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Abstract

Background: Physical activity (PA) is recommended for women after childbirth. However, it is unknown whether
PA, such as housework and child-rearing, is associated with mental health. This study aimed to measure daily PA in
women 2 months postpartum as well as investigate the relationship between daily PA and mental health.

Methods: In this cross-sectional quantitative exploratory study conducted between September 2017 and May 2018,
110 women were approached for participation. Mental health was evaluated using the General Health Question-
naire-28, and PA measurements were performed using accelerometers that the participants wore for 2 days. Welch'’s
t-test and linear regression analysis were performed to assess the relationship between PA and mental health.

Results: This study included 99 participants. The mean amount of daily activities from housework and child-rearing
was 3.21+ 1.14 metabolic equivalent of tasks (METs)-h/day and that of time spent sitting was at least 7.5 h/12.5 h. PA
time spent in light child-rearing and housework activities was significantly longer among multiparous women than
among primiparous women (t= — 3.41). PA time comprising the duration of moderate (3 METs) or more vigorous PA
was 73 min/day. No significant relationship between mental health and PA was observed. However, the amount of
daily activities tended to increase with an improvement in mental health. The amount of daily activities exceeded 3
METs-h/day regardless of the mental health status.

Conclusions: No significant relationship was found between the amount of daily activities and mental health. The
former increased as the latter improved. The amount of daily activities met the standard recommended by the World
Health Organization, regardless of the mental health status.

Keywords: Physical activity, Accelerometer, MET, GHQ-28, Mental health, 2 months postpartum, Housework, Child-
rearing, WHO standard, Tokyo

Background

The importance of physical activity (PA) in women after
childbirth is widely known, which is why it is recom-
mended. The World Health Organization (WHO) recom-
mends moderate PA for 150 min/week for activities of
daily living and housework [1]. This recommendation is
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viewed as an important part of health promotion in many
countries worldwide [2-5]. The effects of postpartum
PA include the maintenance and improvement of mental
health in addition to physical recovery [6, 7]. However,
many obstacles that prevent women from engaging in
PA have been reported [8]. These obstacles include the
lack of time [9-13], issues with child care [9], fatigue,
and poor physical condition [9, 12], social isolation [11],
being overwhelmed by motherhood responsibilities [11],
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lack of motivation [11, 12], lack of appropriate exercise
facilities, and lack of professional advice on exercise [11].

To the best of my knowledge, the degree of PA from
daily housework and child-rearing remains unknown.
In addition, the relationship between unstable mental
health and PA in women needs to be elucidated. Stud-
ies on postpartum PA can be of two types: self-reported
studies and studies using objective measurements. Many
studies are of the former type and a few are of the latter.
Both the studies have reported PA time for each inten-
sity and sedentary time [7, 10, 14—17]; some studies have
explored the number of steps measured using acceler-
ometers [14, 15, 18]. Both types of the abovementioned
studies found that the participants spent a significant
period doing light PA, indicating that they led a seden-
tary lifestyle. In terms of the association between PA
and mental health, vigorous PA tends to improve mental
health in pregnant and parturient women. In articular,
continuous PA from pregnancy to postpartum attenuates
the symptoms of postpartum depression and improves
postpartum well-being and quality of life [19-27]. In
contrast, another previous study showed that PA is not
associated with chronic life stress [28]. These studies
explored the relationship between PA and mental health.
However, to the best of my knowledge, objectively meas-
ured PA (in terms of housework and child-rearing) sta-
tus remains unknown and no studies have investigated
the relationship between unstable mental health during
the postpartum period and PA. Much of these women’s
time is spent doing daily activities of living at home;
thus, elucidating the amount of PA in terms of house-
work and child-rearing may be significant from the per-
spective of postpartum quality of life.

Therefore, the present study aimed to investigate PA
(in terms of housework and child-rearing) performed by
women at 2 months postpartum as well as the relation-
ship between PA and mental health. The study outcomes
may help provide information to women regarding spe-
cific and efficient PA during the postpartum period,
which will facilitate recovery to their prepregnancy phys-
ical status and health improvement.

Methods

Study design

This was a cross-sectional quantitative exploratory study
aimed at examining the relationship between PA and
mental health.

Participants

The participants were women at 2 months postpartum
who were raising their children. These women were tar-
geted because their reproductive organs, which had
changed during pregnancy and childbirth, have returned

Page 2 of 12

to their prepregnancy state and they have resumed their
activities of daily living (e.g., housework and child-rear-
ing) in this period. The inclusion criteria were healthy
women who had lived in A District of Tokyo since their
pregnancy, had healthy infants, and could wear an accel-
erometer for 2 days. The exclusion criteria were women
with any mental disease, those who were instructed to
restrict PA by a physician, those who worked, those who
did not do housework, or those who did aerobic exercise
or strength training.

For convenience, the participants were selected from
women who gave birth at a certain obstetrics clinic (one
center) in A District of Tokyo.

As this was an exploratory study, it was difficult to
determine the sample size [29]. Thus, Green’s formula
(N>1044+m) was used to determine the sample size
for regression analysis [30]. Therefore, 110 women were
included. The number of individuals requested to par-
ticipate was restricted to 110 because of the decreasing
numbers of births at the participating center and restric-
tions during the study period as well as the number of
measurement devices available for the study.

Data collection method

Study period

The survey was conducted from September 2017 to April
2018.

Participation method

The participants were women at 2 months postpartum
who were randomly selected during the study period. The
participants were given an explanation about the objec-
tives of the study, details of their participation, and meth-
ods to be used in the study. Written consent was obtained
from those who agreed to participate. The participants
were surveyed via mail. They were sent a questionnaire
assessing participant characteristics, the General Health
Questionnaire (GHQ)-28, an accelerometer, return enve-
lopes, withdrawal forms, and documents describing the
details of their participation and study methods. These
materials were returned via mail after survey completion.

