Takahata et al. BMC Pregnancy and Childbirth
https://doi.org/10.1186/s12884-019-2504-3

(2019) 19:351

RESEARCH ARTICLE

Open Access

Oxytocin levels in low-risk primiparas
following breast stimulation for
spontaneous onset of labor: a quasiexperimental study
Kaori Takahata1* , Shigeko Horiuchi1,2, Yuriko Tadokoro3, Erika Sawano4 and Kazuyuki Shinohara4

Abstract
Background: Breast stimulation is performed to self-induce labor. However, there are apparently no reports on
hormonal evaluation during stimulation for consecutive days in relation to induction effect. We evaluated the
salivary oxytocin level following 3 consecutive days of own breast stimulation for 1 h each day compared with no
breast stimulation.
Methods: We used a quasi-experimental design. The participants were low-risk primiparas between 38 and 39
gestational weeks. Eight saliva samples per participant were collected at preintervention and 30, 60, and 75 min
postintervention on the first and third days. The primary outcome was change in the salivary oxytocin level on the
third day after 3 consecutive days of breast stimulation for 1 h each day compared with no breast stimulation. The
secondary outcomes were the rate of spontaneous labor onset and negative events including uterine
hyperstimulation and abnormal fetal heart rate.
Results: Between February and September 2016, 42 women were enrolled into the intervention group (n = 22) or
control group (n = 20). As there were differences in the basal oxytocin levels between the 2 groups, to estimate the
change in the oxytocin level from baseline, we used a linear mixed model with a first-order autoregressive (AR1)
covariance structure. The dependent variable was change in the oxytocin level from baseline. The independent
variables were gestational weeks on the first day of intervention, age, education, rs53576 and rs2254298, group,
time point, and interaction of group and time. After Bonferroni correction, the estimated change in the mean
oxytocin level at 30 min on the third day was significantly higher in the intervention group (M = 20.2 pg/mL, SE =
26.2) than in the control group (M = − 44.4 pg/mL, SE = 27.3; p = 0.018). There was no significant difference in the
rate of spontaneous labor onset. Although there were no adverse events during delivery, uterine tachysystole
occurred in 1 case during the intervention.
Conclusions: The estimated change in the mean oxytocin level was significantly higher 30 min after breast
stimulation on the third day. Thus, consecutive breast stimulation increased the salivary oxytocin level. Repeated
stimulations likely increase the oxytocin level.
Trial registration: UMIN000020797 (University Hospital Medical Information Network; Prospective trial registered:
January 29, 2016).
Keywords: Breast stimulation, Salivary oxytocin, Induction of labor, Labor onset, Single nucleotide polymorphism,
Pregnant women, Complementary therapies
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Background
Many pregnant women exert conscious effort to induce
labor using various methods such as breast stimulation
before synthetic oxytocin infusion becomes necessary
[1–3]. Breast stimulation is a natural method that requires no cost or technology, and the procedure can be
taught by midwives and performed by pregnant women
at their own convenience. A systematic review previously
reported that breast stimulation for labor induction reduced the number of women who were not in labor after
72 h [4]. In a recent pilot randomized control trial
(RCT), it was clarified whether breast stimulation aided
the spontaneous onset of labor and vaginal delivery in
200 Indian pregnant women at term pregnancy [5]. Regarding the breast stimulation time and period, previous
studies reported 60 min once a day for 3 days (minimum
stimulation time and period) [6], more than 90 min
twice a day for 3 days [7], 60 min three times a day for 3
days [8], 15–30 min twice a day for 1 week [5], and 1 h a
day (encouraged 3 h or more) for 1 week or until born
[9]. Other studies reported that breast stimulation instructions were shown in a movie for 2 min [6] or breast
stimulation was initially performed in the hospital [8].
Most studies involved stimulation methods that were
not strictly controlled interventions being mainly applied
at home. What was common among these studies was
stimulation of the nipple and areola for long hours by selfmassage at home. However, there is still no standard definition of breast stimulation, thus the method, timing,
time, and period vary from study to study. Moreover, an
effective intervention time for breast stimulation has yet
to be established. Additionally unknown are whether
physiological alterations such as hormonal changes on
consecutive days have a labor induction effect.
Breast stimulation promotes the production and release
of oxytocin, which is considered to cause uterine contraction leading to spontaneous labor. Previous studies have
measured the oxytocin level in pregnant women during a
short breast stimulation time at various minute intervals in
1 day. The increase in the oxytocin level in pregnant
women as induced by breast stimulation was either not significant [10, 11] or significant [12–14]. These vividly show
the inconsistencies of the reported oxytocin levels induced
by breast stimulation. The maximum breast stimulation
times in previous reports were 12 [10, 12, 14], 30 [13], and
40 [11] minutes. What remains lacking are studies investigating the effects of breast stimulation for several days on
changes in the oxytocin level. Moreover, there is a gap in
knowledge related to repeat efficacious breast stimulation,
oxytocin level, and spontaneous onset of labor.
Our previous feasibility study suggested the possible increase in salivary oxytocin level by breast stimulation on
the third day of intervention [15]. Sixteen low-risk women
in their late pregnancy participated in our previous study.
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They performed breast stimulation for 1 h each day for 3
days. Our previous study, however, lacked a control group.
We also had to improve the saliva collection method because half of the collected samples had insufficient
amount for saliva assay.
The present study aimed to evaluate the salivary oxytocin level after 3 consecutive days of breast stimulation for
1 h each day compared with no breast stimulation. The
primary outcome was the change in oxytocin level on the
third day. The secondary outcomes were the rate of spontaneous labor onset and negative events including uterine
hyperstimulation and abnormal fetal heart rate.

