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ABSTRACT

Background Oxytocin has a key role in mother-infant
bonding, maternal care, social interaction, and stress-
related psychiatric disorders. However, the factors
determining oxytocin concentrations during and after
pregnancy such as medical history related to nursing or
parental behavior are unknown. To elucidate these, we
analyzed the relationships between oxytocin concentra-
tions during and after pregnancy, and medical history
assessed in the Japan Environment and Children’s Study
(JECS).

Methods We then selected the pregnant women with
a medical history of anxiety disorder and endometriosis
as cases and pregnant women without medical history
as controls adjusting the cohort for age and parity for a
nested case-control study, after which 162 women re-
mained for analysis. We evaluated 162 pregnant women
from JECS using answers provided in a questionnaire
and by measuring plasma oxytocin concentration by
ELISA during the first (T1) and second (T2) trimesters
of pregnancy, and after childbirth (T3).

Results Oxytocin concentration increased in a time
dependent manner, consistent with previous reports.
There were weak negative correlations between oxyto-
cin concentration at T1 and the mother’s age and height,
but no correlation with other factors. The mean oxytocin
concentrations of pregnant women with a history of an
anxiety disorder (n = 7) and endometriosis (n = 13) were
significantly lower than those of pregnant women with
no such history at T2 and T3.

Conclusion These results suggest that oxytocin con-
centrations during and after pregnancy were affected
by a past history of anxiety disorder and endometriosis.
This is the first study of the relationship between oxy-
tocin concentration and endometriosis. To elucidate the
molecular mechanisms, further study is needed.
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Post-partum depression (PPD) is defined by the
Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition, as a major depressive episode occurring
within 4 weeks to 3—6 months postpartum.! Ten to
15% of mothers develop this disorder during the first 6
months after childbirth.? PPD affects child development
by impairing mother-infant bonding and increasing the
risk of developmental disorders in infants.>> Because
a poor mother-infant relationship increases the risk of
psychological illness in the infants, 7 it is important to
identify risk factors for PPD to prevent such deficits in
the mother-infant relationship.

Oxytocin is a candidate mediator of the association
between poor social bonding and subsequent stress-
related psychiatric disorders. It is a peptide hormone
that is essential for mammalian labor and lactation.®
Recently, a number of studies have shown that oxytocin
has functions not only in peripheral tissues, but also
in the central nervous system, affecting brain func-
tions, such as memory, social bonding, and maternal
behavior.”~'® For example, oxytocin was shown to be
associated with autism in human studies, and patients
who were given oxytocin were more likely to trust
other people.!”"!? Interestingly, oxytocin receptor
knock-out mice showed impaired mother-infant bond-
ing, manifesting in infanticide and impaired parental
behavior.? These findings indicate that oxytocin has
an important role in mother-infant relationships, child
mental development and parental behavior, in addition
to its known physiological roles, such as in promoting
milk ejection. Although oxytocin now appears to have a
role in constructing the mother-infant relationship, it is
unknown whether the maternal circulating concentra-
tion of oxytocin affects social bonding. In particular,
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the factors affecting maternal oxytocin levels during
and after pregnancy such as medical history related to
nursing behavior are poorly characterized. To address
this deficiency in knowledge, we analyzed the relation-
ships between oxytocin concentration during and after
pregnancy and questionnaire in the Japan Environment
and Children’s Study (JECS).

MATERIALS AND METHODS

Data sources

The purpose of the JECS, an ongoing prospective birth
cohort study that began in 2011, is to evaluate the impact
of various environmental factors on children’s health
and development.?!->2 The JECS protocol was approved
by the Institutional Review Board on epidemiological
studies of the Ministry of the Environment (MOE) and
the ethics committees of all participating institutions.
The JECS was conducted in accordance with the
Declaration of Helsinki, 1964, and its later amendments,
and with other national regulations. The present study
was based on the jecs-ag-ai-20160424 dataset released
in April 2016, which does not contain any patient identi-
fying information.

Self-administered questionnaires, which were com-
pleted by the women during their first and second/third
trimesters of pregnancy and after child birth, were used
to collect information on the age, body mass, and height
of the mother, the body mass of the child, maternal par-
ity, and her medical history of psychiatric disorder and
gynopathy at the first trimester.