Survey details

Questionnaire

GHQ-28 (Japanese-language version) was used to assess
the mental health status of the participants. It is an
abbreviated version of the GHQ that has been translated
into Japanese. This scale was developed by Goldberg and
Hillier [31] and was translated into Japanese by Naka-
gawa and Daibo [32]. It has been approved by the WHO
as the best scale to assess anxiety disorders, and the
validity and reliability of the Japanese version have been
thoroughly verified [33-36]. The GHQ-28 comprises
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four subscales: somatic symptoms, anxiety and insomnia,
social dysfunction, and depression. This questionnaire
was scored on either a 2-point scale (not at all and no
more than usual=0 points and rather more than usual
and much more than usual=1 point, with a total score
of > 6 indicating that the respondent has mental health
problems) or a Likert scale (not at all=0 points, no more
than usual=1 point, rather more than usual=2 points,
and much more than usual =3 points).

Measurement methods and data collection
PA measurements were performed using three-dimen-
sional accelerometers. The participants were requested to
wear the devices for 24 h during a period of 2 days, except
when bathing and sleeping. The devices were strapped
onto the participants’ waists using a belt.

The optimal period of PA measurements remains con-
troversial. Some studies recommended approximately
1 week [14, 17], whereas others indicated that the results
of a measurement period of 2—3 days were highly corre-
lated with those of a measurement period of >4 days [37—
39]. In the pretest, continuous and appropriate wearing
of the device was difficult for the participants, and at the
same time, there was a high burden on the participants as
it interfered with their child-rearing activities. Consider-
ing this, we used a PA measurement period of 2 days. The
participants were instructed to appropriately wear the
device for 2 days only on usual weekdays.

We used Active Style Pro HJA-750C accelerometers
(Active Style Pro HJA-750C: OMRON, OMRON Health-
care, Kyoto, Japan). The device detects PA from activi-
ties, such as walking, housework, and child-rearing every
10 s using three-dimensional speed acceleration sensors
(accelerometer measurements in three directions on the
X-,Y, and Z-axes) and automatically calculates the inten-
sity of PA (metabolic equivalent of task [MET]) as well
as the amount of PA (MET-h). The device stores the data
for 45 days. Further, 1 MET is equivalent to the oxygen
intake of 3.5 mL/kg of body weight/min in a resting (sit-
ting) position. The amount of PA (MET-h) measured by
the accelerometer used in this study is calculated in cases
in which the intensity is >3 METs, which is equivalent to
moderate-intensity PA.

The amount of PA (MET-h) data used in this study
were as follows: the amount of walking activity (walking),
daily activities (housework and child-rearing), and walk-
ing activity + daily activities (sum of the prior two cate-
gories). The number of steps (steps) and activity duration
in METs based on the categories were also recorded.

Statistical analysis
Basic statistics for participant characteristics and GHQ-
28 were analyzed. Categorical variables were represented
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as percentages, whereas continuous variables were
represented as means =+ standard deviation (SD). The
relationship between the number of childbirths (pri-
miparous vs. multiparous) and PA duration based on
intensity after categorization as well as the relationship
between the GHQ-28 and amount of PA were analyzed
using Welch’s ¢-test.

Welch’s t-test was performed after testing for homo-
geneity of variance and normality using Levene’s test
and Shapiro—Wilk test, respectively. Linear regression
analysis was also performed to elucidate the relationship
between the GHQ-28 and the amount of daily activities
in terms of housework and child-rearing. The depend-
ent variable was the amount of daily activities, whereas
the explanatory variables were the scores on the four
subscales of the GHQ-28 (i.e., physical condition, anxi-
ety and insomnia, obstacles to social activity, and depres-
sion) and the GHQ total score. Simple linear regression
analysis was performed and the regression coefficient,
along with its 95% confidence interval (CI) and p value,
was calculated. Variables that were considered to affect
both the amount of daily activities and GHQ-28 and vari-
ables that were considered to affect either the amount of
daily activities or GHQ-28 were recognized as explana-
tory variables during multiple regression analysis using
the forced entry method [40]. The adjusted variables
that were entered were the time of activities of > 3 METSs,
amount of walking activity, age, number of family mem-
bers, nuclear vs. joint family (dummy variable), and total
home area. The regression coefficient, along with its 95%
CI and p value, was calculated. All statistical analyses
were performed using IBM SPSS Statistics 25 (IBM Ltd.,
Japan). The statistical significance was set at 5%.

Ethical considerations

This study was approved by the Ethical Review Commit-
tee of Teikyo University of Science (approval number:
16029). All study procedures were in accordance with the
Declaration of Helsinki. Written informed consent was
obtained from all participants before participation in the
study. The participants were informed that their partici-
pation would be of their own free will and that they could
withdraw from the study at any time without suffering
any disadvantage. They were also explained that the data
obtained in this study would not be used for any purpose
other than this study and that the study results would be
made public only after anonymization to protect their
privacy.

Results

Participant characteristics

In this study, 110 women were approached for par-
ticipation, among whom 100 participated in the study.
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Consequently, 99 women, excluding 1 who was unable
to wear the accelerometer for the required 8 h, were
assessed (effective response rate, 90.0%). The mean
amount of time for which the accelerometers were worn
was 12.55 h. Compared with primiparous women, mul-
tiparous women were found to be engaged in greater
amounts of PA as measured based on the amount of
daily activities, amount of walking + daily activities, the
number of steps, and energy expenditure, after exclud-
ing the amount of walking (an index of the amount of
PA). Large differences were noted between the mini-
mum and maximum values for each of the abovemen-
tioned parameters.

Compared with primiparous women, multiparous
women scored higher on all four of the GHQ-28 sub-
scales, yielding a higher mean total score, indicating the
poor health status of the latter group. There were 20
multiparous women among the 30 participants whose
mean total score was > 6 (30.3%; Table 1).

