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ABSTRACT

OBJECTIVE: This study aims to determine whether mode of delivery is associated with the endocrine
stress response in mother and newborn.

STUDY DESIGN: This prospective observational study was conducted with 86 women with a normal
singleton pregnancy who delivered healthy infants between 37 and 41 weeks of gestation in a tertiary
center. Study groups included; (1) women undergoing normal vaginal delivery with epidural anesthesia,
(2) women undergoing vaginal delivery with immersion in water for pain relief during labor, (3) women
delivered through elective caesarean section without labor. After delivery, thyroid stimulating hormone,
cortisol, insulin, prolactin and Beta-endorphin levels were measured in maternal and umbilical cord
serum and their relationships between modes of delivery were investigated.

RESULTS: It was found that the concentrations of cortisol and beta-endorphin after vaginal delivery with
immersion in water group in both mothers and infants were higher than other two modes of delivery and
these differences were statistically significant. Umbilical cord concentration of cortisol was the lowest in
the caesarean section group.

CONCLUSIONS: Maternal and fetal stress response was found to be associated with the mode of de-
livery and labor.

Keywords: Stress hormones, Delivery, Newborn, Immersion in water

Gynecol Obstet Reprod Med 2018;24(2):65-70

Introduction (B-EP); epinephrine-norepinephrine (adrenaline-noradrena-
line) and related stress hormone systems; and prolactin (PRL).

Hormonal physiology of childbearing has evolved over In addition to its potential role in the onset of human parturi-
millions of years to optimize reproductive success (1). Early tion, cortisol constitutes a major component of the endocrino-
prenatal exposure to stress or stress during birth alters the hy- logical stress response (1). These hormone systems have com-
pothalamic-pituitary adrenal axis and influences further devel- plex interactions in the perinatal period, including promoting
opment of the newborn (2). There are four impactful hormonal or inhibiting activity of each other (3). This can amplify hor-
systems during the birth process: oxytocin; beta-endorphins monal effects, leading to the peaks that characterize physio-
logic birth. For example, late-labor oxytocin peaks, promoted
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plays a role in this active pulmonary maturation. B-EP is a nat-

ural opioid peptide produced in increased amounts by the

body under a wide range of stressful conditions (4). Maternal
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tive correlations between maternal and cord or fetal B-EP (6-
8-9). According to some research, two-day-old infants with
lower B-EP levels had higher amount of neurological soft
signs than those with higher levels (1). These hormonally me-
diated processes are intertwined and continuous with the bio-
logic processes of parturition. Thus, disruption of perinatal
hormonal physiology may impact not only labor and birth, but
also breastfeeding and maternal-infant attachment (3). On her
report, Buckley S. provides powerful evidence for the risks of
not letting labor begin on its own (4). Many of the critical hor-
monal processes preparing both mother and baby for birth
occur in the days or even hours before the spontaneous onset
of labor (3). This includes increases in the number of hormone
receptors, a surge in fetal catecholamines that prepares the
fetus for air breathing after birth, and a surge in maternal oxy-
tocin that is transferred to the baby and provides a neuropro-
tective effect during labor and birth according to some animal
studies (2). Previous literature describes a difference in the
physiological stress response of children delivered by cae-
sarean section (C-section) as compared with those delivered
spontaneously (9-10). According to these studies, the mode of
delivery results in specific amounts of cortisol in blood sam-
ples taken from the umbilical cord immediately at birth (10-
14). Present study was designed to assess the relationships be-
tween different modes of delivery and hormone responses in
both mother and newborn by determining stress-related hor-
mone concentrations in both maternal and umbilical cord
plasma.