Methods
Study design and participants

The present study used a quasi-experimental design with
a control group. Data were collected from February 2016
to September 2016 in a single maternity hospital located
in an urban area in Kanagawa, Japan. This is the same
hospital as in our preliminary study [15].
The eligibility criteria for participation were as follows:
(1) between 20 and 39 years of age, (2) having singleton
and cephalic position and planning spontaneous delivery
as low-risk pregnancy, (3) between 38 and 39 weeks of
gestation, and (4) Asian and can read and write Japanese.
Women were excluded from the study if they have (1) ongoing medications related to their gestation, (2) medical
or pregnancy complications, (3) mental illness, (4) a medical history of assisted reproductive technology treatment,
(5) a BMI above 25 before pregnancy, (6) planned on having an induced labor, or (7) already conducted breast
stimulation for more than 10 min per day.
When eligible women at 34 weeks of gestation visited
the hospital for a health check-up, they were recruited
and they provided written informed consent. The participants were nonrandomly assigned into 2 groups. The
first half was assigned to the control group and the last
half to the intervention group. After participating in the
study, the participants received monetary compensation
by bank transfer (¥2000 or about $20 per day) based on
the number of days participating in the intervention.
The warranted sample size was 15 subjects for each
group in reference to previous reports on plasma oxytocin
level in relation to short breast stimulation in pregnant
women requiring 10–20 people [10–14]. Considering a
dropout rate of 30% from the lack of saliva for assay using
the improved saliva collection protocol from our previous
study [15], the sample size needed was 22 women for each
group.
All the participants and healthcare providers at the
study settings and a biochemist who assessed the laboratory outcomes were masked regarding the participant
allocations.
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Procedures

The intervention period was 3 consecutive days. Women
visited a quiet room at the hospital after eating lunch on
the first and third intervention days. The participants sat
in a semi-Fowler’s position in a chair and were free to
change their posture.
On the first day in the intervention group after the basal
saliva collection, the women received an explanation of the
breast stimulation method. The researcher or research assistant demonstrated the procedure for about 5 min to
standardize the breast stimulation procedure as follows: (1)
rhythm, confirmation of 69 beats per minute using a lighting sign of metronome in mute; (2) overall posture, explanation regarding the proper positioning of the arm or fingers
for stimulation; (3) finger position, indication of the proper
position on a breast model; (4) pressure, indication using a
pressure-measuring instrument (Perineometer, OWOMED,
Gyeonggido, South Korea) (the recommended stimulation
pressure was < 10 mmHg, which is gentle and does not
damage the nipple); (5) final demonstration, stimulation of
the participant’s breast for about 5 counts according to the
stimulation rhythm.
Each breast was stimulated for 15 min on each side and
alternating for a total of 1 h per day, as simultaneous stimulation might cause uterine tachysystole [6, 7]. The nipple
was stimulated directly by the participant using either the
left or right hand. Pure lanolin nipple cream was used for a
more comfortable stimulation [5, 9]. The cream was given
to the participants who could apply it liberally. As an example of the breast stimulation procedure using the right
hand, stimulation was performed by pinching only the nipple using the thumb and forefinger. The thumb position
was in the “12 or 9 o’clock” direction of the nipple, with the
forefinger placed opposite of the thumb.
On the second day, breast stimulation was performed at
home before noon so that the participants can have access
to treatment within hospital hours in case of emergency. All
the necessary materials for breast stimulation were lent to
the women. To confirm compliance of the participants and
their safety, the women sent emails to researcher 10 min before the breast stimulation and within 10 min after the intervention indicating whether they had vaginal bleeding,
premature rapture of membrane, or less fetal movement.
On the third day, the same procedure on the first day
was performed at the hospital.
In the control group, on the first and third days after
the first saliva collection, the women continued to watch
a silent train movie. On the second day, they resumed
their usual life activities. On the third day, they repeated
the stimulation procedure performed on the first day.
Outcome measurements

