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The effect of male fetal gender
on the cesarean section rate
in Greek women with induced labor

OBJECTIVE To explore the effect of fetal gender on the mode of delivery in
women with induced labor. METHOD We collected data retrospectively on
women who underwent induction of labor in a tertiary Greek hospital over
aone-year period. The maternal demographic characteristics, details of labor
and delivery, and neonatal data were retrieved from the medical records.
Multiple logistic regression analysis was used to identify whether or not the
fetal gender was an independent risk factor for cesarean section (CS). RESULTS
The sample consisted of 359 women with a mean age of 30+5.4 years. Ma-
ternal characteristics were similar in women who delivered male and female
babies. The birth weight was significantly greater in male than female babies.
Assignificantly higher CS rate was recorded in women with male babies than
in those with female babies (39.4% vs 25.5%). Multiple regression analysis
showed that the male fetal gender increased almost two-fold the risk of CS,
even after adjusting for birth weight (OR=2.04, 95% CI: 1.11-3.76; p=0.022).
CONCLUSIONS We showed in this study that the male fetal gender is a factor
that might affect the mode of delivery in women with induced labor. This
gender relationship persisted after adjusting for birth weight, indicating that
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factors other than birth weight could explain this effect.

A 1982 study reported a 17% increase in the rate of
cesarean section (CS) delivery in women bearing male
fetuses compared with those bearing female fetuses.’ This
was one of the first reports of the male fetal gender effect
on the mode of delivery; the study was conducted in a
population of women in Scotland with either spontaneous
onset of labor or labor induced for various indications. The
hypotheses to explain this phenomenon were, firstly, that
male fetuses were bigger, which could explain the higher
rates of cephalopelvic disproportion leading to CS delivery.
In addition, the male fetal hormonal contribution to the
progress of labor may be less effective than the female,
resulting in maternal uterine dysfunction, and male babies
might show signs of fetal distress in labor more often, or
more severely, than female babies.
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Since 2002, reports have been published of several
large population-based studies and smaller cohort studies
in different countries on the occurrence and magnitude of
the male fetal gender effect on CS delivery.>-"“These studies
documented a male fetal gender effect on the CS rate in
women of different ethnic background, both primiparous
and multiparous, and with either spontaneous onset or
induced labor. Because of the varying study design and
features of the women giving birth, the reported magni-
tude of the male fetal gender effect on CS delivery varies
across these studies.’’

The primary objective of our study was to investigate
the possible male fetal gender effect on the CS delivery
rate in a cohort of women in Greece who had undergone
induction of labor, and comparison with studies from other
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countries. Review of the literature revealed no such study
to date in the Greek population.

MATERIAL AND METHOD

A retrospective cohort study was conducted of women who
underwent induction of labor for various indications at a tertiary
maternity hospital in Athens over the 12-month period January to
December 2012. Women with a singleton cephalic presentation
were included, in whom labor was induced for one of the following
reasons: Post-dates pregnancy, i.e., gestational age (GA) >41 weeks,
reduced fetal movements, fetal growth restriction, pregnancy-
induced hypertension (preeclampsia/eclampsia), diabetes mel-
litus (DM), gestational or preexisting, term (>37 weeks), pre-labor
rupture of membranes for >24 hours, intrahepatic cholestasis of
pregnancy, maternal age >40 years, and maternal request because
of social or mental health issues. Women were excluded in the case
of breech presentation, stillbirth, fetal congenital abnormalities,
multiple pregnancy and elective CS delivery. The maternal, labor/
delivery and neonatal data were collected manually through re-
view of the medical charts and hospital records and anonymized
for analysis.