Material and Method

Participants

This prospective open study was conducted at the Delivery
Department of Obstetrics of University of Health Sciences
Zekai Tahir Burak Women’s Health Education & Research
Hospital between January 2014 and June 2015. Exclusion cri-
teria were pre-existing hypertension, pre-eclampsia, pre-exist-
ing diabetes mellitus, glucose intolerance, chronic diseases,
and premature rupture of fetal membranes and abnormal um-
bilical Doppler waveforms, antenatal corticosteroid treatment.
The study was approved by the local ethic committee of our
hospital (2014 #43), and all women gave written informed
consent before enrollment into the study. Groups included (1)
women undergoing normal vaginal delivery with epidural
anesthesia (NVDE), (2) women undergoing vaginal delivery
with immersion in water for pain relief during labor (IW-VD),
(3) women who delivered by elective C-section without labor
(Elective-planned C-section ELCS). Data were collected re-
garding all women’s age, gestation, parity (nulliparous or mul-
tiparous), previous C-section, labor onset (spontaneous or rup-
tured of membranes) and cervical dilatation, water tempera-
ture, duration of pool use, reason for leaving the pool (if she
got out prior to delivery), duration of labor and the type of de-
livery (spontaneous vertex vaginal, C-section).

NVDE Group
We usually do active management during the active phase
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(after the cervix dilated to 4-5 cm) of labor and use of some
interventions in our clinic. The interventions that we use for
active management in our standard clinical protocol are am-
niotomy, low dose I.V. oxytocin infusion (Pitocin- 60-unit
oxytocin in 1000 mL crystalloid (60 miliunits in one mL, an
IV infusion - drip method- by using an infusion pump),
epidural anesthesia and continuous electronic fetal monitor-
ing. We use a low-dose oxytocin protocol (dose of oxytocin
was initiated at 0.5 to 1 miliunits per minute and increased by
1 miliunits per minute at 30 to 40 minute intervals).

IW-VD Group

Volunteering women with gestational age >37 weeks, nor-
mal sized fetus, reactive cardiotocogram, clear amniotic fluid
and a pregnancy with cephalic presentation were given the
choice of immersion in water during labor for pain relief.
Exclusion criteria for immersion in water during labor were;
intrauterine growth restriction, pathological or suspicious fetal
cardiotocogram, meconium stained amniotic fluid, maternal
infection with hepatitis B, C, HIV or acute genital herpetic in-
fection, fetal macrosomia. If a subject chose water immersion
and there were no contraindications, a soapy water enema was
administered and the patient showered before the cervix was
dilated to 5 cm. After the cervix dilated to 5 cm, the subject
entered in the warm water tub. During water immersion the
subject was accompanied by her spouse or significant other
and the obstetrician or midwife, and she was encouraged to
drink water. Attention was paid to symptoms of dehydration
(including rapid heartrate, hidrosis, dizziness, and nausea and
vomiting) to avoid circulatory failure. Water temperature was
maintained at 35-38°C.

ELCS Group

In our study, ELCS group included the women who deliv-
ered by C-section in previous birth and have completed at
least 38 6/7 weeks of gestation in current pregnancy before
onset labor. No other indications are acceptable for elective C-
section except for those that already had C-section in previous
birth in our hospital setting. Spinal analgesia was used for
ELCS Group.

Design and procedures

Blood samples for determining hormone levels were col-
lected within 60-120 seconds after delivery. We measured hor-
mone levels in an antecubital venous blood sample from the
mother and in a venous umbilical cord blood sample collected
using a Vacutainer system (Becton Dickinson, Meylan,
France). Cord blood was collected from 98 deliveries, yield-
ing 86 complete samples. Other samples were lost or not col-
lected due to hemolysis, collection of only one of the mater-
nal-cord pair, equipment breakdown, lack of project resident
coverage during delivery, or delay in processing or freezing
the samples. Thyroid stimulating hormone(TSH), Cortisol
(CORT), Insulin, Prolactin (PRL) and Beta-endorphin (B-EP)
were measured by Beckman Coulter Unicell DXI 800 Access
Immunoassay Analyzer (Beckman Coulter Ireland, Inc).
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Access TSH assay is a two-site immunoenzymatic (sandwich)
assay, for the quantitative determination of human TSH in
serum. The intraassay and interassay and imprecision coeffi-
cients of variation for TSH were <2.53% and 4.55% respec-
tively. Insulin assay utilizes the 'sandwich principle' with a
monoclonal insulin-specific 'capture' antibody and a 'detection
antibody labeled with alkaline phosphatase, which is also spe-
cific. The intraassay and imprecision coefficients of variation
for Insulin were <2.6% and <4.5%, respectively. Access sys-
tem was used for the other measurements. The intraassay and
imprecision coefficients of variation for PRL were <1.42%
and <3.32%, respectively. The intraassay and imprecision co-
efficients of variation for CORT were <4.4 % and <6%, re-
spectively. Tuba Human Beta-Endorphin analysis was per-
formed on ELISA-AUORESNESS (Chemwell 2900-
ALGEN) by Sunredbio ELISA kit. The kit utilizes a double-
antibody sandwich enzyme-linked immunosorbent assay to
assay the level of Human Beta-Endorphin (B-EP) in samples.
The intraassay and interassay coefficients of variation for
human-beta endorphin were <9% and<11% respectively.