Amount of time engaged in PA based on the degree of
intensity

Light PA (lying down or sitting, including breast-
feeding) corresponded to 1.0-1.9 METs. Overall, the
participants engaged in this level of PA intensity for
457.644+93.31 min (at least 7.5 h). The time spent
doing activities of 2.0-3.9 METs, which include PAs
(e.g., child-rearing and housework), was 239.65 min
(4 h 39 min). Furthermore, 2.0-2.9 METs correspond
to the PA intensity of light child-rearing and housework
while standing. Overall, the participants engaged in this
level of PA intensity for 187.67 £ 44.09 min (3 h 7 min).
The activity duration was significantly longer in multip-
arous women than in primiparous women (t= — 3.41).
The participants engaged in moderate-intensity activity
(at least 3 METs), which is recommended to maintain
health, for 71 min/day (Table 2).

Relationship between GHQ-28 and the amount of PA

The amount of PA was compared between two groups:
low- and high-score groups (GHQ-28). The compari-
son of the low-score group, which comprised women
in good health, with the high-score group, which
comprised women with some type of health problem,
showed that the former engaged in more PA. How-
ever, the difference was not significant. In addition,
the amount of daily activities exceeded 3 METs-h/day
regardless of the mental health status and total amount
of daily activities—amount of walking+amount of
daily activities was >4 METs-h/day (Table 3).
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Linear regression analysis of GHQ-28 and the amount

of daily activities

Simple and multiple regression analyses were performed
to identify whether the GHQ-28 total and subscale scores
were related to the amount of daily activities, a subtype of
the amount of PA. Although neither of these was signifi-
cantly related to the independent variables or the amount
of daily activities, the point estimate was negative, and
the amount of daily activities tended to increase when
the health status was good, as indicated by the low scores
on the GHQ-28 subscales (Table 4).

Discussion

This study evaluated PA comprising housework and
child-rearing in women at 2 months postpartum to
examine the relationship between PA and mental health.
A total of 30% of the participants had mental health
problems, and multiparous women had poor health.
Regarding PA, many women were engaged in low-inten-
sity activities (<3 METs), but they spent substantial time
on housework and child-rearing. As a result, the amount
of their daily activities was at least 3 METs-h/day.

The duration of moderate or vigorous PA recom-
mended for maintaining health is 73 min/day. In both
cases, both the WHO and the Japanese standards
were met. Sedentary behavior accounted for at least
7.5 h/12.5 h. The relationship between mental health and
PA indicated that the amount of daily activities tended
to increase when the health status was good, albeit not
significantly. In addition, the amount of daily activities
exceeded the recommended WHO and Japanese stand-
ards regardless of the mental health status.

Participant characteristics

The daily mean number of steps walked by adults world-
wide has been reported to be 5,000-8,000/day [41-44].
Among Japanese women (age range, 20—40 years), who
walk a relatively greater number of steps than women in
other countries, this value has been reported to be 6,755
steps, indicating that the number of steps walked by the
participants in this study, who required time to nurse and
rest, was slightly lower than the mean [44, 45].

Walking activity was calculated based on the num-
ber of steps walked by the participants using a conver-
sion table [46]. Accordingly, the walking activity was
estimated to be approximately 3 METs-h/day. However,
the walking activity estimated using the accelerometer
was lower (1.35 METs-h/day). Such differences may be
explained by the fact that the accelerometer used in this
study recorded PA with an intensity of >3 METs when a
person walked at a constant speed.
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Table 2 Time spent engaged in activity by PA intensity (MET)

Childbirth category Overall (min/day) Primiparous (min/day) Multiparous (min/day) tvalue p

PA intensity n=99 n=46 n=53

1.0-1.9 METs 4576449331 47543410044 4422048458 1.77 0.081
2.0-2.9 METs 187.67 +£44.09 1721244492 2011743896 —341 0.001*
3.0-3.9 METs 5198+17.18 48.59419.05 5492+ 14.94 —1.82 0.072
4.0-4.9 METs 14.79+8.46 13.83+943 15624752 —1.03 0.31
5.0-5.9 METs 3.21£3.05 2751229 3.61+£3.56 — 145 0.15
6.0-6.9 METs 0.83+8389 0694063 0.95+1.06 —15 0.14
7.0-7.9 METs 0.1440.25 0144024 0.1540.26 —0.2 0.84
>80 METs 0.184+0.51 0.194+0.69 0.184+0.29 0.08 0.94

Welch’s t-test, *p <0.05
1.0-1.9 METs indicates lying down or sitting (including breastfeeding)

2.0-2.9 METs indicates engaging in light child-rearing and housework while standing

> 3.0 METs indicates moderate PA
> 6.0 METs indicates vigorous PA

These results suggested that women engage in irregu-
lar and light walking associated with child-rearing and
housework during the postpartum period.

The GHQ total score was similar to that of women at
4 months postpartum [47]. The cases of health prob-
lems accounted for 30% of the total, corroborating the
results reported by previous studies focusing on women
at 2 months postpartum [48-51]. The mean body mass
index of Japanese women at 2—4 months postpartum
is 20.1 kg/m? [52], which indicates that most Japanese
women do not require a particular form of PA to lose
weight after childbirth.

PA

The mean sedentary time (lying down or sitting) during
which the device was worn was at least 7.5 h/12.5 h. Previ-
ous studies using accelerometers reported that women at
3 months postpartum spent 8.6 h/13 h [53] and 9.3 h/19 h
sitting [14]; these results were consistent with those of
the present study. The time these women spent doing
sedentary activities included the time spent nursing. In

Table 3 GHQ-28 and the amount of PA

their study on nursing women at 2 months postpartum,
Maehara et al. reported that the mean nursing frequency
was 8.9 times/day and the mean nursing time was 36 min/
time, indicating that at least 5 h/day was spent (sedentary)
nursing, including night-time nursing [54]. The risk of
venous thromboembolism is high due to increased coagu-
lation capacity and changes in the vascular endothelium at
12 weeks after childbirth [55-57]. Hence, women in their
postpartum period, particularly those who underwent
cesarean section and those with obesity, should be wary of
venous thromboembolism. The WHO recommends that
women in their postpartum period increase the amount
of PA that they engage in to any level of intensity as doing
some PA is better than doing none [1].