The primary outcome was a higher oxytocin level at 30
min on the third day in the intervention group than in
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the control group. All saliva samples on the first and
third days were collected from 12:30 to 16:00 to control
for diurnal effects [16, 17]. Saliva samples (n = 4) were
collected before the intervention and at 30, 60, and 75
min after the start of the breast stimulation on the first
and third days. This means that the samples were collected at the 30, 60, and 75 min time frame from the onset of breast stimulation. The total number of samples
for each participant was 8. The participants were given
the following instructions to avoid interference with saliva oxytocin assay [18]: (1) exercise or alcohol is prohibited on the day before the intervention; (2) caffeine
intake is not allowed on the day of intervention; (3)
smoking, brushing, eating, and drinking (except drinking
water) are prohibited 1 h before saliva collection; (4) lipstick is not allowed.
Saliva collection was started after gargling [18]. Basal
saliva oxytocin level was determined after 10 min of rest
time while watching the movie “The World by Train”
without the narration (silent movie). Both the intervention
group and the control group watched the same movie
which is familiar to the Japanese population. The participants were instructed to wait for 3 min for the saliva to accumulate naturally in their mouth. Then, saliva samples
were collected in pre-chilled 2.0 mL polypropylene tubes
(Eppendorf, NY, USA) that were subsequently stored on
ice using a cut straw (passive drool). This process was repeated 3 times. The target amount of saliva to be collected
was 2.0 mL [15, 19]. If the amount of saliva collected was
small, the participants were instructed to self-massage
their submandibular gland line.
After saliva collection, the samples were immediately
stored in a freezer at − 80 °C. Oxytocin level was assayed
using the method of Carter et al. (2007) [20]. We added
the protease inhibitor aprotinin (500 KIU/mL) to inhibit
metabolic breakdown of the peptide after thawing the saliva [21]. Oxytocin level was determined by enzyme-linked
immunosorbent assay (ENZO Life Sciences, NY, USA)
(http://static.enzolifesciences.com/fileadmin/files/manual/
ADI-900-153A_insert.pdf). The technical report by Salimetrics LCC stated that the acceptable intra-assay and
inter-assay coefficients of variation are < 10 and < 15%, respectively. In the present study, the intra-assay and interassay coefficients of variation from the dilutions of test
samples were < 2.68 and < 5.49%, respectively. Where possible, all samples were run in duplicate (assay rate: 81.7%),
but some samples had insufficient volume of saliva and
were run as a single assay. There were also samples that
contained less saliva or more mucin and did not reach the
amount of saliva required for a single assay. These cases
were treated as missing data.
For the secondary outcome, a higher rate of spontaneous labor onset was found in the intervention group
than in the control group. Data on labor onset were
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obtained from the medical records. Moreover, data on
labor induction, labor augmentation, gestational weeks
at delivery, mode of delivery, and labor duration were
gathered.
For another secondary outcome, there was a difference
in the basal oxytocin level between the oxytocin receptor
gene SNPs. Recently, it has been reported that specific
oxytocin receptor gene SNP has decreased oxytocin sensitivity. It has also been confirmed that in the GG type
of rs53576, the duration of labor at the first stage is prolonged [22]. In addition, it has been found that the GG
type of rs2254298 is related to a significantly low plasma
oxytocin level [23]. Buccal mucosa samples were obtained using a sample collection swab (Epicentre, Wisconsin, USA). All the samples were analyzed for the
presence of 2 oxytocin receptor gene polymorphisms
(i.e., rs53576 and rs2254298) by genotyping using the
TaqMan SNP assay.
Negative events included uterine hyperstimulation, abnormal fetal heart rate, premature rupture of membranes, weak uterine contractions, Apgar score (1 and 5
min), meconium stained liquor, neonatal intensive care
unit admission immediately after birth, and stillbirth.
Cardiotocography was used to record the FHR and uterine activity 30 min before stimulation and until 30 min
after intervention.
Statistical analyses

The baseline characteristics and outcomes were compared between the intervention group and the control
group using an independent t-test, the chi-square test,
or Fisher’s exact test. In Table 2, we used a linear mixed
model with a first-order autoregressive (AR1) covariance
structure to estimate the change in the oxytocin level
from baseline. The dependent variable was change in the
oxytocin level from baseline. The independent variables
were gestational weeks on the first day of intervention,
age, education, rs53576 and rs2254298, group, time
point, interaction of group and time. All independent
variables were treated as fixed effects. Bonferroni correction was performed to avoid multiple comparison problems. SNPs were divided into groups GG and AA/AG,
and an independent t-test was performed for baseline
oxytocin level analyses. Statistical analyses were performed using SPSS Statistics version 24.0 J (IBM Corp.).
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participants could withdraw at any point in time. The
participants were assured that they will not be placed at
a disadvantage for non-participation in the research. The
women who took part in this study provided written informed consent for participation.

Results
Retention rates and demographic characteristics

Of the 131 women assessed using the eligibility criteria, 62
women consented to participate in this research. In the
control group, 32 women consented to participate, and 20
women started the intervention (no breast stimulation). In
the intervention group, of the 30 women who consented
to participate, 22 women started the intervention (breast
stimulation). Thus, a total of 42 low-risk primiparas participated (Fig. 1). There were no significant differences in
the baseline characteristics of the participants between the
2 groups (Table 1). There were also no correlations between the characteristics and the oxytocin baseline levels
on the first day.
Salivary oxytocin

The oxytocin level was significantly higher in the intervention group (n = 21, M = 159.6, SD = 101.7) than in the
control group (n = 17, M = 91.8, SD = 39.5) at baseline
on the first day (p = 0.009) (Table 2).
The estimated change in the mean oxytocin level at
30 min on the third day was significantly higher in the
intervention group (M = 20.2 pg/mL, SE = 26.2) than in
the control group (M = − 44.4 pg/mL, SE = 27.3; p =
0.018) (Table 3). At other points, there were no significant differences.
Although there was no significant difference between
the 2 groups, the estimated change in the oxytocin level at
60 min after the start of the intervention was lower than
the baseline level in the intervention group on each day
(first day, intervention group M = − 23.7, control group
M = − 42.1, p = 1.000; third day, intervention group M = −
19.7, control group M = − 45.9, p = 1.000) (Table 3).
Spontaneous onset of labor

There was no significant difference in the rate of spontaneous onset of labor between 18 women (81.8%) in the
intervention group and 16 women (80.0%) in the control
group (Table 4). There were no significant differences in
the other delivery outcomes between the 2 groups.