Statistical analysis

Data have been transferred to SPSS 11.5 for Windows
(Chicago, INC.) packet program. Statistical analysis was per-
formed by using One-way ANOVA and Bonferroni test,
Kruskal-Wallis One-way ANOVA, Mann-Whitney U test, and
t-test for independent samples. We also used Pearson
Correlation Analysis to detect relationship between maternal

Table 1: Patients’ characteristics

and neonatal stress hormones. A p-value of < 0.05 was con-
sidered to be statistically significant.

Results

Complete data were available for the following mother/
newborn pairs:

28 women delivered vaginally with epidural anesthesia, 28
women delivered vaginally with hydrotherapy for pain relief
during labor, 30 women underwent planned- C-section with-
out labor with spinal analgesia.

All 1 minute Apgar scores were >8. Participant’s charac-
teristics are shown in detail in table 1.

There was no statistically significant difference in the du-
ration of the 1, 2n and the 3™ stages of labor between the
(IW-VD) and (NVDE) groups (»>0.005). There was no epi-
siotomy requirement in the groups and the degree of perineal
lacerations during birth were not different between the (IW-
VD) and (NVDE) groups (p>0.005).

Maternal blood hormone concentrations

Concentrations of CORT and B-EP in maternal blood were
significantly higher after (IW-VD) than after (NVDE) or
(ELCS) (p=0.001). PRL levels were significantly higher after
(ELCS) than after all other modes of delivery. Also Insulin
levels were significantly lower after (NVDE) than (IW-VD)
and (ELCS) (p=0.017) (Table 2).

IW-VD NVDE ELCS

(n=28) (n=28) (n=30)
Age (years)? 29.145.8 27.18t5.5 30.916
Parity® 1(1-3) 1(1-5) 1(1-4)
BMI (kg/m2)2 28.3+3.9 30.2+4.1* 26.414
Birthweight (g)2 3406.9+391.3 3330+406.3 3278.24419.3
Apgar’s score 1 min® 9.5 (8-10) 9(8-10) 9(7-10)

BMI: Body mass index, IW-VD: Vaginal delivery with immersion water for pain relief during labor, NVDE: Normal vaginal delivery with epidural anes-
thesia, ELCS: Elective C-section without labor, 2: Values are given as meantSD, :Values are given as median(range), *Significant difference

(p=0.003) between NVDE and ELCS by One-way ANOVA.

Table 2: Maternal hormone concentrations and mode of delivery

IW-VD NVDE ELCS
(n=28) (n=28) (n=30)
Mean+SD Mean+SD Mean+SD
TSH (mlU/mL) 2.37+0.2 2.86+0.27 2.58+0.28
Insulin(mLU/mIL) 9.86+2.26 4.79+0.81* 8.80+2.04
PRL (ng/mL) 145.549.7 148.3£7.5 167.248.3**
CORT (ug/dL) 57.4+3.6%** 47.9+2.18 21.37+2.1
B-EP(ng/L) 286.4+40%** 115+£22.6* 167+26.4