In addition to hydration, it is important for women
who are at risk of developing venous thromboembolism
to avoid holding the same posture for a long duration
during lactating.

The WHO recommends that women engage in at
least 150 min/week of moderate (3—-6 METSs) aerobic
exercise and perform activities that strengthen muscles

High score (n=30)

GHQ-28 Low score (n=69)
Amount of PA (METs-h/day) Mean £ SD

No. of steps (steps) 6,022.47 +3,524.61
Amount of walking 145+£1.16
Amount of daily activities (houseworkand ~ 3.17£1.07
child-rearing)

Amount of walking +amount of daily 460+1.62

activities

Mean 4 SD tvalue p

5,008.85+2,380.29 161 0.11
1.12+£070 1.73 0.09
3.084+0.96 042 0.68
420+1.38 1.26 0.21

GHQ-28: GHQ scoring method (low score = healthy [< 5 points] and high score =health problems [> 6 points])

Amount of walking, daily activities, and walking + daily activities derived by multiplying PA of > 3 METs with activity duration

Welch's t-test
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while simultaneously engaging in low-intensity activi-
ties of daily living. Housework is also recommended as
an important form of PA [1]. The results of the present
study showed that the amount of time corresponding to
at least 3 METs of PA exceeded 70 min/day, which can be
expected to exceed 490 min/week; therefore, it exceeded
the standard recommended by the WHO.

In addition, the Japanese standard for PA is stricter
than the WHO standard for PA and the Japanese guide-
line states that at least 3 METs of PA is equivalent to 23
METs-h/week or 60 min of brisk walking every day [47].

In the present study, the amount of daily activities
(housework and child-rearing) was equal to approxi-
mately 3 METs-h/day, which nearly met the Japanese
standard. Although the participants spent a significant
amount of time remaining sedentary, the results showed
that the amount of their PA was adequate.

A study using accelerometers reported that women at
6 months postpartum spent>80 min/day doing moder-
ate to vigorous PA [7], which is in line with the results
of the present study, although the study periods in the
two studies differed. Evenson et al. studied women at
3 months postpartum and reported different results as
they used two cutoff points. The cutoff points for PA
established by Troiano et al. were 17 and 1 min/day for
moderate and vigorous PA, respectively, whereas those
established by Swartz et al. were 276 and 2 min/day for
moderate and vigorous PA, respectively [14]. The out-
comes obtained using accelerometers are difficult to
compare as the cutoff points, measurement scales, and
data used may differ.

Ensuring that the reproductive organs, which changed
during childbirth, return to their normal functions
through PA in the form of housework and child-rearing
alone is difficult, although the women in the present study
engaged in adequate PA. The behaviors that these women
frequently engage in (e.g., motion of leaning forward and
picking up an infant by one’s arms) and postures in which
they lift and hold heavy objects may increase abdominal
pressure [58, 59] and prevent the recovery of the pelvic
floor muscles. The training of the pelvic floor and rectus
abdominus muscles is important and effective in prevent-
ing stress urinary incontinence and recovering sexual
function [60-62]. Thus, advising women in their postpar-
tum period to include muscle-strengthening activities in
their daily activities is necessary [1].

Relationship between mental health and the amount of PA
The relationship between mental health and the
amount of PA was not significant in this study; how-
ever, the amount of PA tended to increase when the
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mental health was good. Similar results were reported
by McLearn et al, who showed that mothers with
depression engaged in fewer activities of daily living
(e.g., showing their children picture books and playing
with their children) [63]. Mothers with favorable men-
tal health tended to actively participate in child-rearing
and housework. Particular attention should be paid to
the amount of daily activities exceeding the levels rec-
ommended by the Japanese guidelines and WHO even
in mothers who had mental health problems. Moreover,
70% of the participants in the group with health prob-
lems were multiparous women and can be assumed to
engage in housework and child-rearing despite being
busy and in poor physical condition. Furthermore, at
least 85% of the PA performed per week by women at
3 months postpartum comprised housework and car-
egiving [64]; thus, women in their postpartum period
perform a substantial amount of PA even when seden-
tary time is included.

Study strengths, limitations, and future prospects

The results of this study are particularly important as they
show that PA performed by women in their postpartum
period, as measured using accelerometers, satisfies the
standards set by the WHO for the amount of daily activi-
ties comprising housework and child-rearing. Therefore,
these results may be highly useful in postpartum health
education in the future. Specifically, the author believes
that postpartum women can meet their required PA by
incorporating pelvic floor and rectus abdominus muscle
training to their normal daily activities. However, this is
only limited to women who are not in need of postpar-
tum weight reduction. Further, the amount of daily activ-
ities tended to increase in women with favorable mental
health after child birth. Such findings will assist in con-
ducting future confirmatory studies.

However, this study has several limitations due to the
small sample size. First, the results of this study were
not representative of the population. Second, a statis-
tically significant association between the amount of
daily activities and mental health could not be demon-
strated because it was difficult to find information on
sample size determination from previous studies.

To determine an appropriate sample size, power anal-
ysis should be performed in future confirmatory studies
based on the results of this study as scientific evidence.
This exploratory study revealed that many postpar-
tum PAs were low-intensity. Accumulating evidence
has shown that low-intensity PA contributes to human
health. A confirmatory study that uses postpartum
daily activities as the primary endpoint is warranted.
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Conclusions

The amount of daily activities (measured using accel-
erometers) tended to increase when mental health was
good, although no significant relationship between the
two was observed. Sedentary time was longer in post-
partum women; however, the amount of their daily
activities exceeded the standard recommended by the
WHO, regardless of the mental health status. Mental
health support is required for women who gave birth
recently. Furthermore, educational support is needed
so that they can incorporate strength training into their
daily activities.

