5

Mortality within 12 h of birth + - 1.02 0.98–1.06 3, 4

Died before hospital discharge + - 1.15 1.12–1.17 3, 4

Neurobehavioral complications + - 2.00 1.60–1.50 18

Late onset sepsis + - 1.05 1.02–1.07 19

Transient tachypnea + - 1.25 1.03–1.52 20

Respiratory distress syndrome + - 1.09 1.04–1.14 19

Chronic lung disease + - 1.30 1.22–1.38 20, 29

Bronchopulmonary dysplasia + - 1.20 1.09–1.31 19, 20

Intraventricular haemorrhage + - 1.16 1.13–1.19 19

Retinopathy of prematurity + - 1.14 1.06–1.22 19

Necrotizing enterocolitis + - 1.14 1.03–1.26 19

Cystic fibrosis (mortality risk) - + 1.60 1.40–1.80 29

Mild congenital heart disease - + 1.23 1.19–1.27 32

Severe congenital heart disease + - 1.41 1.30–1.52 32

Pain related neonatal symptoms + - 1.14 1.05–1.23 38

Pain sensibility in ex-preterm - + 1.39 1.30–1.48 36, 37

Opioid abstinence syndrome + - 1.18 1.05–1.33 12

Benzodiazepine deficiency symptoms - + 1.51 1.04–2.21 13
+ = more affected; - = less affected; RR = relative risk ratio; 95% CI = 95% confidence intervals.



Page 5 of ﻿6Migliori et al. Italian Journal of Pediatrics           (2023) 49:65 

Author’s contribution
C.M.: conceptualization, writing preparation. M.B.: review and editing. 
V.S. and M.C.V: methodology, literature research and supervision. L.L.: 
conceptualization and review. All authors read and approved the final 
manuscript.

Funding
Not applicable.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 12 October 2022 / Accepted: 20 March 2023

References
1.	 Wyllie J. Sex differences in infant mortality. Can Public Health J. 

1933;24:177–85.
2.	 Abramson H. Critical review factors influencing premature infant mortality. J 

Pediatr. 1941;19:545–61.
3.	 Boghossian NS, Geraci M, Edwards EM, Horbar JD. Sex differences in mortality 

and morbidity of infants born at less than 30 weeks’ gestation. Pediatrics. 
2018;142:e20182352.

4.	 Naeye RL, Burt LS, Wright DL, Blanc WA, Tatter D. Neonatal mortality, the male 
disadvantage. Pediatrics. 1971;48:902–6.

5.	 Peelen MJCS, Kazemier BM, Ravelli ACJ, De Groot CJM, Van der Mol PJAM, 
Hajenius BWJ, Kok PJ. Impact of fetal gender on the risk of preterm birth, a 
national cohort study. Acta Obst Gynecol Scand. 2016;95:1034–41.

6.	 Mathews TJ, MacDorman MF. Infant mortality statistics from the 2007 period 
linked birth/infant death data set. Natl Vital Stat Rep. 2011;59:1–30.

7.	 Di Renzo GC, Rosati A, Donati Sarti R, Cruciani L, Cutuli AM. Does fetal sex 
affect pregnancy outcome? Gend Med. 2007;4:19–30.

8.	 Kim-Fine S, Regnault TRH, Lee JS, Gimbel SA, Greenspoon JA, Fairbairn J, 
Summers K, de Vrijer B. Male gender promotes an increased inflammatory 
response to lipopolysaccharide in umbilical vein blood. J Matern Fetal Neo-
natal Med. 2012;25:2470–4.

9.	 Yaron Y, Wolman I, Kupferminc MJ, et al. Effect of fetal gender on first 
trimester markers and on Down syndrome screening. Prenat Diagn. 
2001;21:1027–30.

10.	 Knippel AJ. Role of fetal sex in amniotic fluid alphafetoprotein screening. 
Prenat Diagn. 2002;22:941–5.

11.	 Nizet V, Klein JO. Bacterial sepsis and meningitis. In: Remington JS, et al. edi-
tors. Infectious diseases of the Fetus and Newborn Infant. 8th ed. Philadel-
phia: Elsevier Saunders; 2016. p. 217.