Ethical consideration

The study was approved by the Institutional Review
Board of St. Luke’s International University, Tokyo,
Japan (No. 15–085). This study was registered prospective in the Clinical Trials Registry of the University Hospital Medical Information Network in Japan (UMIN
000020797). Participation in this study was determined
by voluntary intention. Even after giving consent, the

Polymorphisms of oxytocin receptor

All samples could be analyzed by SNP detection; the
baseline oxytocin level could be analyzed on the first day
in 21 women in the intervention group and in 17 women
in the control group. However, there was also no significant difference between GG and AG/AA of rs2254298
and rs53576 and the baseline oxytocin level.
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Fig. 1 Flow diagram of participants. N: number of participants; n: number of subjects allocated to each group. The participants were not
randomly placed into 2 groups. The first half of the participants was assigned to the control group and completed the intervention first. The last
half was assigned to the intervention group and completed the intervention after the control group had finished

Adverse events

During delivery, there was no significant difference in
the adverse events between the 2 groups (Table 4).
During the intervention in the breast stimulation group
on the first day, only 1 woman interrupted the intervention
because of a painless uterine tachysystole with prolonged
FHR deceleration. From 2 min after the interruption, severe
variable deceleration within 3 min at the lowest point of 60
bpm was confirmed. After 30 min of monitoring, the obstetrician allowed the resumption of the experiment. However, because of the time schedule, the experiment was not
resumed. The woman showed no abnormal features
Table 1 Baseline characteristics of the study participants (N =
42)
pvalue

Intervention

Control

(n = 22)

(n = 20)

n

%

n

Age (years)

28.8

[3.8]

29.3 [3.7]

0.714

Gestational weeks

38.8

[0.4]

38.8 [0.5]

0.955

Living with partner

22

(100)

20

(100)

1.000

Married

22

(100)

20

(100)

1.000

Education ≥13 years

18

(81.8)

17

Due date confirmed by USG ≤ 12 gw 21

(95.5)

Fetal gender (boy)

12

Had contact with children

%

afterwards. Labor onset started 4 days after the intervention,
and normal delivery occurred in 4.5 h.
On the second day of home intervention in the intervention group, there was no emergency response incident.

Discussion
Primary outcome: salivary oxytocin level

To the best of our knowledge, this is the first quasiexperimental study to clarify the changes in oxytocin
levels as induced by breast stimulation over a 3-day
period. At 30 min after the start of the intervention on
the third day, the estimated change in the mean salivary
oxytocin level was significantly higher in the intervention
group than in the control group after adjustment of the
baseline level on the first intervention day using a linear
mixed model (p = 0.018, Table 3). At 30 min after the
Table 2 Details of the comparison of the mean salivary
oxytocin levels (pg/mL) between the intervention and control
groups (N = 42)
Intervention

Control

pvalue

n

Mean

SD

n

Mean

SD

Base

21

159.6

101.7

17

91.8

39.5

0.009

(85.0) 1.000

30 min

19

165.4

130.0

17

78.3

33.9

0.010

19

(95.0) 1.000

60 min

19

132.1

85.9

17

75.0

35.1

0.013

(54.5)

13

(65.0) 0.491

75 min

20

147.6

89.2

16

67.1

33.2

0.001

5

(22.7)

4

(20.0) 1.000

Base

15

163.8

122.2

13

79.9

42.5

0.023

Taking medicine

6

(27.3)

5

(25.0) 0.867

30 min

14

168.5

110.2

13

76.0

26.5

0.008

Oral injury

1

(4.5)

0

0.0

60 min

14

123.3

100.7

13

74.5

33.1

0.106

75 min

16

127.0

99.4

13

72.7

25.7

0.050

1.000

Oxytocin receptor polymorphisms
rs53576 (GG)

2

(9.5)

2

(11.8) 1.000

rs2254298 (GG)

10

(47.6)

8

(47.0) 0.976

p-value: using the two-tailed t-test, χ2 test, or Fisher’s exact test of
comparisons between the intervention group and the control group
[ ] shows standard deviation; ( ) shows %
USG Ultrasonography

First day

Third day

An independent t-test was performed for oxytocin level analyses. Welch’s ttest was conducted when the data had unequal variances. In this table, the
assumption of normality was adopted in 9 out of 16 samples. The assumption
of normality was possible at baseline and at 75 min on the first day and at 30
min on the third day in both groups
p-value: using the two-tailed t-test
SD Standard deviation
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Table 3 Estimated changes in the mean oxytocin level in the
intervention and control groups using the linear mixed model
with the baseline oxytocin level on the first day and the
characteristic factors as covariates (N = 37)

