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Abstract
Background: The purpose of the present study is to analyze the autonomic
nervous activity in multiparas while resting, nursing, and rooming-in/rooming-out during days 1 to 3 of early postpartum period. Methods: Subjects were
asked to record the actions they performed while wearing a heart rate monitor. Changes in autonomic nervous activity from 9 am to 12 pm and relaxation based on the relaxation (RE) scale were surveyed in multiparous women
experiencing a normal postpartum period, on postpartum days 1 to 3. Results:
Thirteen subjects were enrolled but heart rate data for all 3 days were available
for only 5 of them. In these patients, the autonomic nervous activity (heat
rate, high frequency [HF], or low frequency [LF]/HF) showed no significant
differences between the days during any of the time periods. However, of the 3
days, day 2 demonstrated a lower HF and higher LF/HF. Subjective sense of
relaxation was higher on postpartum day 3 compared to days 1 and 2, but
there was no significant difference observed in the 3-day total score. Though
no significant differences in HF and LF/HF at rest and during nursing were
observed for any of the 3 days, there was a tendency for HF to be lower and
LF/HF to be higher during nursing than at rest. Conclusions: Autonomic
nervous activity demonstrated no significant major changes between the 3
days of postpartum (day 1 to 3). However, the lower HF and higher LF/HF
during nursing and rooming-in suggest that even multiparas, who are supposedly accustomed to nursing and child-rearing, can be tense. Results suggest
that multiparas require monitoring, personal care, and attention so that they
can be relaxed and less tense while nursing and caring for their children.
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1. Introduction
Immediately after delivery, a woman undergoes significant physical and mental
changes, with changes in sex hormones and autonomic nervous activity, leaving
her prone to, both, physical and mental crises. Nakakita [1] noted that autonomic nervous activity in women who have recently delivered puts them potentially at risk of entering an unstable state, especially on postpartum day 1. Hasegawa [2] has also reported that many women who have recently undergone
childbirth have non-specific complaints, and these complaints that arise in this
period are due to changes in their autonomic nervous activity.
Previous research in women in the early postpartum period has shown that
their sense of relaxation and age are related to changes in autonomic nervous activity [3], and that women who have recently delivered and have high levels of
stress have higher sympathetic nervous activity on postpartum day 1 [4]. Primiparas are at high risk of post-partum blues, and due to the first experience with
childbirth, they require nursing care as well as guidance while in the hospital. In
contrast, multiparas, having experienced childbirth, receive lesser nursing care
or guidance while in the hospital after giving birth. Nonetheless, clinically, it is
not uncommon even for multiparas to complain of anxiety or tension, and require care that will produce a sense of relaxation. Mental and physiological imbalances in multiparas have been hypothesized to be possibly related to autonomic nervous activity, influencing factors different from those observed in
primiparas, and factors other than pregnancy and delivery [3]. However, existing
data is insufficient to investigate such theories. Therefore, there is a need to
study the features of autonomic nervous activity in multiparas, and develop
nursing care based on the results.
The purpose of the present study is to study the autonomic nervous activity of
multiparas while resting, nursing, and rooming-in/rooming-out during the early
postpartum period.

2. Material and Methods
2.1. Study Design
The present study used a survey with experimental techniques.

2.2. Study Participants and Data Collection Period
The study was conducted at an obstetrics and gynecology facility in Japan’s Kanagawa Prefecture. The participating facility implements rooming-in only during the day (11 am to 9 pm); at night, neonates are cared for in the nursery, allowing their mothers to have ample sleep. On the morning of postpartum day 2,
they receive guidance on nursing and infant bathing.
The subjects were women going through postpartum days 1 - 3. Inclusion criteria included multiparity, birth weight of the neonate of at least 2500 g, a favorable state of health after delivery in both mother and child, and rooming-in
care for the neonate during the day. Exclusion criteria included a prior history
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that would affect the autonomic nervous activity, cesarean section, loss of 500 g
or more of blood during delivery, diseases such as jaundice that requires phototherapy or birth defects in the child. The study period was from September to
November 2015.
The purpose of the study was explained and an informed consent was obtained from the participating patients. The study design was approved by the
Toho University Faculty of Nursing research ethics review committee (approval
no.: 26016).