The pregnant participants were regularly examined
in the antenatal clinic, and blood samples were drawn
for routine gynecological checks during the first tri-
mester (15.7 + 3.6 weeks of gestation, T1), the second
trimester (25.6 + 2.0 weeks of gestation, T2), and after
childbirth (3.4 + 0.9 days postpartum, T3). All blood
samples were collected into tubes containing EDTA.
Because the blood samples were to be used in the main
JECS study, residual blood in the EDTA-containing
tubes was used for this study if available. Residual
blood was fractionated to generate plasma and eryth-
rocytes by centrifugation. Plasma samples were sent to
Special Reference Laboratories, Inc. (Tokyo, Japan) for
measurement of oxytocin concentration by Enzyme-
Linked ImmunoSorbent Assay (ELISA).

Study subjects

Pregnant women who visited antenatal hospitals in
Tottori Prefecture were initially recruited to JECS, and
JECS participants in the coastal area of the prefecture
(3,099 pregnant women) were considered for recruit-
ment into the adjunct study, of which 840 were recruit-
ed. We then selected the pregnant women with medical

history of an anxiety disorder and endometriosis as case
and pregnant women without medical history as control
for adjusting the cohort for age and parity for nested
case-control study, after which 162 women remained for
analysis. The women were then classified by their medi-
cal history of psychiatric disorders or gynopathy.

Statistical analysis

Pearson’s correlation coefficient was used to evaluate
the relationship between plasma oxytocin concentra-
tion and maternal parameters, and Student’s #-test for
comparison of oxytocin concentrations between groups,
using IBMSPSS software version 23 (IBM, Armonk,
NY) and MATLAB (Mathworks, Natick, MA). P <
0.05 was considered to represent statistical significance.
MATLAB software was used to prepare the graphs.

Ethical approval

All procedures performed in studies involving hu-
man participants were in accordance with the ethical
standards of the institutional and/or national research
committee and with the 1964 Helsinki declaration and
its later amendments, or comparable ethical standards.
This article does not contain any studies with animals
performed by any of the authors. The study protocol
was approved by Tottori University (No. 2203) and this
study was conducted under the approval for JECS as an
adjunct study. Written consent was obtained from MOE
on the basis that it did not interfere with the main JECS
study.

RESULTS
We collected 162 blood samples from JECS participants
in the Tottori Regional Center. Their mean age was
31, mean height was 156 cm, mean body mass before
pregnancy was 52 kg, mean body mass before childbirth
was 62 kg, and their mean number of pregnancies was
2 (Table 1). First, plasma oxytocin concentration was
quantified by ELISA. The mean oxytocin concentration
was 85 micro unit/mL at T1, 396 micro unit/mL at (T2),
and 670 micro unit/mL after childbirth (T3); i.e. oxyto-
cin concentration increased in a time-dependent manner
(Fig. 1). However, oxytocin concentrations did not
increase in some patients. To elucidate the factors affect-
ing oxytocin concentration during and after pregnancy,
correlation coefficients were calculated. The variables
used were oxytocin concentration, body mass, height,
age, and parity. There was a weak negative correlation
between oxytocin concentration at T1 and the mother’s
age and height, but there was no correlation with other
factors (Table 1).

Next, to determine why oxytocin concentrations
might differ between women at time-points during and
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Table 1. Sample characteristics for the whole population and correlations between parameters and oxytocin

concentrations

Average p p P p P
(SD) (TDH (T2) (T3)

Age 31.3(54) —0.240* 0.017 0.011 0.9 0.122 0.177
Height (cm) 156 (5.47) —0.188* 0.033 0.095 0.232 —-0.05 0.534
Ry iR 516(7.59) 004 0.664 ~0.117 0.15 ~0.012 0.883
before pregnancy (kg)
Body mass
before delivery (ke) 61.5 (8.45) -0.025 0.777 -0.177 0.026 0.066 041
Parity 2.0(1.2) 0.003 0.973 0.072 0.367 0.114 0.154

Mean values for the whole population and correlation coefficients between plasma oxytocin concentration and each parameter were
calculated. * indicates a significant correlation. Total n = 162. *P < 0.05
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Fig. 1. Time course of plasma oxytocin concentration in moth-
ers. Plasma oxytocin increased during pregnancy in a time-
dependent manner. Blood samples were collected during the first
(15.7 + 3.6 weeks of gestation, T1) and second (25.6 = 2.0 weeks
of gestation, T2) trimester of pregnancy, and after childbirth (3.4
+ 0.90 days postpartum, T3). Plasma samples were analyzed by
ELISA. Values are mean + SEM.

after pregnancy, patients were classified according to
their medical history, and mean oxytocin concentra-
tions were calculated and compared between groups.
Specifically, psychiatric disorders and gynopathy were
considered (Table 2). The oxytocin concentrations of
pregnant women with a history of an anxiety disorder
were significantly lower than those of women without
this history during the second trimester and after
childbirth (Fig. 2A, Table 2). However, there were no
correlations between oxytocin and other psychiatric
disorders (Table 2). With respect to gynopathy, the

oxytocin concentrations of pregnant women with a
history of endometriosis were also lower than those
of women without such history (Fig. 2B, Table 2). An
association with oxytocin was not detected for any other
gynopathies (Table 2). These results indicate that a
medical history of an anxiety disorder and endometrio-
sis is associated with oxytocin concentration during and
after pregnancy.