First

Third

Intervention

Control

M

M

Base

ref

SE

pa

pb

SE

ref

30 min

6.1

25.3

−38.8

28.2

0.053

0.369

60 min

−23.7

24.0

−42.1

25.1

0.169

1.000

75 min

−8.6

24.9

−49.1

25.8

0.012

0.083

Base

18.7

27.4

−40.1

29.1

0.021

0.144

30 min

20.2

26.2

−44.4

27.3

0.003

0.018

60 min

−19.7

25.9

−45.9

27.0

0.171

1.000

75 min

−19.6

25.7

−49.1

26.9

0.119

0.832

The covariate was evaluated based on the basal oxytocin level on the first
day = 121.1, gestational weeks on the first day of
intervention = 38.7, age = 29.0
M Mean estimate level, SE Standard error, ref reference
a
: Without correction, b: With Bonferroni correction

start of the intervention on the first day, the estimated
mean salivary oxytocin level was not significantly higher
in the intervention group than in the control group (p =
0.369, Table 3). It is possible that the oxytocin level in
the intervention group was increased by the repeated
breast stimulation. In previous studies, breast stimulation was performed only for 1 day, thus there is a possibility of showing inconsistent results [10–14]. There is
also a possibility that adaptive changes occur by repeated
exposure to endogenous oxytocin [24].
Although there was no significant difference, another
noteworthy fact is that the oxytocin level at 60 min after
the start of the intervention was lower than the baseline
level in the intervention group (first day, M = − 23.7;
third day, M = − 19.7). As breast stimulation was continued for 60 min, it was anticipated that the 60-min time
point would indicate the peak of the oxytocin level; however, the oxytocin level decreased even when the breast
stimulation was continued. As the oxytocin level gradually decreased in the control group, it is possible that
the oxytocin level in the intervention group naturally decreased after reaching the peak level.
Several studies have recommended breast stimulation
for more than 180 min per day [7–9]. A previous study reported that for women who delivered in less than 42
weeks of gestation, breast stimulation for 3 h or longer resulted in significantly shorter days to delivery than stimulation for less than 3 h [9]. However, the breast
stimulation was performed at home and was not a strictly
controlled intervention. On the other hand, our results
suggested that breast stimulation may not increase the
oxytocin level even if the breast is stimulated for more
than 60 min. Earlier studies used longer intervention periods such as 7 days [5]. Importantly, it may be possible to

increase the basal oxytocin level using breast stimulation
by repeated interventions rather than by a long stimulation period.
Secondary outcomes

There was no significant difference in the rate of spontaneous onset of labor in the 2 groups. Moreover, there was
no significant difference in the rate of labor onset within
72 h after the intervention. A possible reason why this hypothesis is not supported aside from the sample size is the
gestational weeks when the intervention was started. For
women in their late gestational weeks, oxytocin receptor
mRNA protein levels have been found to increase [25, 26].
It has also been shown that an increase in oxytocin levels
and the number of oxytocin receptors are correlated with
an increase in response to oxytocin [27] and a better response to synthetic oxytocin [28]. In previous RCTs, the
number of gestational weeks when the breast stimulation
intervention was started varied, namely, at the completion
of 37 weeks [8], 38 weeks [5, 7], and 39 weeks [6, 9]. Thus,
the present study cannot be considered as an earlier intervention compared with these previous studies.
In the present study, SNPs rs2254298 and rs53576 appeared to have not affected the basal oxytocin level; however, this outcome should be confirmed by re-examination
with an appropriate sample size.
There were no adverse events during delivery similarly
to previous studies [6, 7, 9]. During the experiment, 1
woman confirmed painless uterine tachysystole. FHR
tracing shows the acid-base status of the fetus at the
time of observation. Prolonged deceleration is classified
as Category II FHR tracings. In this category, the tracings are insufficient to judge as predictive of an abnormal acid-base status and are observed daily in routine
practice [29]. In the present study, all the participants
were low-risk pregnant women who received regular
prenatal check-up and had cardiotocography for FHR
monitoring at least 30 min before the intervention. In
previous studies, uterine hyperstimulation or tachysystole as an adverse event during the experiment was not
reported. However, there was only 2 studies [7, 30] that
confirmed FHR monitoring. In the future, it is recommended to perform daily fetal movement counts at
home and the breast stimulation stress test in questionable cases before the intervention [9]. As described, it is
necessary to pay sufficient attention to safety particularly
for those undergoing intervention for the first time.
Limitations of the study and suggestions for future
studies

There are several limitations in this quasi-experimental
study. First, the oxytocin levels were significantly higher
in the intervention group than in the control group at
baseline on the first day. The baseline differences were,
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Table 4 Delivery outcomes and negative effects (N = 42)

Gestational weeks at delivery

Intervention

Control

(n = 22)

(n = 20)

p-value

n

%

n

%

40.0

[0.7]

40.0

[0.7]

0.771
1.000

Spontaneous onset of labor

18

(81.8)

16

(80.0)

Induced labor

4

(18.2)

4

(20.0)

Onset of labor within 72 h after and within intervention

5

(22.7)

6

(30.0)

0.734

Vaginal delivery

20

(90.9)

16

(80.0)

0.489

Instrumental delivery

2

(9.1)