2.3. Measurement Apparatuses
Subjects were asked to fill out a questionnaire with basic information such as
age, number of deliveries, age of previous child/children (≥3 years or <3 years),
and family structure, as well as information on the delivery (duration of labor,
child’s birth weight, loss of blood during delivery, and whether an episiotomy
was performed). They were also asked to respond to questions regarding their
current state (extent of physical symptoms and state of relaxation). Subjects were
asked to keep a simple log of actions performed while wearing a heart rate monitor.
A miniature heart rate recording device, ActiHR4 (CamNtech Ltd and
CamNtechInc, England), was used to record the heart rate, which was then analyzed through frequency analysis on a personal computer.
For autonomic nervous activity, I measured high frequency (HF) and low
frequency (LF)/HF. HF is representative of parasympathetic nervous activity,
and the LF/HF ratio is an indicator of sympathetic nervous activity [5] [6] [7].
HF was analyzed after logarithmic conversion (log10), because of considerable
individual differences and variations in the distribution of frequency domains.
Emotional state and relaxation were scored on a RE scale using the questionnaire. The RE scale is a self-administered questionnaire developed by Netate and
Uesato [8]. I used the modified version from Takahashi et al. [9], which uses a
10-point rating scale. Respondents use 10 points to rate the following four items:
“I was feeling high-strung/I was feeling relaxed”, “I had strength in my body/My
body had lost strength”, “I was anxious/I had peace of mind”, and “I felt confined/I felt open and free”. The higher the score, the stronger is the sense of relaxation.

2.4. Data Collection Method
The subjects wore the heart rate monitor for 3 hours—from 9 am to 12 pm—
from postpartum day 1 to day 3. The heart rate measurements were analyzed
through frequency analysis to calculate autonomic nervous activity (sympathetic
nervous activity and parasympathetic nervous activity).

2.5. Statistical Analysis
The statistical analysis was performed with SPSS Statistics 22 (IBM, USA). The
subjective attributes were analyzed with descriptive statistics. The three-day
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changes in heart rate, HF, and LF/HF were analyzed by repeated-measures
one-way analysis of variance and paired t-test. The level of significance was set at
5%, with two-sided tests in all instances.

3. Results
3.1. Participant Attributes
Of the 13 subjects, data of all 3 days was obtained from 5 and their attributes are
shown in Table 1. The mean age was 32.6 ± 3.84 years. Four women had previously experienced one childbirth while one woman experienced two childbirths. The mean neonatal birth weight was 3039 ± 284.4 g, duration of labor
was 346.8 ± 128.8 min, and blood loss was 232.6 ± 78.1 g. All 5 women were
from nuclear families. Three women had children under 3 years of age. Childcare during hospitalization was provided by the husbands alone in 3 women and
by the woman’s parents in 2 women.

3.2. Three-Day Changes in Autonomic Nervous Activity and RE
Scale
None of the items—heart rate, HF, or LF/HF, showed any significant differences
for the 3 days after childbirth (Table 2). However, of the 3 days, day 2 had the
lowest HF values, and highest LF/HF. On the RE scale, the mean RE score was
25.6 ± 5.4 points for day 1, 25.4 ± 6.3 points for day 2, and 29.2 ± 4.1 for day 3.
Compared with postpartum day 1 and day 2, a rise in scores was observed on
day 3, but there was no significant difference observed in the total RE scores between the 3 days after birth (F = 2.378, p = 0.195).
Table 1. Subject characteristics.
Number of subjects

5

Mean age (years)

32.6 ± 3.84

Duration of labor (min)

346.8 ± 128.8

Child’s birth weight (g)

3039 ± 284.4

Average blood loss (g)

232.6 ± 78.1

Prior childbirth experience:
One prior pregnancy

4 (80.0%)

Two prior pregnancies

1 (20.0%)

Table 2. Three-day changes in autonomic nervous activity.
Days after birth

F-value

p -value

77.9 ± 7.2

0.801

0.482

2.29 ± 0.25

2.60 ± 0.71

0.730

0.511

3.11 ± 1.65

3.01 ± 1.23

0.649

0.548

Day 1

Day 2

Day 3

Mean Heart rate (beats/min)

77.3 ± 8.6

81.0 ± 9.1

Parasympathetic nervous
activity indicator HF (msec2)

2.80 ± 0.64

Sympathetic nervous activity
indicator LF/HF (msec 2)