12.	 Charles MK, Cooper WO, Jansson LM, Dudley J, Slaughter JC, Patrick SW. Male 
sex associated with increased risk of neonatal abstinence syndrome. Hosp 
Pediatr. 2017;7:328–34.

13.	 Sanlorenzo LA, Cooper WO, Dudley JA, Stratton S, Maalouf FI, Patrick SW. 
Increased severity of neonatal abstinence syndrome associated with 
concomitant antenatal opioid and benzodiazepine exposure. Hosp Pediatr. 
2019;9:569–75.

14.	 Wachman EM, Warden AH, Thomas Z, Thomas-Lewis JA, Shrestha A, Nikita 
FNU, Shaw D, Saia K, Schiff DM. Impact of psychiatric medication co-
exposure on neonatal abstinence syndrome severity. Drug Alcohol Depend. 
2018;192:45–50.

15.	 Koleva PT, Tun HM, Konya T, Guttman DS, Becker AB, Mandhane PJ, Turvey 
SE, Subbarao P, Sears MR, Scott JA, CHILD Study Investigators. Sex-specific 

impact of asthma during pregnancy on infant gut microbiota. Euro Respir J. 
2017;50:5.

16.	 Lorente-Pozo S, Parra-Llorca A, Torres B, Torres-Cuevas I, Nuñez-Ramiro A, 
Cernada M, García-Robles A, Vento M. Influence of sex on gestational compli-
cations, fetal-to-neonatal transition, and postnatal adaptation. Front Pediatr. 
2018;6:63.

17.	 Fröhlich M, Tissen-Diabaté T, Bührer C, Roll S. Sex-specific long-term trends in 
length of hospital stay, postmenstrual age at discharge, and survival in very 
low birth weight infants. Neonatology. 2021;118:416–24.

18.	 Hintz SR, Kendrick DE, Vohr BR, Kenneth Poole W, Higgins RD. Nichd neonatal 
Research Network. Gender differences in neurodevelopmental outcomes 
among extremely preterm, extremely-low-birthweight infants. Acta Paediatr. 
2006;95:1239–48.

19.	 Van Westering-Kroon E, Huizing MJ, Villamor-Martínez E, Villamor E. Male 
disadvantage in oxidative stress-associated complications of prematurity: 
a systematic review, meta-analysis and meta-regression. Antioxidants. 
2021;10:1940.

20.	 Townsel CD, Sawyer F, Emmer SF, Winston A, Campbell WA, Hussain N. Gen-
der differences in respiratory morbidity and mortality of preterm neonates. 
Front Pediatr. 2017. https://doi.org/10.3389/fped.2017.00006.

21.	 O’Driscoll DN, McGovern M, Greene CM, Molloy EJ. Gender disparities in 
preterm neonatal outcomes. Acta Paed. 2018;107:1494–9.

22.	 Hepper PG, Shannon EA, Dornan JC. Sex differences in fetal mouth move-
ments. Lancet. 1997;350:1820.

23.	 Kotas RV, Avery ME. The influence of sex on fetal rabbit lung maturation and 
on the response to glucocorticoid. Am Rev Respir Dis. 1980;121:377–80.

24.	 Willet KE, Jobe AH, Ikegami M, Polk D, Newnham J, Kohan R, Gurrin L, Sly PD. 
Postnatal lung function after prenatal steroid treatment in sheep: effect of 
gender. Pediatr Res. 1997;42:885–92.

25.	 Lingappan K, Jiang W, Wang L, Couroucli XI, Moorthy B. Sex-specific differ-
ences in hyperoxic lung injury in mice: role of cytochrome P450 (CYP)1A. 
Toxicology. 2015;331:14–23.

26.	 Weisz J, Ward IL. Plasma testosterone and progesterone titers of pregnant 
rats, their male and female fetuses, and neonatal offspring. Endocrinology. 
1980;106:306–16.