3

(15.0)

Cesarean section

Mode of delivery

0

(0.0)

1

(5.0)

Weak uterine contractions

5

(22.7)

8

(40.0)

0.320

Labor augmentation

3

(13.6)

7

(35.0)

0.214

No synthetic oxytocin used during labor

7

(31.8)

11

(55.0)

0.212

Duration from intervention to delivery in patients who completed 3 days without induction of labor (Intervention, n = 13; Control, n = 12).
First stage (minutes)

734

[497.1]

816

[663.9]

0.650

Second stage (minutes)

118

[179.0]

153

[241.4]

0.599

Third stage (minutes)

4

[2.9]

3

[1.4]

0.052

Duration of labor (hours)

14.2

[8.6]

16.9

[12.4]

0.441

Premature rupture of membranes

5

(22.7)

3

(15.0)

0.700

Uterine hyperstimulation

0

(0.0)

0

(0.0)

–

Bleeding
Within the 2 h after birth (g): M [SD]

47

[22.2]

60

[39.4]

0.208

Total bleeding volume (g): M [SD]

317

[184.1]

450

[270.2]

0.074

Postpartum hemorrhage

3

(13.6)

7

(35.0)

0.152

Apgar Score at 1 min (< 7)

0

(0.0)

1

(5.0)

0.476

Apgar Score at 5 min (< 7)

0

(0.0)

0

(0.0)

–

Birth weight (in grams)

3090

[287]

3077

[277]

0.881

NICU admission immediately after birth

1

(4.5)

1

(5.0)

1.000

Meconium-stained liquor (≥ 2+)

1

(4.5)

4

(20.0)

0.174

Stillbirth

0

(0.0)

0

(0.0)

–

p-value: using the two-tailed t-test, χ2 test, or Fisher’s exact test of comparisons between the intervention group and the control group.[ ] shows standard
deviation; ( ) shows %
NICU Neonatal Intensive Care Unit

however, unlikely to be affected by the storage period in
the freezer. This is because saliva samples were collected, they were sent frozen for analysis and were analyzed once a month. The freezer storage time of the
saliva samples from the control and intervention groups
was almost the same, thus the intervention arm samples
were not in the freezer for a shorter amount of time.
Moreover, the samples from both groups were handled
similarly. A future RCT may resolve this oxytocin level
difference. Second, the number of participants were limited. Based on the p-values before Bonferroni correction
in Table 3, increasing the sample size may increase the
power. However, considering that early-term births (before 39 weeks of gestation) are associated with adverse

neonatal outcomes [31, 32], the timing of the intervention cannot be carried out any earlier than what was implemented in the present study.
The strength of this research is the unified intervention under a strict supervision. Previous RCTs of breast
stimulation were not strictly controlled interventions because they were mainly carried out at home. It is valuable to find a significant difference in the 2 oxytocin
groups under this setting.
In future RCTs, a large sample size and measurement of
the Bishop score are warranted to fully clarify the effects
of breast stimulation on the oxytocin level in relation to
labor induction, onset, and augmentation. In addition, it
was suggested that repeated stimulations may increase the

Takahata et al. BMC Pregnancy and Childbirth
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oxytocin level rather than a longer stimulation at one time
as shown in this study. Also, it is desirable to perform a
comparative study in which the rate of spontaneous labor
onset is set as the primary outcome, as well as to set up
multiple intervention groups that perform long and short
periods (30 min or less) of breast stimulation.

Conclusion
Breast stimulation for 1 h each day for 3 days resulted in a
significantly higher estimated change in the mean oxytocin
level at 30 min postintervention on the third day in the
intervention group than in the control group. Repeated
breast stimulations for spontaneous onset of labor caused an
increase in the salivary oxytocin level. Further studies are required wherein the rate of spontaneous labor onset is set as
the primary outcome from multiple intervention groups to
clearly identify an effective breast stimulation method.

Page 8 of 9

Availability of data and materials
All raw data generated or analyzed during this study are available from the
corresponding author upon reasonable request.
Ethics approval and consent to participate
This study was approved by the Institutional Review Board of St. Luke’s
International University, Tokyo, Japan (No. 15–085). The date of approval was
February 1, 2016.
This study was registered in the Clinical Trials Registry of the University
Hospital Medical Information Network in Japan (UMIN 000020797). The date
of disclosure of the study information and trial start was February 15, 2016.
The details of this research such as purpose and methods were explained by
the researchers to the participants, and written informed consent was
obtained from all the participants.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
Graduate School of Nursing Science, St. Luke’s International University, 10-1
Akashi-cho, Chuo-ku, Tokyo 104-0044, Japan. 2St. Luke’s Maternity Care
Home, 24 Akashi-cho, Chuo-ku, Tokyo 104-0044, Japan. 3Tokyo Healthcare
University, 1-1042-2 Kaijincho nishi, Funabashi-shi, Chiba 273-8710, Japan.
4
Graduate School of Biomedical Sciences, Nagasaki University, 1-12-4
Sakamoto, Nagasaki-shi, Nagasaki 852-8523, Japan.
1