Abbreviations

Cl: Confidence Interval; GHQ-28: General Health Questionnaire-28; MET: Meta-
bolic Equivalent of Task; PA: Physical Activity; SD: Standard Deviation; WHO:
World Health Organization.

Author information

The author has studied RN, NM, engineering, and PhD and is an Associate Pro-
fessor of Midwifery at the School of Nursing and Midwifery, Faculty of Nursing
of Toho University, Japan.

Acknowledgements

The author is deeply grateful to Dr. Yumi Maemura for his cooperation during
the study and to the mothers who are raising children. The authors thank
Crimson Interactive Pvt. Ltd. (Ulatus; www.ulatus.jp) for their assistance in
manuscript translation and editing.

Authors’ contributions

The author (YT) confirms sole responsibility for the following: study con-
ception and design, data collection, analysis and interpretation of results,
and manuscript preparation. The author(s) read and approved the final
manuscript.

Funding
This work was supported by JSPS KAKENHI (grant numbers JP26504012 and
JP18K04496).

Availability of data and materials

The datasets generated and/or analyzed during the current study are not
publicly available due to contracts with research participants but are available
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

All study procedures were performed in accordance with the Declaration
of Helsinki. This study was conducted during the author’s tenure at Teikyo
University of Science and was approved by the Ethical Review Committee
of Teikyo University of Science (approval number: 16029). Written informed
consent was obtained from the participants before participation in the
study.

Consent for publication
Not applicable. No personally identifiable data are disclosed in any form in this
article. The privacy rights of the subjects have been observed.

Competing interests
The author declares no competing interests.

Received: 26 November 2021 Accepted: 9 May 2022
Published online: 23 May 2022

Page 10 of 12

References

1. World Health Organization. WHO guidelines on physical activity and
sedentary behaviour. 2020. https://www.who.int/publications/i/item/
9789240015128. Accessed 1 September 2021.

2. Hayman M, Brown W. Sports Medicine Australia (SMA) ‘Exercise in preg-
nancy and the postpartum period’ Position Statement. Sports Med Aus.
2016. https://www.researchgate.net/publication/308106170. Accessed 2
Aug 2021.

3. Artal R, O'Toole M. Guidelines of the American College of Obstetri-
cians and Gynecologists for exercise during pregnancy and the
postpartum period. Br J Sports Med. 2003;37:6-12. https://doi.org/10.
1136/bjsm.37.1.6.

4. Davies GAL, Wolfe LA, Mottola MF, MacKinnon C. No. 129-exercise
in pregnancy and the postpartum period. J Obstet Gynaecol Can.
2018;40:€58-65. https://doi.org/10.1016/jjogc.2017.11.001.

5. The Norwegian Directorate of Health. Physical activity of children,
adolescents, adults, elderly, and pregnant women. National professional
councils First published: 29. Last Academically Updated. 2019. https://
www.helsedirektoratet.no/faglige-rad/fysisk-aktivitet-for-barn-unge-vok-
sne-eldre-og-gravide. Accessed 19 June 2021.

6. Piercy KL, Troiano RP, Ballard RM, Carlson SA, Fulton JE, Galuska DA, et al.
The physical activity guidelines for Americans. JAMA. 2018;320:2020-8.
https://doi.org/10.1001/jama.2018.14854.

7. WuJ, Einerson B, Shaw JM, Nygaard IE, Sheng X, Wolpern A, et al. Associa-
tion between sleep quality and physical activity in postpartum women.
Sleep Health. 2019;5:598-605. https://doi.org/10.1016/j.sleh.2019.07.008.

8. Liva SJ, Hall WA, QOliffe J. Reconciling relationships with physical activity:

a qualitative study of women'’s postnatal physical activity decision-
making. BMC Preg Childbirth. 2021;21:81. https://doi.org/10.1186/
$12884-020-03537-z.

9. Evenson KR, Aytur SA, Borodulin K. Physical activity beliefs, barriers,
and enablers among postpartum women. J Womens Health (Larchmt).
2009;18:1925-34. https://doi.org/10.1089/jwh.2008.1309.

10. Pereira MA, Rifas-Shiman SL, Kleinman KP, Rich-Edwards JW, Peterson KE,
Gillman MW. Predictors of change in physical activity during and after
pregnancy: project Viva. Am J Prev Med. 2007;32:312-9. https://doi.org/
10.1016/j.amepre.2006.12.017.

11. Saligheh M, McNamara B, Rooney R. Perceived barriers and enablers of
physical activity in postpartum women: a qualitative approach. BMC Preg
Childbirth. 2016;16:131. https://doi.org/10.1186/512884-016-0908-x.

12. Symons Downs DS, Hausenblas HA. Women's exercise beliefs and
behaviors during their pregnancy and postpartum. J Midwifery Womens
Health. 2004;49:138-44. https://doi.org/10.1016/jjmwh.2003.11.009.

13. Symons Downs DS, Ulbrecht JS. Understanding exercise beliefs and
behaviors in women with gestational diabetes mellitus. Diabetes Care.
2006;29:236-40. https://doi.org/10.2337/diacare.29.02.06.dc05-1262.

14. Evenson KR, Herring AH, Wen F. Self-reported and objectively measured
physical activity among a cohort of postpartum women: the PIN post-
partum study. J Phys Act Health. 2012,;9:5-20. https://doi.org/10.1123/
jpah.9.1.5.

15. Maki N, Risa N, Masayo K, Miyoko I. Physical activities of mothers in six-
month postpartum: primiparae and multiparae compared. Pediatr Health
Res. 2007;66:695-700.

16. Borodulin K, Evenson KR, Herring AH. Physical activity patterns during
pregnancy through postpartum. BMC Womens Health. 2009;9:32. https://
doi.org/10.1186/1472-6874-9-32.