27.	 Laube M, Thome UH. Y it matters - sex differences in fetal lung development. 
Biomolecules. 2022;12:437.

28.	 Lin NW, Liu C, Yang IV, Maier LA, DeMeo DL, WoodC, Ye S, Cruse MH, Smith VL, 
Vyhlidal CA, Kechris K, Sharma S. Sex-specific differences in microRNA expres-
sion during human fetal lung development. Front Genet. 2022;13:762834.

29.	 Liptzin DR, Landau LI, Taussig LM. Sex and the lung: observations, hypoth-
eses, and future directions. Pediatr Pulmonol. 2015;50:1159–69.

30.	 Borges-Lujan M, Gonzalez-Luis GE, Roosen T, Huizing MJ, Villamor E. Sex dif-
ferences in patent ductus arteriosus incidence and response to pharmaco-
logical treatment in preterm infants: a systematic review, meta-analysis and 
meta-regression. J Pers Med. 2022;12:1143.

31.	 Byung WY. Epidemiology of congenital heart disease with emphasis on sex-
related aspects. Adv Exp Med Biol. 2018;1065:49–59.

32.	 Lindinger A, Schwedler G, Hense HW. Prevalence of congenital heart defects 
in newborns in Germany: results of the first registration year of the PAN study 
(July 2006 to June 2007). Klin Pediatr. 2010;222:321–6.

33.	 Hagdorn QAJ, Beurskens NEG, Gorter TM, Eshuis G, Hillege HL, Lui GK, 
Ceresnak SR, Chan FP, van Melle JP, Berger RMF, Willems TP. Sex differences 
in patients with repaired tetralogy of fallot support a tailored approach for 
males and females: a cardiac magnetic resonance study. Int J Cardiovasc 
Imaging. 2020;36:1997–2005.

34.	 D’Alto M, Budts W, Diller GP, Mulder B, Assenza GE, Oreto L, Ciliberti P, Bassareo 
PP, Gatzoulis MA, Dimopoulos K. Does gender affect the prognosis and risk of 
complications in patients with congenital heart disease in the modern era? 
Int J Cardiol. 2019;290:156–61.

35.	 Baenziger O, Jaggi JL, Mueller AC, Morales CG, Lipp HP, Lipp AE, et al. Cerebral 
blood flow in preterm infants affected by sex, mechanical ventilation, and 
intrauterine growth. Pediatr Neurol. 1994;11:319–24.

36.	 Walker SM, Melbourne A, O’Reilly H, Beckmann J, Eaton-Rosen Z, Ourselin S, 
Marlow N. Somatosensory function and pain in extremely preterm young 
adults from the UK EPICure cohort: sex-dependent differences and impact of 
neonatal surgery. Br J Anaesth. 2018;121:623–35.

37.	 Walker SM. Long-term effects of neonatal pain. Sem Fetal Neonatal Med. 
2019;24:101005.

38.	 Bartocci M, Bergqvist LL, Lagercrantz H, Anand KJS. Pain activates cortical 
areas in the preterm newborn brain. Pain. 2006;122:109–17.

http://dx.doi.org/10.3389/fped.2017.00006


Page 6 of ﻿6Migliori et al. Italian Journal of Pediatrics           (2023) 49:65 

39.	 Jiang Z, Dinov ID, Labus J, Shi Y, Zamanyan A, Gupta A, Ashe-McNalley C, 
Hong J, Tillisch K, Toga AW, Mayer EA. Sex-related differences of cortical thick-
ness in patients with chronic abdominal pain.PLoS ONE8:e73932

40.	 Vederhus BJ, Eide GE, Natvig GK, Markestad T, Graue M, Halvorsen T. Pain 
tolerance and pain perception in adolescents born extremely preterm. J Pain. 
2012;13:978–87.

41.	 Walker SM, O’Reilly H, Beckmann J, Marlow N, EPICure@19 Study Group. Con-
ditioned pain modulation identifies altered sensitivity in extremely preterm 
young adult males and females. Br J Anesth. 2018;121:636–46.