The maternal data included maternal age, ethnicity (Greek,
Albanian, Russian, other), educational status (university or higher,
secondary, primary), parity, smoking status, body mass index (BMI)
at booking and at the birth (underweight: <18.5 kg/m? normal:
18.5-24.9 kg/m?, overweight: 25.0-29.9 kg/m?, obese: =30.0 kg/
m?), and weight gain during pregnancy. Birth data included GA at
delivery, including post-dates pregnancy, type of delivery (vaginal/
instrumental/CS), use of epidural analgesia, amniotic fluid ap-
pearance (normal, meconium stained), and duration of first and
second stages of labor, when applicable. Neonatal data included
fetal gender (male, female), birth weight, Apgar score (at 1 and 5
minutes), and admission to the neonatal intensive care unit (NICU).

Statistical analysis

Quantitative variables were expressed as meanzstandard
deviation (SD) or as medianzinterquartile range (IQR). Qualitative
variables were expressed as absolute and relative frequencies. For
the comparison of proportions, Chi-square and Fisher’s exact tests
were used. Student’s t-test was applied when the distribution was
normal and the Mann-Whitney test when the distribution was not
normal. Multiple logistic regression analysis was used to identify
factors independently associated with the likelihood of CS. Crude
and adjusted odds ratios (ORs) with 95% confidence intervals (Cls)
were computed. All p values reported were two-tailed and statisti-
cal significance was set at 0.05. Statistical analysis was conducted
using the Statistical Package for Social Sciences (SPSS), version 19.0.

Although formal statistical power analysis was not computed,
in regression analysis, more than 100 cases are considered an ac-
ceptable number for detection of significant differences, 100-200
medium, and more than 200 cases large;’? our study of more
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than 300 women thus had the capacity to generate statistically
significant results.

This study was approved by the institutional ethics committee
of the maternity hospital where the research took place.

RESULTS

A total of 359 women, mean age 30+5.4 years, met
the inclusion criteria over the study period. These women
gave birth to 194 (53.9%) male and 165 (46.1%) female
neonates (tab. 1). Between the two subgroups of women
according to fetal gender, there was no difference in their
demographic data in terms of maternal age, ethnicity, BMI
at booking and at birth, and smoking. In the total sample,
the CS and instrumental delivery rates were 33.1% and
8.9%, respectively.

The characteristics labor, mode of delivery and neonatal
outcome according to the fetal gender are presented in
table 2. A significantly higher rate of CS was observed in
women with male neonates than in those with female neo-
nates (39.4% vs 25.5%; p=0.006). The birth weight of male
babies was significantly greater than that of female babies.

Table 3 shows the results from the univariate and mul-
tiple logistic regression analysis with CS as the dependent
variable. The maternal age at delivery, the Greek ethnic
background, the educational level of the mother, the smok-
ing status, the BMI at delivery, and post-dates pregnancy
were not associated with CS delivery in either univariate
and multiple analysis. After adjusting for confounding
factors in the multiple analysis, multiparity and the use of
epidural analgesia were associated with lower odds fora CS
delivery, while higher birth weight, increased weight gain
in pregnancy and male fetal gender were independently
associated with greater odds for a CS delivery. Women who
delivered male babies had an almost two-fold increased
risk of CS delivery (OR=2.04, 95% Cl: 1.11-3.76; p=0.022).

DISCUSSION

Small cohort studies have documented the magnitude
of the male fetal gender effect on CS rate in women with
spontaneous onset and induced labor. In primiparous
women with spontaneous onset labor, the risk of CS delivery
in male neonates in comparison to females was reported
to be increased by 25-47% (OR=1.25-1.47),%"> whereas
for induced labor in primiparous women it was found
increased by 48-88% (OR=1.48-1.88).2” This increase in
CS rate in women with induced labor is in accordance with
the finding that women who undergo induction of labor
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Table 1. Maternal characteristics of women undergoing induction of
labor (n=359) according to the fetal gender.