Abbreviations
ANCOVA: Analysis of Covariance; FHR: Fetal Heart Rate; RCT: Randomized
Control Trial; SNP: Single Nucleotide Polymorphism
Acknowledgments
We deeply appreciate all the participants of this study. We also sincerely
thank Hiromasa Hori (MD), the late Director of Hori Hospital at Yokohama,
Kanagawa, Japan and Yoko Fukasawa (MS, CNM), the late Director of the
Nursing Service Department of Hori Hospital for their full support in
conducting this study. We appreciate Dr. Akiko Mori and Dr. Yukari Yaju for
all their support and important advice, and Ms. Naoko Maruyama (MS,
CNM) for her assistance in collecting the data.
We also greatly appreciate Dr. Edward Barroga (http://orcid.org/0000-00028920-2607), Medical Editor and Professor of Academic Writing at St. Luke’s
International University, for his review, advice, and suggestions on writing
the article.
Authors’ contributions
KT, SH, and YT designed the study, analyzed the data, and were the major
contributors in writing the manuscript. KT conducted the experiments and
collected the data. KT, YT, and ES improved the saliva collection methods
and analyzed the data. ES analyzed the oxytocin level and SNP. YT, ES, and
KS critically reviewed the results of the analysis of data and revised the drafts
of the study plan and manuscript. All authors have read and approved the
final manuscript.
Authors’ information
KT is certified nurse midwives and visiting researchers at St. Luke’s
International University, Tokyo Japan. SH is a Professor of the Graduate
School of St. Luke’s International University, Tokyo Japan, specializing in
midwifery and she is also Director of the St. Luke’s Maternity Care Home,
Tokyo Japan. YT is a junior associate professor of nursing at Tokyo Healthcare
University, Chiba, Japan, specializing in midwifery. ES is an Assistant Professor
of the Graduate School of Biomedical Sciences, Nagasaki University, Nagasaki
Japan, specializing in molecular neuroscience. KS is a Professor of the
Graduate School of Biomedical Sciences, Nagasaki University, Nagasaki Japan,
specializing in neurobiology and behavior.
Funding
This study was supported by grants from (1) MEXT/JSPS KAKENHI B
(26293475) and A (17H01613), (2) Terumo Foundation for Life Sciences and
Arts, (3) the Yamaji Fumiko Nursing Research Fund, and (4) by a generous
donation from The Japan Health Foundation.
The funding agencies did not have any role in the design of the study, the
collection, analysis, and interpretation of data, and in writing the manuscript.

Received: 29 May 2018 Accepted: 12 September 2019

References
1. Chaudhry Z. Women’s use of nonprescribed methods to induce labor: a
brief report. Birth. 2011;38(2):168–71.
2. Declercq ER, Sakala C, Corry MP, Applebaum S, Herrlich A. Major survey
findings of listening to mothers (SM) III: pregnancy and birth: report of the
third National U.S. survey of Women's childbearing experiences. J Perinat
Educ. 2014;23(1):9–16.
3. Kozhimannil KB, Johnson PJ, Attanasio LB, Gjerdingen DK, McGovern PM.
Use of nonmedical methods of labor induction and pain management
among U.S. women. Birth. 2013;40(4):227–36.
4. Kavanagh J, Kelly AJ, Thomas J. Breast stimulation for cervical ripening and
induction of labour. Cochrane Database Syst Rev. 2005;3(3):CD003392.
5. Singh N, Tripathi R, Mala YM, Yedla N. Breast stimulation in low-risk
primigravidas at term: does it aid in spontaneous onset of labour and
vaginal delivery? A pilot study. Biomed Res Int. 2014;2014:695037.
6. Adewole IF. Cervical ripening and induction of labour by breast stimulation.
Afr J Med Med Sci. 1993;22(4):81–5.
7. Salmon YM, Kee WH, Tan SL, Jen SW. Cervical ripening by breast
stimulation. Obstet Gynecol. 1986;67(1):21–4.
8. Damania KK, Natu U, Mhatre PN, Mataliya M, Mehta AC, Daftary SN.
Evaluation of two methods employed for cervical ripening. J Postgrad Med.
1992;38(2):58–9.
9. Elliott JP, Flaherty JF. The use of breast stimulation to prevent postdate
pregnancy. Am J Obstet Gynecol. 1984;149(6):628–32.
10. Leake RD, Fisher DA, Ross M, Buster JE. Oxytocin secretory response to breast
stimulation in pregnant women. Am J Obstet Gynecol. 1984;148(3):259–62.
11. Ross MG, Ervin MG, Leake RD. Breast stimulation contraction stress test:
uterine contractions in the absence of oxytocin release. Am J Perinatol.
1986;3(1):35–7.
12. Amico JA, Finley BE. Breast stimulation in cycling women, pregnant women
and a woman with induced lactation: pattern of release of oxytocin,
prolactin and luteinizing hormone. Clin Endocrinol. 1986;25(2):97–106.
13. Christensson K, Nilsson BA, Stock S, Matthiesen AS, Uvnas-Moberg K. Effect of
nipple stimulation on uterine activity and on plasma levels of oxytocin in full
term, healthy, pregnant women. Acta Obstet Gynecol Scand. 1989;68(3):205–10.
14. Finley BE, Amico J, Castillo M, Seitchik J. Oxytocin and prolactin responses
associated with nipple stimulation contraction stress tests. Obstet Gynecol.
1986;67(6):836–9.