DISCUSSION

In previous studies, it has been shown that circulating
oxytocin concentrations are associated with the likeli-
hood of a mother becoming depressed during and after
pregnancy, and the social bonding between mother and
children.?’- 2! However, the factors affecting oxytocin
concentration in mothers, such as medical history are
poorly characterized. Therefore, to identify some of
these factors, we analyzed the relationships between
oxytocin concentration during and after pregnancy with
various parameters in subjects enrolled in JECS. We
found that oxytocin concentration increased in a time-
dependent manner (Fig. 1) and that a medical history of
an anxiety disorder and endometriosis was associated
with lower oxytocin concentrations during the second
trimester of pregnancy and after childbirth (Fig. 2).

In clinical studies, it has been shown that plasma
oxytocin concentrations in women gradually increase
from 25th weeks of pregnancy.?® >4 Consistent with
these, oxytocin concentrations increased in a time-
dependent manner in our study (Fig. 1).

Recent studies have suggested that oxytocin may
have anxiolytic effects. Oxytocin released from the
hypothalamus mediates mating-induced anxiolysis in
rats, and in human studies intranasal oxytocin has been
shown to reduce anxiety, possibly through effects at the
level of the amygdala.'”25-?° In our study, women who
had a medical history of an anxiety disorder had lower
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Table 2. Mean oxytocin concentrations in women classified according to their medical history

Average oxytocin concentration (WU/mL)

Medical history N Tl P ™ P T p
(SEM) (SEM) (SEM)
Psychiatric disorder
Depression w/ 6 65.1+9.3 311 +117 526 +£236
0.197 0.500 0.565
w/o 158 854+7.6 399 +39.0 676 £ 71.1
Dysautonomia w/ 12 106 +44.9 338 +96.7 523 +£ 151
0.722 0.554 0.402
w/o 50 83.547.31 401 +£40.1 681 +£73.2
Anxiety disorder w/ 7 147+54.3 183 +43.4* 252 +71.4*%
0.318 0.001 <.001
w/o 155 81.7+7.24 406 +39.2 690 +71.6
Epilepsy w/ 3 46.9 +22.7 169 £ 90.8 163 £ 103*
0.221 0.108 0.012
w/o 159 85.7+748 400 +38.3 680+ 70.0
Migraine w/ 11 108 £37.5 450 + 148 859 +331
0.547 0.715 0.563
w/o 151 82.8+74 392+39 657+70.1
Others w/ 6 104 +57.1 426 +£227 604 + 439
0.736 0.897 0.881
w/o 156 83.8+£7.32 395+384 673 £69.9
Gynopathy
Menstrual irregularity w/ 22 105 +33.7 631 £ 158 944 + 228
0.576 0.107 0.196
w/o 140 81.9+6.85 359+£35.3 626 +70.9
Endometriosis w/ 13 40.1 +12.5* 194 + 44.2* 148 +15.3*
0.005 <.001 <.001
w/o 149 894+79 414+ 40.6 702+73.2
Uterine fibroid w/ 8 555+179 231 + 108 755 +475
0.176 0.166 0.869
w/o 154 86.5+7.68 405 +39.2 667 £ 69.0
Ovarian tumor w/ 5 84.0+272 625+ 315 994 + 488
0.982 0.497 0.534
w/o 157 84.8 +7.55 389+377 660 + 69.6
Others w/ 11 53.1+11.8*% 431 £ 176 545 £207
0.045 0.838 0.550
w/o 151 872 +£781 394 £ 38.6 680+ 72.5

* indicates a significant difference from mothers with no relevant medical history. Because the number of patients with a particular
medical history were < 2, the mean oxytocin concentration was not calculated in medical history of Schizophrenia, Meningitis,
Hydrocephalus, Uterine adenomyosis, Malformation of Uterus, Polycystic Ovary Syndrome and Malformation of Urinary Tract or
Genital Organs. 'w' and 'w/o' indicate the with and without, respectively. SEM, standard error of the mean.

oxytocin concentrations than those who did not (Fig.
2A). Taking all these data together, oxytocin concentra-
tions may be lower in individuals with a history of anxi-
ety during pregnancy, because their oxytocin secretory
capacity is lower than in women without this history (Fig.
3).