Male Female
neonates neonates
(n=194) (n=165)
n (%) n (%) p
Mother’s age at delivery 30(5.3) 29.9(5.6) 0.905*
(years), mean (SD)
Mother's age
at delivery (years)
<24 24 (14.5) 29 (14.9)
25-29 44 (26.7) 59 (30.4)
0.578**
30-34 65 (39.4) 63 (32.5)
>35 32(19.4) 43(22.2)
Ethnicity
Greek 142 (73.2) 109 (66.1)
Albanian 19(9.8) 23(13.9)
0.483**
Russian 11(5.7) 12(7.3)
Other 22(11.3) 21(12.7)
Education
University or higher 62 (32.0) 55(33.3)
Secondary 120 (61.9) 98 (59.4) 0.845%*
Primary 12(6.2) 12(7.3)
Parity
Nulliparous 137 (70.6) 116 (70.3)
0.948**
Multiparous 57 (29.4) 49 (29.7)
Smoking
Current smokers 23(11.9) 13(7.9)
0.211%**
Non-smokers 171 (88.1) 152 (92.1)
Pre-pregnancy BMI, 22.8(2.5) 22.3(2.4) 0113*
mean (SD) )
Underweight 1(0.5) 4(2.4)
Normal 164 (84.5) 146 (88.5)
0.178***
Overweight 25(12.9) 13(7.9)
Obese 4(2.1) 2(1.2)
Weight gained, mean (SD) 14.9 (3.4) 14.2 (3.2) 0.054*
BMI at delivery, mean (SD) 28.1(3) 27.6 (2.5) 0.063*
Normal 16 (8.2) 23(13.9)
Overweight 128 (66) 112 (67.9) 0.082**
Obese 50 (25.8) 30(18.2)
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Table 2. Labor characteristics, mode of delivery, and neonatal outcome
according to the fetal gender for women undergoing induction of labor
(n=359).

Male Female
neonates neonates
(n=194) (n=165)
n (%) n (%) p
Gestation in days, 282 (275-288) 283 (276-288) 0.525*
median (IQR)
Post-date pregnancy
No 174 (89.7) 141 (85.5)
0.223%**
Yes 20(10.3) 24 (14.5)
Type of delivery
Cesarean section delivery 76 (39.4) 42 (25.5)
Operative vaginal delivery 18(9.3) 14 (8.5) 0.013**
Normal vaginal delivery 99 (51.3) 109 (66.1)
Cesarean section delivery
No 118 (60.8) 123 (74.5)
0.006**
Yes 76 (39.2) 42 (25.5)
Duration of 1st stage (min), 300 (0-420) 360 (240-420)  0.096*
median (IQR)
Duration of 2nd stage 15 (0-30) 20 (5-35) 0.023*
(min), median (IQR)
Amniotic fluid appearance
Normal 162 (95.3) 141 (91.0)
0.121**
Meconium stained 8(4.7) 14 (9.0)
Epidural analgesia use
No 128 (66.0) 109 (66.1)
0.987**
Yes 66 (34.0) 56 (33.9)
Birth weight of baby (g), 3,470 3,290 <0.007*
median (IQR) (3,175-3,760)  (3,058-3,540) ’
Birth weight of baby
<2,5009 4(2.1) 3(1.8)
2,500-4,000 g 171 (88.1) 157 (95.2) 0.033***
>4,0009 19 (9.8) 5(3.0)
Apgar score at 1 minute, 8.2(0.7) 8.2 (0.8) 0.452*
median (IQR)
Apgar score at 5 minutes, 9.9 (0.5) 9.8 (0.6) 0.462*
median (IQR)
Admitted to NICU
No 164 (84.5) 145 (87.9)
0.362**
Yes 30(15.5) 20(12.1)

*Student’s t-test, **Pearson’s Chi-square test, ***Fisher’s exact test
BMI: Body mass index, SD: Standard deviation

*Mann-Whitney test, **Pearson’s Chi-square test, ***Fisher’s exact test

IQR: Interquartile range, NICU: Neonatal intensive care unit
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Table 3. Odds ratios (OR) and 95% confidence intervals (95% Cl) derived from univariate and multivariate logistic regression analysis of risk factors
for cesarean section delivery.