TSH: Thyroid stimulant hormone, PRL: Prolactin, CORT: Cortisol, B-EP: Beta endorphin, IW-VD: Vaginal delivery with immersion water for pain re-
lief during labor, NVDE: Normal vaginal delivery with epidural anesthesia, ELCS: Elective C-section without labor, *Significant difference (p=0.017)
between normal NVDE and all other modes of delivery, **Significant difference (p=0.001) between ELCS and all other modes of delivery, ***Significant

difference (p=0.001) between IW-VD and all other modes of delivery
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Umbilical cord blood hormone concentrations

Umbilical cord concentration of TSH was highest
(10.6£1.54mLU/mL, p=0.017) in (NVDE) group, in contrast
Insulin level was the lowest (4.79+0.81mLU/mL, p=0.017)
(Table 3). Umbilical cord concentrations of CORT and B-EP
were significantly higher in (IW-VD) group than in all other
modes of delivery (23.943.65ug/dL, 320+£48.6ng/1, p=0.001)
(Table 3). There was a linear correlation between maternal
serum and umbilical cord concentrations of B-EP which was
statistically significant (r=0,828, p=0,001) (Figure 1). We
could not find any correlation between maternal serum and
umbilical cord concentrations of CORT to be statistically sig-
nificant (r=-0,192, p=0,336).

Discussion

The physiologic process of labor and birth is largely driven
by hormones, and the hormonal orchestration of the process is
casily disrupted. Buckley provides a seminal systematic re-
view of this complex interplay of hormones that prepare the
body for birth and then orchestrate the process of labor (4).
Common maternity care practices and interventions can im-
pact the hormonal physiology of mother and baby, according
to physiologic understandings and human and animal studies
(3). We investigated the relationship between the mode of de-
livery and hormone concentrations in both mother and infant
in a large sample. We found the highest concentrations of
CORT and B-EP after (IW-VD) group in both mothers and in-
fants than after the two modes of delivery and these differ-
ences were statistically significant. Gitau et al. and Mears et
al. found that fetal CORT concentrations were reduced in new-
borns delivered by C-section when compared to vaginal de-
livery, whereas assisted vaginal delivery resulted in elevated
CORT levels when compared with normal vaginal delivery
(9,10). Vogl et al. compared hormone concentrations in both
mother and child in different modes of delivery in their study
(11). They reported that concentrations of epinephrine (EP),
nor-epinephrine (NOR), adrenocorticotrophic hormone
(ACTH), CORT and B-EP in maternal blood were significantly
lower after elective C-section than after unassisted normal
vaginal delivery without pain relief, vaginal delivery with

Table 3: Cord blood hormone concentrations and mode of delivery
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epidural anesthesia or delivery by ventouse extraction (11).
They found that only PRL levels were significantly higher
after elective C-section than after all other modes of delivery.
PRL levels were significantly higher in maternal serum after
elective C-section than after all other modes of delivery in our
study similarly to Vogl’s study (11). We found that umbilical
cord concentrations of CORT and B-EP were significantly
higher in (IW-VD) group than all other modes of delivery and
especially umbilical cord concentration of CORT was the low-
est in the elective C-section group. Similarly, Vogl et al. re-
ported that umbilical cord concentration of CORT was signifi-
cantly lower in the elective C-section group than in all other
modes of delivery (11). Otherwise, they concluded that 3-EP
concentrations in newborns after epidural anesthesia were also
significantly higher than after vaginal delivery without pain
relief, elective C-section or ventouse extraction.