Takahata et al. BMC Pregnancy and Childbirth

(2019) 19:351

15. Takahata K, Horiuchi S, Tadokoro Y, Shuo T, Sawano E, Shinohara K. Effects of
breast stimulation for spontaneous onset of labor on salivary oxytocin levels in
low-risk pregnant women: a feasibility study. PLoS One. 2018;13(2):e0192757.
16. Lindow SW, Newham A, Hendricks MS, Thompson JW, van der Spuy ZM.
The 24-hour rhythm of oxytocin and beta-endorphin secretion in human
pregnancy. Clin Endocrinol (Oxf). 1996;45(4):443–6.
17. Fuchs AR, Behrens O, Liu HC. Correlation of nocturnal increase in plasma
oxytocin with a decrease in plasma estradiol/progesterone ratio in late
pregnancy. Am J Obstet Gynecol. 1992;167(6):1559–63.
18. Salimetrics LCC. Saliva collection and handling advice. 3rd ed; 2015.
19. Tadokoro Y, Horiuchi S, Takahata K, Shuo T, Sawano E, Shinohara K. Changes
in salivary oxytocin after inhalation of clary sage essential oil scent in termpregnant women: a feasibility pilot study. BMC Res Notes. 2017;10(1):717.
https://doi.org/10.1186/s13104-017-3053-3.
20. Carter CS, Pournajafi-Nazarloo H, Kramer KM, Ziegler TE, White-Traut R, Bello
D, Schwertz D. Oxytocin: behavioral associations and potential as a salivary
biomarker. Ann N Y Acad Sci. 2007;1098:312–22.
21. Niwayama R, Nishitani S, Takamura T, Shinohara K, Honda S, Miyamura T,
Nakao Y, Oishi K, Araki-Nagahashi M. Oxytocin mediates a calming effect on
postpartum mood in primiparous mothers. Breastfeed Med. 2017;12:103–9.
22. Terkawi AS, Jackson WM, Thiet MP, Hansoti S, Tabassum R, Flood P. Oxytocin
and catechol-O-methyltransferase receptor genotype predict the length of the
first stage of labor. Am J Obstet Gynecol. 2012;207(3):184.e1–8.
23. Feldman R, Zagoory-Sharon O, Weisman O, Schneiderman I, Gordon I, Maoz
R, Shalev I, Ebstein RP. Sensitive parenting is associated with plasma
oxytocin and polymorphisms in the OXTR and CD38 genes. Biol Psychiatry.
2012;72(3):175–81.
24. Uvnas-Moberg K, Handlin L, Petersson M. Self-soothing behaviors with
particular reference to oxytocin release induced by non-noxious sensory
stimulation. Front Psychol. 2015;5:1529.
25. Liedman R, Hansson SR, Igidbashian S, Akerlund M. Myometrial oxytocin
receptor mRNA concentrations at preterm and term delivery - the influence
of external oxytocin. Gynecol Endocrinol. 2009;25(3):188–93.
26. Kimura T, Takemura M, Nomura S, Nobunaga T, Kubota Y, Inoue T,
Hashimoto K, Kumazawa I, Ito Y, Ohashi K, Koyama M, Azuma C, Kitamura Y,
Saji F. Expression of oxytocin receptor in human pregnant myometrium.
Endocrinology. 1996;137(2):780–5.
27. Fuchs AR, Periyasamy S, Alexandrova M, Soloff MS. Correlation between
oxytocin receptor concentration and responsiveness to oxytocin in
pregnant rat myometrium: effects of ovarian steroids. Endocrinology. 1983;
113(2):742–9.
28. Satin AJ, Leveno KJ, Sherman ML, McIntire DD. Factors affecting the dose
response to oxytocin for labor stimulation. Am J Obstet Gynecol. 1992;
166(4):1260–1.
29. Macones GA, Hankins GD, Spong CY, Hauth J, Moore T. The 2008 National
Institute of Child Health and Human Development workshop report on
electronic fetal monitoring: update on definitions, interpretation, and
research guidelines. Obstet Gynecol. 2008;112(3):661–6.
30. Chayen B, Scott E, Cheng C. Contraction stress test by breast stimulation as
part of antepartum monitoring. Acta Obstet Gynecol Scand. 1985;64(1):3–6.
31. Tita AT, Landon MB, Spong CY, Lai Y, Leveno KJ, Varner MW, Moawad AH,
Caritis SN, Meis PJ, Wapner RJ, Sorokin Y, Miodovnik M, Carpenter M,
Peaceman AM, O'Sullivan MJ, Sibai BM, Langer O, Thorp JM, Ramin SM,
Mercer BM, Eunice Kennedy Shriver NICHD Maternal-Fetal Medicine Units
Network. Timing of elective repeat cesarean delivery at term and neonatal
outcomes. N Engl J Med. 2009;360(2):111–20.
32. Reddy UM, Bettegowda VR, Dias T, Yamada-Kushnir T, Ko CW, Willinger M.
Term pregnancy: a period of heterogeneous risk for infant mortality. Obstet
Gynecol. 2011;117(6):1279–87.

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

Page 9 of 9