OR (95% CI) OR (95% ClI)
Crude P Adjusted P

Maternal age at delivery (years)
<24 1.00*
25-29 1.04 (0.52-2.10) 0.902 2.34(0.87-6.29) 0.093
30-34 0.84 (0.43-1.67) 0.622 2.12(0.77-5.80) 0.144
>35 1.03 (0.49-2.16) 0.934 1.07 (0.50-2.29) 0.863
Ethnicity
Greek 1.00*
Other 1.02 (0.63-1.64) 0.942 0.54 (0.26-1.14) 0.105
Education
University 1.00%
Secondary 1.10 (0.68-1.78) 0.691 1.03 (0.52-2.04) 0.939
Primary 1.31(0.53-3.27) 0.558 2.49 (0.65-9.57) 0.184
Parity
Nulliparous 1.00%
Multiparous 0.22 (0.12-0.40) <0.001 0.12 (0.05-0.27) <0.001
Smoking
Current smokers 1.00*
No smokers 0.51(0.26-1.03) 0.060 0.55(0.23-1.36) 0.196
Weight gained 1.11(1.03-1.18) 0.003 1.10(1.00-1.21) 0.047
BMI at delivery
Normal 1.00*
Overweight 0.94 (0.46-1.93) 0.864 0.76 (0.27-2.13) 0.599
Obese 1.14 (0.51-2.55) 0.755 0.44 (0.12-1.57) 0.205
Post-date pregnancy
No 1.00*
Yes 1.18 (0.61-2.28) 0.619 1.7 (0.65-4.47) 0.280
Liquor appearance
Normal 1.00*
Meconium stained 2.41(1.01-5.81) 0.049 1.89 (0.65-5.48) 0.242
Epidural use
No 1.00*
Yes 0.16 (0.09-0.30) <0.001 0.13 (0.06-0.27) <0.001
Fetal gender
Females 1.00*
Males 1.87 (1.20-2.97) 0.006 2.04(1.11-3.76) 0.022
Baby’s birth weight (g)
<4,000 1.00*
>4,000 2.56 (1.12-5.91) 0.027 2.59 (1.07-6.25) 0.035

* Reference category
BMI: Body mass index
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are twice as likely to have a CS delivery than women with
spontaneous onset of labor.” In cohorts of mixed primipa-
rous and multiparous women, in those with induced labor
the risk of CS delivery for male neonates was increased
by 83-251% (OR=1.83-2.51).4"> Our study of a cohort of
mixed primiparous and multiparous women with induced
labor, has showed a 204% increased risk of a CS delivery
for males (OR=2.04). This finding is in accordance with the
literature evidence and the observed variation in rate can
be attributed to the different characteristics of our Greek
study population.

Our study identified the birth weight (OR=2.59) as
the strongest risk factor for a CS delivery, but with male
neonates weighing larger than females and also having
a higher rate of macrosomia (>4 kg). After adjusting for
the effect of birth weight, it was demonstrated that the
male gender effect on the CS rates persisted and was the
second strongest risk factor for CS (OR=2.04). This male
fetal gender effect after adjusting for birth weight has
also been demonstrated in several large population-based
studies conducted since 2002 in several different countries,
which documented an increase in the risk of CS for male
neonates of 8-48% (OR=1.08-1.48).5° The differences in
the magnitude of risk for CS can be explained by the fact
that the population-based studies had a different study
design and involved women who were both primiparous
and multiparous, and with both spontaneous onset and
induced labor.

As early as 1982 certain assumptions were made as to
why male fetuses have higher CS rates than females,” which
were later corroborated by other studies. Firstly, it has been
repeatedly shown that male neonates are larger and weigh
more than females,”’?which could explain the higher rates
of cephalopelvic disproportion and the higher subsequent
CS delivery rates, as initially suggested.’ Secondly, both the
findings of the present study and the results from the large
population-based studies lend support to the theory that
factors other than birth weight could explain in part the
male fetal gender-related phenomenon. Different steroidal
pathways have been reported with regards to the onset
of induced labor between female and male fetuses,” and
also different fetoplacental responses to the induction of
labor process,” which could explain the higher failure rates
observed during induced labor for male fetuses.