Giilmezoglu et al. assessed induction of labor compared
with waiting for spontaneous labor (expectant management)
in women with pregnancies at or beyond term (15). They con-
cluded that induction of labor to avoid prolonged pregnancy
may be associated with fewer perinatal deaths than expectant
management. During induction of labor, health care profes-
sionals should provide women with the pain relief appropriate
for them and their pain. This can range from simple analgesics
to epidural analgesia (16). Epidural and spinal analgesic tech-
niques provide optimal pain relief for parturient (17).
Although they are generally quite safe, these techniques are
also associated with various untoward effects. Relieving pain
during childbirth represents an important challenge for both
health care professionals and pregnant women (16-20). Pain
relief strategies include non-pharmacologic and pharmaco-
logic approaches (20-25). In obstetrics, pharmacologic meth-
ods such as epidural anesthesia have proven to be efficient in
reducing pain during labor and are now routinely used, and
even expected, to manage pain (18). Some authors have sug-
gested that this process may contribute to an over-medicaliza-
tion of women’s child birth experiences (18). Non-pharmaco-
logic approaches to relieve pain during labor, when used as a
part of hospital pain relief strategies, provide significant ben-
efits to women and their infants without causing additional
harm. Non-pharmacological methods of labor analgesia in-

IW-VD NVDE ELCS
(n=28) (n=28) (n=30)
Mean+SD Mean+SD Mean+SD
TSH (mlU/mL) 6.2+0.72 10.6+£1.54* 5.8+0.42
Insulin (mIU/mL) 9.86+2.26 4.79+0.81* 8.8+2.04
PRL (ng/mL) 188+6.36 187+6.7 19046.87
CORT (ug/dL) 23.9+3.65* 14.8+1.7 6.7+0.87
B-EP (ng/L) 320+48.6* 120+21.9* 157+34

TSH: Thyroid stimulant hormone, PRL: Prolactin, CORT: Cortisol, B-EP-Beta endorphin, IW-VD: Vaginal delivery with immersion water for pain relief
during labor, NVDE: Normal vaginal delivery with epidural anesthesia, ELCS: Elective C-section without labor, *Significant difference (p=0,017) be-
tween NVDE and all other modes of delivery, **Significant difference (p=0.001) between IW-VD and all other modes of delivery
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clude doula support during labor and delivery, music therapy,
postural changes, water immersion and birth, and acupuncture
(20-24). A Cochrane systematic review of immersion in water
in labor and birth found that immersion in water significantly
reduced the duration of the first stage of labor and reduced the
use of epidural anesthesia, but did not significantly reduce in-
trapartum C-section in the included RCTs (25). During labor,
pain plays an important role in the production of natural pain
relief hormones, such as endogenous oxytocin and endor-
phins, which also contribute to regulate uterine contractions
(26-34). If the woman requires an epidural and oxytocin aug-
mentation, she does not experience this endorphin release be-
cause exogenous oxytocin (Pitocin) does not cross the blood—
brain barrier (29-36). Similarly, we found highest concentra-
tions of serum B-EP after (IW-VD) without intervention group
in both mothers and their infants than after the two modes of
delivery and there was a linear correlation between mother’s
and newborn’s B-EP concentrations. Also, we found lowest
concentrations of serum Insulin and B-EP after NVDE (inter-
vention) group in both mothers and their infants than after the
two modes of delivery. We could not find any correlation be-
tween maternal serum and umbilical cord concentrations of
CORT similarly to Mears et al (10). Their data suggested that
maternal CORT levels contribute little to the fetal CORT con-
centrations, as has been believed previously.

Miller et al. (12) reported in their study that, intrapartum
C-section group did have increased cortisol levels, and this
correlated positively with the amount of labor experienced, as
determined by cervical dilatation at the time of C-section. Due
to the performance of elective C-section prior to onset of labor
in our setting, we could not include another group with C-sec-
tion after onset of labor. Nevertheless, this question should
eventually be addressed in future studies.

Conclusion

Our study reports variances in hormonal levels of the
mother and the newborn depending on the method of delivery.
Whether the limited stress reaction and reduced stress hor-
mone responses seen after delivery by elective C-section have
a beneficial or a deleterious impact on the child’s later neuro-
cognitive and motor development (2,7,12-14). It may be con-
sidered part of the process of fetal programming of the HPA
with all its potential health hazards for the affected child.
Research priorities include better understanding of many as-
pects of hormonal physiology and of impacts of maternity in-
terventions on breastfeeding, maternal adaptations, maternal
mood, and other short, medium, and long term hormonally
mediated and developmental outcomes (3,31).
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