17. Albright CL, Steffen AD, Novotny R, Nigg CR, Wilkens LR, Saiki K, et al.
Baseline results from Hawaii's Na Mikimiki Project: a physical activity
intervention tailored to multiethnic postpartum women. Women Health.
2012;52:265-91. https://doi.org/10.1080/03630242.2012.662935.

18. Takai S, Ryosuke K, Masato T, Tetsuo Y. Analysis of life log and tasks of
female parent during baby care. JIMA. 2017,68:47-55.

19. De Wit L, Jelsma JG, van Poppel MN, Bogaerts A, Simmons D, Desoye
G, et al. Physical activity, depressed mood and pregnancy worries in
European obese pregnant women: results from the DALI study. BMC Preg
Childbirth. 2015;15:158. https://doi.org/10.1186/512884-015-0595-z.

20. Sampselle CM, Seng J, Yeo S, Killion C, Oakley D. Physical activity and
postpartum well-being. J Obstet Gynecol Neonatal Nurs. 1999;28:41-9.

21. van der Waerden J, Nakamura A, Pryor L, Charles MA, El-Khoury F,
Dargent-Molina P, et al. Domain-specific physical activity and sedentary
behavior during pregnancy and postpartum depression risk in the French


http://www.ulatus.jp
https://www.who.int/publications/i/item/9789240015128
https://www.who.int/publications/i/item/9789240015128
https://www.researchgate.net/publication/308106170
https://doi.org/10.1136/bjsm.37.1.6
https://doi.org/10.1136/bjsm.37.1.6
https://doi.org/10.1016/j.jogc.2017.11.001
https://www.helsedirektoratet.no/faglige-rad/fysisk-aktivitet-for-barn-unge-voksne-eldre-og-gravide
https://www.helsedirektoratet.no/faglige-rad/fysisk-aktivitet-for-barn-unge-voksne-eldre-og-gravide
https://www.helsedirektoratet.no/faglige-rad/fysisk-aktivitet-for-barn-unge-voksne-eldre-og-gravide
https://doi.org/10.1001/jama.2018.14854
https://doi.org/10.1016/j.sleh.2019.07.008
https://doi.org/10.1186/s12884-020-03537-z
https://doi.org/10.1186/s12884-020-03537-z
https://doi.org/10.1089/jwh.2008.1309
https://doi.org/10.1016/j.amepre.2006.12.017
https://doi.org/10.1016/j.amepre.2006.12.017
https://doi.org/10.1186/s12884-016-0908-x
https://doi.org/10.1016/j.jmwh.2003.11.009
https://doi.org/10.2337/diacare.29.02.06.dc05-1262
https://doi.org/10.1123/jpah.9.1.5
https://doi.org/10.1123/jpah.9.1.5
https://doi.org/10.1186/1472-6874-9-32
https://doi.org/10.1186/1472-6874-9-32
https://doi.org/10.1080/03630242.2012.662935
https://doi.org/10.1186/s12884-015-0595-z

Tomioka BMC Pregnancy and Childbirth

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

(2022) 22:430

EDEN and ELFE cohorts. Prev Med. 2019;121:33-9. https://doi.org/10.
1016/jypmed.2019.02.012.

Campolong K, Jenkins S, Clark MM, Borowski K, Nelson N, Moore KM,

et al. The association of exercise during pregnancy with trimester-specific
and postpartum quality of life and depressive symptoms in a cohort of
healthy pregnant women. Arch Womens Ment Health. 2018;21:215-24.
https://doi.org/10.1007/500737-017-0783-0.

Daley AJ, Blamey RV, Jolly K, Roalfe AK, Turner KM, Coleman S, et al. A
pragmatic randomized controlled trial to evaluate the effectiveness of a
facilitated exercise intervention as a treatment for postnatal depression:
the PAM-PeRS trial. Psychol Med. 2015;45:2413-25.

Daley A, Winter H, Grimmett C, McGuinness M, McManus R, MacArthur C.
Feasibility of an exercise intervention for women with postnatal depres-
sion: a pilot randomised controlled trial. Br J Gen Pract. 2008;58:178-83.
Claesson IM, Klein S, Sydsjo G, Josefsson A. Physical activity and psycho-
logical well-being in obese pregnant and postpartum women attending
a weight-gain restriction programme. Midwifery. 2014;30:11-6. https://
doi.org/10.1016/j.midw.2012.11.006.

Teychenne M, van der Pligt P, Abbott G, Brennan L, Olander EK. Feasibility
and acceptability of a home-based physical activity program for postna-
tal women with depressive symptoms: A pilot study. Ment Health Phys
Act. 2018;14:82-9. https://doi.org/10.1016/j.mhpa.2018.02.007.

Blum JW, Beaudoin CM, Caton-Lemos L. Physical activity patterns and
maternal well-being in postpartum women. Matern Child Health J.
2004;8:163-9. https://doi.org/10.1023/b:maci.0000037649.24025.2c.
Guardino CM, Hobel CJ, Shalowitz MU, Ramey SL, DunkelSchet-

ter CD, Community Child Health Network (CCHN). Psychosocial and
demographic predictors of postpartum physical activity. J Behav Med.
201841:668-79. https://doi.org/10.1007/510865-018-9931-x.

Takagi H, Hayashi K. How to read and proceed with nursing research for
evidence. Tokyo: Nakayama Shoten; 2006.

Green SB. How many subjects does it take to do a regression analysis.
Multivariate Behav Res. 1991;26:499-510. https://doi.org/10.1207/51532
7906mbr2603_7.

Goldberg DP, Hillier VF. A scaled version of the general health question-
naire. Psychol Med. 1979;9:139-45. https://doi.org/10.1017/5003329170
0021644.

Nakagawa Y, Daibo I. Japan version GHQ manual of the general health
questionnaire [Handbook]. Supplemented edition. 1st ed. Tokyo: Nihon
Bunka Kagakusha Co,, Ltd; 1985. p. 54-66.