2.54 ± 0.63
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3.3. Actions Affecting Autonomic Nervous Activity Units
Of the 3 hours when the heart rate monitor was worn, rest was defined as the
time when the activity log showed “Slumber”, “Time spent in bed”, and “Leisurely resting”, and the mean autonomic nervous activity during this period was
calculated. The total resting time spent by each subject was 1 to 1.5 hours/3
hours. HF at rest was 2.54 ± 0.43 msec2 on day 1, 2.61 ± 0.42 msec2 on day 2, and
2.70 ± 0.34 msec2 on day 3. LF/HF was 2.24 ± 1.12 msec2 for day 1, 2.18 ± 1.93
msec2 for day 2, and 2.20 ± 1.60 msec2 for day 3.
Time that was logged as nursing was counted as nursing, and the mean autonomic nervous activity during this period were calculated. HF during nursing
was 2.26 ± 0.36 msec2 on day 1, 2.09 ± 0.38 msec2 on day 2, and 2.05 ± 0.54
msec2 on day 3. LF/HF was 2.72 ± 1.06 msec2 for day 1, 3.77 ± 2.39 msec2 for day
2, and 3.02 ± 1.24 msec2 for day 3 (Table 3).
HF and LF/HF at rest and during nursing did not show a significant difference
on any of the days. However, compared with nursing, HF and LF/HF at rest
were lower and higher, respectively. Furthermore, compared with the 3-hour
mean, HF and LF/HF at rest were also lower and higher, respectively.
We compared HF and LF/HF during rooming-in and rooming-out, which
began at 11 am. HF during rooming-out was 2.54 ± 0.28 msec2 on day 1, 2.35 ±
0.27 msec2 on day 2, and 2.51 ± 0.35 msec2 on day 3. During rooming-in, it was
2.27 ± 0.33 msec2 on day 1, 2.18 ± 0.35 msec2 on day 2, and 2.10 ± 0.50 msec2 on
day 3. LF/HF during rooming-out was 2.28 ± 0.92 msec2 on day 1, 2.84 ± 1.87
msec2 on day 2, and 2.58 ± 1.26 msec2 on day 3; during rooming-in, it was 3.12 ±
0.55 msec2 on day 1, 3.69 ± 1.61 msec2 on day 2, and 3.91 ± 1.57 msec2 on day 3.
HF and LF/HF during rooming-in and rooming-out did not show a significant
difference for any of postpartum days 1 to 3, but compared with rooming-out,
rooming-in HF was lower and rooming-in LF/HF was higher (Table 4).
Table 3. Comparison of autonomic nervous activity at rest and during nursing over 3
days.
HF (msec2)

LF/HF (msec2)

At Rest

During Nursing

At Rest

During Nursing

2.54 ± 0.43

2.26 ± 0.36

2.24 ± 1.12

2.72 ± 1.06

Postpartum Day 1
Mean ± SD

t-value

−1.015

0.549

p-value

0.368

0.612

Postpartum Day 2
Mean ± SD

2.61 ± 0.42

2.09 ± 0.38

2.18 ± 1.93

3.77 ± 2.39

t-value

−2.107

2.007

p-value

0.103

0.115

Postpartum Day 3
Mean ± SD
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2.70 ± 0.34

2.05 ± 0.54

2.20 ± 1.60

3.02 ± 1.24

t-value

−2.625

1.282

p-value

0.059

0.269
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Table 4. Comparison of autonomic nervous activity during rooming-out and rooming-in
over 3 days.
Parasympathetic nervous activity
indicator HF (msec2)
Rooming-out

Sympathetic nervous activity
indicator LF/HF (msec 2)

Rooming-in

Rooming-out

Rooming-in

2.27 ± 0.32

2.28 ± 0.92

3.12 ± 0.55

Postpartum Day 1
Mean ± SD

2.54 ± 0.28

t-value

1.241

−1.754

p-value

0.283

0.154

Postpartum Day 2
Mean ± SD

2.35 ± 0.27

2.18 ± 0.35

2.84 ± 1.87

3.69 ± 1.61

t-value

1.166

−1.373

p-value

0.308

0.242

Postpartum Day 3
Mean ± SD

2.51 ± 0.35

2.10 ± 0.50

2.58 ± 1.26

3.91 ± 1.57

t-value

1.683

−2.376

p-value

0.168

0.076

4. Discussion
After the text edit has been completed, the paper is ready for the template. Duplicate the template file by using the Save As command, and use the naming convention prescribed by your journal for the name of your paper. In this newly
created file, highlight all of the contents and import your prepared text file. You
are now ready to style your paper.