This is the first study of the relationship between
oxytocin concentration and endometriosis. It is reported
that estrogen activity was enhanced in endometriosis
tissue.’® In addition, sex hormone such as estradiol is
increased oxytocin receptor expression in vitro study.’!
In previous studies, endometriosis patients tend to ab-
normally express oxytocin receptor higher in the uterine
junctional zone compared with normal patients.3? 33
These results indicate that oxytocin receptor expression

is increased by enhancement of sex hormone activity
due to endometriosis. Due to the increase of oxytocin
receptor by endometriosis, oxytocin sensitivity in the
uterus may be enhanced and lower oxytocin is sufficient
for the physiological role of oxytocin. This mechanism
may provide an explanation for the lower concentrations
of oxytocin measured during and after pregnancy (Fig.
3B). However, because the molecular system of oxytocin
regulation in endometriosis patients is still unknown,
further study is needed.

Previous clinical studies have shown that oxytocin
concentrations are associated with PPD, and in a
genetics study, a polymorphism in the oxytocin gene
at 152740210 was associated with PPD.3 3436 [n recent
intervention studies, intranasal oxytocin treatment of
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Fig. 2. Time course of plasma oxytocin concentration in mothers
with a medical history. Patients were classified by their medical
history and their mean plasma oxytocin concentrations were
calculated. Anxiety disorder (A) and endometriosis (B). Values
are mean = SEM. #**P < (0.001; *P < 0.05, by #-test.

PPD patients was shown to partially ameliorate affective
disturbances and to improve the mother-infant relation-
ship.3>- 37 These results are consistent with an effect of
oxytocin on PPD. In addition, a medical history of endo-
metriosis has been shown to be a risk factor for PPD.3#
In our study, a medical history of endometriosis was as-
sociated with lower oxytocin concentrations during and
after pregnancy (Figs. 2B and 3B). Although molecular
mechanisms linking a medical history of endometriosis
with PPD are unknown, oxytocin is likely to play a role
in the PPD developing mechanism by medical history of
endometriosis.

There were four principal limitations to our study.
The first was that we could not judge the severity of
endometriosis perfectly because questionnaires were
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Fig. 3. Possible mechanism underlying the relationship between
oxytocin concentration during pregnancy and medical history. (A)
Basal oxytocin level was lower in mothers who had a history of
an anxiety disorder. Due to inhibition of basal oxytocin secretion,
an anxiety disorder developed. This inhibition affects the plasma
oxytocin concentration during pregnancy. (B) Oxytocin receptor
expression is affected by a maternal history of endometriosis.
This change in expression affects the feedback from the uterus to
the brain, resulting in lower plasma oxytocin during pregnancy.

self-administered. It is possible that the severity of
endometriosis may affect oxytocin secretion. To eluci-
date this, further studies are needed. The second was
that we could not match the timing of blood sampling
between participants. Blood samples were collected in
the daytime, but circadian rhythms may still affect the
measured oxytocin concentrations. However, in previ-
ous clinical studies, no time-dependent peaks in plasma
oxytocin were identified in humans during the day.> 4
These data indicate that there is no influence from circa-
dian rhythms with respect to plasma oxytocin concen-
tration. Thus, we did not anticipate any effect of sample
timing on our results. The third limitation was the stor-
age condition of the blood samples. We stored the blood
samples with EDTA at —20°C, without the inclusion of
a protease inhibitor; therefore, oxytocin levels may have
decreased during storage. However, oxytocin is highly
stable in human plasma for 1 month and at least 17
hours when frozen or in cold aqueous solution, respec-
tively,'~#* implying that oxytocin concentration should
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not be affected in samples frozen without a protease in-
hibitor for the relevant period of time. The fourth limita-
tion was that we could not identify an effect of changes
in an individual mother’s oxytocin concentration on
her mental health and behavior. However, in an animal
study, oxytocin knock-out mice showed altered parental
behavior,2? and in human studies, maternal mental
health was affected by oxytocin concentration.? 343643
In addition, maternal psychiatric disorders affect child
development and the mother-infant relationship.>= In
our study, oxytocin concentration was associated with
the presence of specific medical histories. However, it
may be that oxytocin concentration could be used to
predict the nature of mother-infant relationships. To
evaluate this possibility, the JECS questionnaire could
be used to correlate the mother’s oxytocin concentration
with the child’s subsequent mental development.

In conclusion, oxytocin concentrations during and
after pregnancy were affected by a past history of anxi-
ety disorder and endometriosis. Because oxytocin has a
role in social bonding, the mother’s medical history may
affect the mother-child relationship.
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