Kenichi N. Factor structure of the Japanese general health questionnaire-
using the 28 item edition. Jpn J Gerontol. 1994;16:19-28.

Iwata N, Saito K. Relationships of the Todai health index to the general
health questionnaire and the Center for Epidemiologic Studies Depres-
sion Scale. Nihon Eiseigaku Zasshi. 1987;42:865-73.

Satoko E. Techno-stress and the mental health of computer technicians.
Japanese Assoc Stress Sci. 1993,8(1):66-73.

Akira B, Sigemi MY Jr, Toshihide T, Yoshiki K, Takanori O, Hideyasu A. The
relationship between subjective stress and factors of GHQ scores at a
workplace. Jpn J Ind Health. 1994;1994:36.

Kocherginsky M, Huisingh-Scheetz M, Dale W, Lauderdale DS, Waite L.
Measuring physical activity with hip accelerometry among US older
adults: how many days are enough? PLoS ONE. 2017;12:e0170082.

da Silva DF, Mohammad S, Nagpal TS, Souza SCS, Colley RC, Adamo KB.
How many valid days are necessary to assess physical activity data from
accelerometry during pregnancy? J Phys Act Health. 2021;18:337-44.
Skender S, Schrotz-King P, Béhm J, Abbenhardt C, Gigic B, Chang-Claude
J, et al. Repeat physical activity measurement by accelerometry among
colorectal cancer patients—feasibility and minimal number of days of
monitoring. BMC Res Notes. 2015;8(1):1-8.

VanderWeele TJ. Principles of confounder selection. Eur J Epidemiol.
2019;34:211-9. https://doi.org/10.1007/510654-019-00494-6.

Consoli A, Nettel-Aguirre A, Spence JC, McHugh TL, Mummery K, McCor-
mack GR. Associations between objectively-measured and self-reported
neighbourhood walkability on adherence and steps during an internet-
delivered pedometer intervention. PLoS ONE. 2020;15: €0242999. https://
doi.org/10.1371/journal.pone.0242999.

Masi E, Peterman JE, Kaminsky LA. The health benefits of a pedometer-
based 100,000 steps/Week Physical Activity Program. J Sci Sport Exer.
2019;1:176-83. https://doi.org/10.1007/542978-019-0021-8.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Page 11 of 12

Schuna JM Jr, Tudor-Locke C. Step by step: accumulated knowledge and
future directions of step-defined ambulatory activity. Res Exerc Epide-
miol. 2012;14:107-16.

Althoff T, Sosi¢ R, Hicks JL, King AC, Delp SL, Leskovec J. Large-scale
physical activity data reveal worldwide activity inequality. Nature.
2017;547:336-9. https://doi.org/10.1038/nature23018,Pubmed:28693034.
Ministry of Health, Labor and Welfare. Overview of the national health
and nutrition survey. 2018. https://www.mhlw.go.jp/content/10900000/
000687163.pdf. Accessed 9 October 2021.

Ministry of Health, Labor and Welfare. Report of the study group on
revision of exercise standards and exercise guidelines. 2013. https://www.
mhlw.go.jp/content/000306883.pdf. Accessed 4 April 2021.

Kozeni H. Changes in health status using the mental health question-
naire from pregnancy to 3-year-old health examination: understanding
the child care environment and abuse risk and supporting caregivers in
Monbetsu city. J Health Welf Stat. 60(15):12-6.

Mortazavi F, Chaman R, Mousavi SA, Khosravi A, Ajami ME. Maternal
psychological state during the transition to motherhood: A longitudinal
study. Asia Pac Psychiatry. 2013;5:E49-57. https://doi.org/10.1111/appy.
12075.

Mousavi SA, Mortazavi F, Chaman R, Khosravi A. Quality of life after cesar-
ean and vaginal delivery. Oman Med J. 2013;28:245-51. https://doi.org/
10.5001/0m;j.2013.70.

Viinaméki H, Niskanen L, Pesonen P, Saarikoski S. Evolution of postpartum
mental health. J Psychosom Obstet Gynaecol. 1997;18:213-9. https://doi.
0rg/10.3109/01674829709080690.

Azimi LH, Danesh MM, Hosseini SH, Khalilian A, Zarghami M. Postpartum
depression in clients at health care centers in Sari. Iran J Psychiatr Clin
Psychol. 2005;11:31-42.

Izumi M, Manabe E, Uematsu S, Watanabe A. Relationship between
changes in body composition and autonomic nervous system activity in
mothers in the first year postpartum. J Jpn Soc Nurs Res; 2017. https://
www.jstage jst.gojp/article/jjsnr/advpub/0/advpub_20170224001/_pdf/-
char/ja.

Hesketh KR, Evenson KR, Stroo M, Clancy SM, @stbye T, Benjamin-Neelon
SE. Physical activity and sedentary behavior during pregnancy and post-
partum, measured using hip and wrist-worn accelerometers. Prev Med
Rep. 2018;10:337-45. https://doi.org/10.1016/j.pmedr.2018.04.012.
Maehara K, Mori E, Iwata H, Sakajo A, Aoki K, Morita A. Postpartum mater-
nal function and parenting stress: comparison by feeding methods. Int J
Nurs Pract. 2017,23:212549. https://doi.org/10.1111/ijn.12549.

Pomp ER, Lenselink AM, Rosendaal FR, Doggen CJM. Pregnancy, the
postpartum period and prothrombotic defects: risk of venous thrombosis
in the MEGA study. J Thromb Haemost. 2008;6:632-7. https://doi.org/10.
1111/j.1538-7836.2008.02921 x.

Kamel H, Navi BB, Sriram N, Hovsepian DA, Devereux RB, Elkind MS. Risk
of a thrombotic event after the 6-week postpartum period. N Engl J Med.
2014;370:1307-15. https://doi.org/10.1056/NEJM0oa1311485.