4.1. Autonomic Nervous Activity and Sense of Relaxation during
the Early Postpartum Period
The results of the present study do not show significant fluctuations in autonomic nervous activity or subjective sense of relaxation over the immediate
post-partum 3 days. Mizuno et al. [4] has suggested that women who present
with psychological stress during the perinatal period have elevated sympathetic
nervous activity along with diminished parasympathetic nervous activity in the
early postpartum period when compared with women who do not develop psychological stress. However, because none of the results of the present study
demonstrated a significant difference and the small sample size, the present
study has failed to show a modulation of autonomic nervous activity in the early
postpartum period in multiparas.
Hayashi [6] stated that HF is higher in the morning than afternoon and circadian variations in cardiac parasympathetic nervous activity are endogenous.
Nevertheless, it may be possible that the lower parasympathetic nervous activity
observed during nursing and rooming-in when compared with rest and rooming-out are due to tension/excitation brought on by the child’s presence. Further
investigation to study is this is truly a physiological response is needed.
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In previously reported research on autonomic nervous activity in women who
have recently given birth [1] [2] [4] [10], the measurement time was 5 to 15 minutes, and measurement at rest was based on an experimentally prepared environment. Therefore, the measurement of heart rate and its variability over 3
hours, as done in the present study, is a better representation of the reality of
autonomic nervous activity in these women. Despite the longer period of observation, it is difficult to determine if these findings were disorders of autonomic
nervous activity or were attenuated results due to measuring at certain time of
the day only. Thus, further studies investigating the autonomic nervous activity
over 24 hours are required for better quality of data.
Izumi et al. [11] suggested the possibility that assessing autonomic nervous
activity by heart rate variability could help detect women who have recently
given birth and are at risk of anxiety or depression. The results in the present
study demonstrate that careful analysis of changes in autonomic nervous activity
during the immediate post-partum period for each individual mother along with
subjective indicators, may lead to quicker identification of disruptions in the
autonomic nervous activity and early detection of maternity blues, and postpartum depression.

4.2. In-Hospital Care for Multiparas
Postpartum women reportedly experience relaxation, decreased anxiety, and
happier mood when oxytocin is secreted from the posterior pituitary in response
to nursing, and reportedly experience its long-term stress-reducing effects [12].
However, in the present study, autonomic nervous activity did not differ significantly between rest and nursing, and though not a major deviation from the
norm, the parasympathetic nervous activity was lower and the sympathetic
nervous activity was higher during nursing than at rest. Morimoto et al. [13] also
reported that though prior experience with childbirth alleviated the basic fears
associated with it, it did not provide total relief from childbirth and raising
children. Therefore though multiparas may not be in acute need of follow-up
care such as techniques of raising children, it is necessary to understand the
neonate’s individuality and characteristics and the differences from the older
child (ren), and acclimatization to the child requires some time and support. In a
study by Ono and Manabe [14] in primiparas, mothers with a strong stress response in the week after birth had continued to maintain their stress response 4
weeks later, and their sense of efficacy as a parent was also reduced; they reportedly had a strong sense of constraint due to childcare, and around 90% of mothers recognized nighttime or post-nursing crying by the child as a source of stress.
Thus, during the early postpartum period, some mothers potentially experience
stress while nursing, even though they may have prior experience with nursing.
Therefore, in the early postpartum period in the hospital, not only primiparas
but also multiparas require care that reduces stress or keeps it under control, so
that their stress remains within the physiological range. Doing so may require
mental and physical care, personal care and attention, and monitoring that in740
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duces relaxation during child-care.
The results of the present study are from a small sample size and a single facility; further clarification of autonomic nervous activity in multiparas will require
further studies with a greater number of subjects. If child-care, including nursing, and time spent in rooming-in together with the child are regarded stressful
by the mothers in the early postpartum period, then mothers going through
complete rooming-in and nursing at night, as well, can be expected to be more
prone to disruptions in their autonomic nervous activity. Enhanced care for
mothers caring for their children may require detailed assessments of their daily
autonomic nervous activity in the hospital and data that is better reflective of reality.

5. Conclusions
The present study clarifies the following matters.
1) Changes in autonomic nervous activity and a sense of relaxation on postpartum days 1 to 3 are not significantly different.
2) Although significant differences were not observed in autonomic nervous
activity between rest and nursing, or rooming-out and rooming-in, HF and LF/
HF values were lower and higher, respectively, during nursing and rest. HR and
LF/HF values were also lower and higher, respectively, during rooming-in than
rooming-out.
In the early postpartum period immediately after childbirth, even multiparas
with prior experience with nursing and child-care were found to be in a state of
stress. Results suggest that even multiparas require ample care, monitoring, and
personal attention until they understand the child’s characteristics and a bond
between the mother and child can be established.
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