Another proposed explanation is that male fetuses
demonstrate fetal distress in labor more often than females,
which could explain the gender related higher CS rates.’ It
has been suggested that male fetuses grow faster in utero
and have smaller placentas than female fetuses relative to
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their birth weight.’*’” As a result, when male fetuses are
subjected to the stress of labor they have lower placental
reserve to utilise under sub-optimal conditions.”® In addition,
intrinsic gender-related differences in the fetal response
to hypoxia have been reported.’”=?" When a hypoxic event
occurs during labor it has been demonstrated that the
release of catecholamines from the fetus improves its abil-
ity to cope with the effects of hypoxia.’??° Lower levels of
catecholamines have been reported in male than in female
fetuses after a hypoxic event, which may explain their relative
disability to cope with labor stress and therefore increased
rates of CS.?" In the present study, no difference was recorded
in the neonatal outcome between males and females,
although there are reports that males have higher rates of
abnormal fetal blood sampling and lower Apgar scores.?®

Our study identified risk factors other than the male
fetal gender that might increase the CS rate. In our cohort,
women with increased weight gain in pregnancy had a
higher likelihood of CS (OR=1.10), in line with a multicenter
study across many countries published in 2013 which re-
ported that nulliparous women with an increased weight
gain had a higher risk for CS (OR=1.46).>The possible
explanation is that the adipose tissue, being hormonally
active, may predispose to a reduced response to the induc-
tion of labor process which could result in a higher rate of
CS in these women.”??

Our study further identified that multiparity might
reduce the risk of CS after induction of labor (OR=0.12).
Primiparity has been identified as a risk factor for failed induced
labor,?*# and it has been estimated that the risk of CS is 75%
higher in nulliparous women than in multiparous women with
the same cervical length.?

Our study also showed that the use of epidural anal-
gesia might reduce the risk of CS (OR=0.13). A Cochrane
systematic review in 2011 failed to show any significant
differences in the risk of a CS delivery overall in women with
epidural analgesia in labor compared to those without,?”
although other studies suggest that epidural analgesia may
increase the CS rate,® or that factors other than epidural
analgesia might contribute to a CS delivery, such as high
birth weight.?® Moreover, significantly higher cord pH has
been found in neonates born to women with epidural
analgesia,?*?° indicating less fetal distress, which could
explain the lower rates of CS. An immunohistochemical
study’*’ documented that pain-reducing anesthesia reduced
oxidative stress in the human term placenta, which could
also account for lower CS rates.

There are certain limitations to be considered in this
study. First, it was conducted retrospectively, with the data
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being manually extracted from the hospital-held maternity
notes. This means that the accuracy of the final data was
dependent on the practitioner entering the information
in the patient’s notes following delivery, and also on the
researcher manually recording the data. Second, we were
unable to retrieve detailed data about the induction of
labor process. The cervical status, according to the Bishop
score is important to the success of induced labor’” and this
information was not available for our calculations. Third, as
umbilical cord gases were not routinely collected, we were
unable to establish whether there was any fetal gender-
related effect on the acid-base status and possible related
fetal compromise. It is reassuring, however, that there were
no differences in the Apgar scores between male and fe-
male neonates. The main strength of our study was that it
included a sufficiently large sample of women to generate
statistically significant results that are comparable to those
reported for other countries.