42.	 Waddell J, McCarthy MM. Sexual differentiation of the brain and ADHD: 
what is a sex difference in prevalence telling us? Curr Top Behav Neurosci. 
2012;9:341–60.

43.	 Lang JT, McCullough LD. Pathways to ischemic neuronal cell death: are sex 
differences relevant? J Transl Med. 2008;6:33.

44.	 Rosenkrantz TS, Hussain Z, Fitch RH. Sex differences in brain injury and repair 
in newborn infants: clinical evidence and biological mechanisms. Front 
Pediatr. 2019;7:211.

45.	 Alur P, Ramarao S. Sex differences in preterm nutrition and growth: the 
evidence from human milk associated studies. J Perinatol. 2022;42:987–92.

46.	 Bzikowska-Jura A, Sobieraj P, Szostak-Wegierek D, Wesolowska A. Impact of 
infant and maternal factors on energy and macronutrient composition of 
human milk. Nutrients 2020;12

47.	 Hahn WH, Song JH, Song S, Kang NM. Do gender and birth height of infant 
affect calorie of human milk? An association study between human milk 
macronutrient and various birth factors. J Matern Fetal Neonatal Med. 
2017;30:1608–12.

48.	 Tottman AC, Oliver CJ, Alsweiler JM, Cormack BE. Do preterm girls need dif-
ferent nutrition to preterm boys? Sex-specific nutrition for the preterm infant. 
Pediatr Res. 2021;89:313–7.

49.	 Roll C, Kutz P, Bührer C. Sex-specific actions of drugs in preterm infants. Acta 
Paed. 2019;108:398–400.

50.	 Ment LR, Vohr BR, Makuch RW, Westerveld M, Katz KH, Schneider KC, et al. 
Prevention of intraventricular hemorrhage by indomethacin in male preterm 
infants. J Pediatr. 2004;145:832–4.

51.	 Ohlsson A, Roberts RS, Schmidt B, Davis P, Moddeman D, Saigal S, et al. Male/
female differences in indomethacin effects in preterm infants. J Pediatr. 
2005;147:860–2.

52.	 Baud O, Maury L, Lebail F, Ramful D, El Moussawi F, Nicaise C, Zupan-Simunek 
V, Coursol A, Beuchée A, Bolot P, Andrini P, Mohamed D, Alberti. Effect of early 
low-dose hydrocortisone on survival without bronchopulmonary dysplasia 
in extremely preterm infants (PREMILOC): a double-blind, placebo-controlled, 
multicentre, randomised trial. Lancet. 2016;387:1827–36.

53.	 Bairam A, Joseph V, Lajeunesse Y, Kinkead R. Altered expression of adenosine 
A1 and A2A receptors in the carotid body and nucleus tractus solitarius of 
adult male and female rats following neonatal caffeine treatment. Brain Res. 
2009;1287:74–83.

54.	 Jacobs SE, Berg M, Hunt R, Tarnow-Mordi WO, Inder TE, Davis PG. Cooling for 
newborns with hypoxic ischaemic encephalopathy.Cochrane Database Syst 
Rev; 2013:CD003311

55.	 Wood TR, Gundersen JK, Falck M, Maes E, Osredkar D, Løberg EM, Sabir H, 
Walløe L, Thoresen M. Variability and sex-dependence of hypothermic neuro-
protection in a rat model of neonatal hypoxic–ischaemic brain injury: a single 
laboratory meta-analysis. Sci Rep. 2020;10:10833.

56.	 Penny TR, Pham Y, Sutherland AE, Lee J, Jenkin G, Fahey MC, Miller SL, McDon-
ald CA. Umbilical cord blood therapy modulates neonatal hypoxic ischemic 
brain injury in both females and males. Sci Rep. 2021;11:15788.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	﻿The impact of gender medicine on neonatology: the disadvantage of being male: a narrative review
	﻿Abstract
	﻿Introduction
	﻿Methods and materials
	﻿Prenatal aspects and childbirth
	﻿Drugs in pregnancy and postnatal effects
	﻿Postnatal period
	﻿Therapies effectiveness

	﻿Conclusions
	﻿References