James AH, Tapson VF, Goldhaber SZ. Thrombosis during pregnancy and
the postpartum period. Am J Obstet Gynecol. 2005;193:216-9. https://
doi.org/10.1016/j.aj0g.2004.11.037.

Morgan DM, Kaur G, Hsu Y, Fenner DE, Guire K, Miller J, et al. Does vaginal
closure force differ in the supine and standing positions? Am J Obstet
Gynecol. 2005;192:1722-8. https://doi.org/10.1016/j.ajog.2004.11.050.
Hagins M, Pietrek M, Sheikhzadeh A, Nordin M, Axen K. The effects of
breath control on intra-abdominal pressure during lifting tasks. Spine.
2004;29:464-9. https://doi.org/10.1097/01.brs.0000092368.90019.d8.
Citak N, Cam C, Arslan H, Karateke A, Tug N, Ayaz R, et al. Postpartum
sexual function of women and the effects of early pelvic floor muscle
exercises. Acta Obstet Gynecol Scand. 2010;89:817-22. https://doi.org/10.
3109/00016341003801623.

Wu YM, Mclnnes N, Leong Y. Pelvic floor muscle training versus watchful
waiting and pelvic floor disorders in postpartum women: a systematic
review and meta-analysis. Female Pelvic Med Reconstr Surg. 2018;24:142—
9. https://doi.org/10.1097/SPV.0000000000000513.

Gruszczynska D, Dabek A, Rekowski W. Diastasis recti abdominis - what
may cause it in postpartum women? Adv Rehabil. 2021;35:24-31. https://
doi.org/10.5114/areh.2021.103996.

McLearn KT, Minkovitz CS, Strobino DM, Marks E, Hou W. Maternal
depressive symptoms at 2 to 4 months postpartum and early parenting


https://doi.org/10.1016/j.ypmed.2019.02.012
https://doi.org/10.1016/j.ypmed.2019.02.012
https://doi.org/10.1007/s00737-017-0783-0
https://doi.org/10.1016/j.midw.2012.11.006
https://doi.org/10.1016/j.midw.2012.11.006
https://doi.org/10.1016/j.mhpa.2018.02.007
https://doi.org/10.1023/b:maci.0000037649.24025.2c
https://doi.org/10.1007/s10865-018-9931-x
https://doi.org/10.1207/s15327906mbr2603_7
https://doi.org/10.1207/s15327906mbr2603_7
https://doi.org/10.1017/s0033291700021644
https://doi.org/10.1017/s0033291700021644
https://doi.org/10.1007/s10654-019-00494-6
https://doi.org/10.1371/journal.pone.0242999
https://doi.org/10.1371/journal.pone.0242999
https://doi.org/10.1007/s42978-019-0021-8
https://doi.org/10.1038/nature23018,Pubmed:28693034
https://www.mhlw.go.jp/content/10900000/000687163.pdf
https://www.mhlw.go.jp/content/10900000/000687163.pdf
https://www.mhlw.go.jp/content/000306883.pdf
https://www.mhlw.go.jp/content/000306883.pdf
https://doi.org/10.1111/appy.12075
https://doi.org/10.1111/appy.12075
https://doi.org/10.5001/omj.2013.70
https://doi.org/10.5001/omj.2013.70
https://doi.org/10.3109/01674829709080690
https://doi.org/10.3109/01674829709080690
https://www.jstage.jst.go.jp/article/jjsnr/advpub/0/advpub_20170224001/_pdf/-char/ja
https://www.jstage.jst.go.jp/article/jjsnr/advpub/0/advpub_20170224001/_pdf/-char/ja
https://www.jstage.jst.go.jp/article/jjsnr/advpub/0/advpub_20170224001/_pdf/-char/ja
https://doi.org/10.1016/j.pmedr.2018.04.012
https://doi.org/10.1111/ijn.12549
https://doi.org/10.1111/j.1538-7836.2008.02921.x
https://doi.org/10.1111/j.1538-7836.2008.02921.x
https://doi.org/10.1056/NEJMoa1311485
https://doi.org/10.1016/j.ajog.2004.11.037
https://doi.org/10.1016/j.ajog.2004.11.037
https://doi.org/10.1016/j.ajog.2004.11.050
https://doi.org/10.1097/01.brs.0000092368.90019.d8
https://doi.org/10.3109/00016341003801623
https://doi.org/10.3109/00016341003801623
https://doi.org/10.1097/SPV.0000000000000513
https://doi.org/10.5114/areh.2021.103996
https://doi.org/10.5114/areh.2021.103996

Tomioka BMC Pregnancy and Childbirth (2022) 22:430 Page 12 of 12

practices. Arch Pediatr Adolesc Med. 2006;160:279-84. https://doi.org/10.
1001/archpedi.160.3.279,Pubmed:16520447.

64. Ha AVV, ZhaoY, Binns CW, Pham NM, Nguyen PTH, Nguyen CL, et al.
Postpartum physical activity and weight retention within one year: A
prospective cohort study in Vietnam. Int J Environ Res Public Health.
2020;17:1105. https://doi.org/10.3390/ijerph17031105.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1001/archpedi.160.3.279,Pubmed:16520447
https://doi.org/10.1001/archpedi.160.3.279,Pubmed:16520447
https://doi.org/10.3390/ijerph17031105

	Relationship between physical activity and mental health in women after childbirth: a cross-sectional exploratory study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study design
	Participants
	Data collection method
	Study period
	Participation method

	Survey details
	Questionnaire
	Measurement methods and data collection

	Statistical analysis
	Ethical considerations

	Results
	Participant characteristics
	Amount of time engaged in PA based on the degree of intensity
	Relationship between GHQ-28 and the amount of PA
	Linear regression analysis of GHQ-28 and the amount of daily activities

	Discussion
	Participant characteristics
	PA
	Relationship between mental health and the amount of PA
	Study strengths, limitations, and future prospects

	Conclusions
	Acknowledgements
	References