In conclusion, we showed that in our cohort of women
from a Greek population who underwent induction of
labor that the male fetuses have a higher CS delivery rate
than the females. We showed that this fetal gender-related
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phenomenon persists even after adjusting for the birth
weight, and that the magnitude of effect is comparable to
that reported for induced labor in cohort-type studies of
mixed primiparous/multiparous women. Further research
is required with larger cohorts and with the inclusion of
risk assessment according to the indication for induction
of labor, and the inclusion of other variables, such as the
cervical Bishop score.
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H enidpaon tou dppevog @UAOU TOL EPBPUOL GTO TOGOOTO KAIGAPIKNG TOMNG o€ EAANVISEG
mou UTTOBARONKav o€ TPOKANGN TOKETOU
A. ANTONAKOY," M. ZOYMA,' E. TXOYPAOY,' A. MANMOYTXHX?
"Tunua Mateutikng, AAe§avdpelo Texvoloyikd Ekmaideutikd 16puua, Osooalovikn, 2Department of Obstetrics

and Gynecology, Shrewsbury and Telford Hospital NHS Trust, Telford, Hvwuévo Baoilsio

Apxeia EAAnVIKrG latpikric 2019, 36(5):643—-649

ZKOMOX H Siepevivnon tng emidpaong Tou @UAOU Tou U PUOU OTOV TPOTTO TOKETOU OE YUVAIKEG TTOL UTTOBARONKAV

o€ MPOKANON TokeToU. YAIKO-MEO®OAOX EAafe xwpa cUANoyr SES0UEVWY e AVASPOMIKO TPOTIO YIA YUVAIKEG UE

TIPOKANON TOKETOU KATA TN XPOVIKN TTEPiod0o evog £Tou. Kataypdgnkav ta SnUoypa@Iikd XapakTneloTiKd, Ta dedo-

HEVa TOU TOKETOU KAl TA XAPAKTNPIOTIKA TWV VEOYVWV. MNpaypatomotiOnke mTOANATIAR AOYLIOTIKK) avaAuon TToAvOpo-

HNONG, UE OKOTIO VA KABOPIOTEl KATA TTOCO TO YUAO TOL EURPUOU aTToTEAEL aveEApTnTo TapdyovTa KivOUVou yla Kal-

COPIKN TOUN META amd MPOCAPUOYH YIa CUYXUTIKOUG Tapdyovtes. AMOTEAEZMATA To Ssiypa amotehovvtav amod

359 yuvaikeg pe péon nAikia 30,0+5,4 £tn. Ta SNUOYPA@IKA XOPAKTNPICTIKA NTAV {S1a HETAEY YUVAIKWV TTOU YEVVI-

oav dppeva Kat OrAea veoyvd. To BApog yévvnong TaV CNUAVTIKA HEYOAUTEPO O APPEVA VEOYVA O CUYKPLON UE

OrAea veoyvd. To TOCOOTO KAIOGAPIKAG TOMAG NTAV ONUAVTIKA VYNAOTEPO OE YUVAIKEG E APPEVA VEOYVA OE CUYKPL-

on ME Yuvaikeg pe Ohea veoyvd (39,4% évavtl 25,5%). H moANamAr] avdAuon €8e1&e 6TiL To dppev @UNO ota Eufpua
odnyouoe o€ SiMAdoto Kiviuvo Kaloapikng Toung (odds ratio=2,04, 95% Cl: 1,11-3,76, p=0,022). ZYMNEPAXMATA
ATIO TN MEAETN PAVNKE OTL TO APPEV PUAO ammoTeAel Tapdyovta KivEUvVou o oTroiog urmopei va emdpd otov TpOmo To-

KETOU OE YUVAIKEG PE TIPOKANON TOKETOV. TO €V AOYW QPAIVOUEVO TTOU OXETICETAL UE TO PUAO TOU EURPUOU TTAPAUEVEL

akOMN Kal JETA ammd TIPOcapHoYr Yia To BAPOG yévvnong, YEYOVOG TO OTToio UTTOSNAWVEL 6Tt UTTAPXOLV TTAPAYOVTEG

AAMOL EKTOC TOL BdApoug yévvnong mou Ba pumopouoayv va e€NyriOOUV AuTO TO PAIVOUEVO.

Négaig eupeTnpiov: Appev, Badpog yévvnong, Kaioaptikn toun, MpokAnon toketol, VAo
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