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Abstract

Background.Accumulating evidence suggests a long-term health risk of cesarean section for the
mother and child, but few studies have examined the link between cesarean section and
parenting stress. Here, we examined this association by exploiting a large dataset.
Methods. Participants were 65,235 mothers participating in the Japan Environment and
Children’s Study, an ongoing nationwide birth cohort. Outcome variables were parenting stress
assessed as total score and subscale scores (representing the difficult child, parental distress, and
spouse factors) on the Japanese 19-item version of the Parenting Stress Index Short Form (J-PSI-
SF). Exposures were the mode of delivery, the timing of the J-PSI-SF assessment (1.5, 2.5, and
3.5 years postpartum), and the interaction between them. Multivariate regression analysis was
used to calculate adjusted β coefficients and standard error of the means (SEMs).
Results. The J-PSI-SF total score was higher in the cesarean section group than in the vaginal
delivery group (adjusted β= 0.24, SEM= 0.09). This increase was primarily due to higher scores
for the difficult child factor (adjusted β = 0.18, SEM = 0.05) and not to higher scores for the
parental distress or spouse factor.
Conclusions.Cesarean section was associated with higher parenting stress, especially in relation
to the difficult child factor. Our results highlight the importance of paying particular attention to
the mental health of both mother and child in the case of cesarean section.

Introduction

Parenting stress is stress that occurs when the parenting demands from the child exceed the
parenting resources of the parents [1]. Parenting stress can be broadly classified into stress related
to parent and child factors. Increased parenting stress can lead to (1) increased risk of child
maltreatment [2, 3], (2) poor parenting behavior [4], (3) lower quality of life for parents [5],
(4) worse communication within the family [6], and (5) increased risk of emotional and
behavioral problems in the child [7]. Therefore, increased parental stress could be a significant
public health concern.

One factor that potentially increases parenting stress is cesarean section. The number of
cesarean sections continues to grow worldwide [8], and a large observational study has reported
increased parenting stress associated with cesarean sections [9]. Although the actual mechanism
behind the association is not known, the prolonged physical pain resulting from a cesarean
sectionmayhave some involvement. Comparedwith vaginal delivery, cesarean section is associated
with higher pain even years after delivery [10, 11], and this painmay reduce themother’s parenting
resources available to cope with the demands of childcare. Childhood illness may also have some
involvement. It has been reported that cesarean sections are associated with childhood asthma,
obesity [12, 13], and stress-related disorders [14], which may make a child more demanding.
However, the relationship between cesarean section andparenting stress is still notwell understood,
nor whether this relationship can be attributed to the mother herself, the child, or both.

In this study, we sought to determine the relationship between cesarean delivery and parenting
stress in the Japan Environment and Children’s Study (JECS), a large birth cohort study in Japan.

Methods

Study design and population

Participants were mothers enrolled in JECS, an ongoing nationwide government-funded birth
cohort study examining the impact of various environmental factors on children’s health and

European Psychiatry

www.cambridge.org/epa

Research Article

Cite this article: Matsumura K, Hatakeyama T,
Yoshida T, Tsuchida A, Inadera H, The Japan
Environment and Children’s Study (JECS)
Group (2023). Cesarean section and parenting
stress: Results from the Japan Environment
and Children’s Study. European Psychiatry,
66(1), e18, 1–9
https://doi.org/10.1192/j.eurpsy.2023.5

Received: 03 October 2022
Revised: 06 January 2023
Accepted: 06 January 2023

Keywords:
Epidemiology; longitudinal study; mode of
delivery; pain; stress

Author for correspondence:
*Kenta Matsumura,
E-mail: kmatsumu@med.u-toyama.ac.jp

The study group members are listed in the
Appendix.

© The Author(s), 2023. Published by Cambridge
University Press on behalf of the European
Psychiatric Association. This is an Open Access
article, distributed under the terms of the
Creative Commons Attribution licence (http://
creativecommons.org/licenses/by/4.0), which
permits unrestricted re-use, distribution and
reproduction, provided the original article is
properly cited.

https://doi.org/10.1192/j.eurpsy.2023.5 Published online by Cambridge University Press

https://orcid.org/0000-0002-4271-1543
https://orcid.org/0000-0002-9937-1703
https://orcid.org/0000-0003-1209-3104
https://orcid.org/0000-0002-3548-221X
https://doi.org/10.1192/j.eurpsy.2023.5
mailto:kmatsumu@med.u-toyama.ac.jp
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/licenses/by/4.0
https://doi.org/10.1192/j.eurpsy.2023.5


development. The design and baseline characteristics of the JECS
have been reported in detail elsewhere [15, 16]. Briefly, pregnant
women were enrolled between January 2011 and March 2014 at
public facilities, such as health centers and obstetrics and
gynecology departments, from 15 regional centers (in rural and
urban locations) across Japan via face-to-face recruitment. Follow-
up took place during mid/late pregnancy, at childbirth, and at 1.5,
2.5, and 3.5 years postpartum. Data were collected from themedical
record transcriptions by physicians, midwives/nurses, and/or
research coordinators and via self-report questionnaires distributed
to the participants by hand at the cooperating health care providers
during pregnancy and by post after childbirth.

This study analyzed the jecs-qa-20210401 dataset, which was
first released in April 2021 and completed in February 2022. The
dataset contains data on 103,057 pregnancies. In this study, 5,647
pregnancies were excluded due to multiple registrations (second or
third registration of the same mother), 949 due to multiple births
(twins ormore), and 3,562 due tomiscarriages or stillbirths. Among
the remaining 92,941 unique mothers, an additional 532 were
excluded due to dropout or missing data on mode of delivery,
and another 27,174 were excluded due to dropout or missing data
on parenting stress. This left 65,235 mothers for the final analysis
(Figure 1).

All procedures contributing to this work complied with the
ethical standards of the relevant national and institutional commit-
tees on human experimentation and with the Helsinki Declaration
of 1975, as revised in 2008. The JECS protocol was reviewed and
approved by the Ministry of the Environment’s Institutional
Review Board on Epidemiological Studies (100910001) and the
ethics committees of all participating institutions. Written
informed consent was obtained from all participants. The protocol
of this study was also approved by the Ethics Committee of the
University of Toyama (Protocol number R2022091).

Measures

Primary exposure
Mode of delivery (cesarean section or vaginal delivery), obtained
from the medical record transcriptions, was used as the primary
exposure variable.

Outcomes
Parenting stress was assessed on three occasions, at 1.5, 2.5, and
3.5 years postpartum, using the Japanese 19-item version of the
Parenting Stress Index Short Form (J-PSI-SF) [17]. This instrument
was developed to evaluate postpartum parenting stress based on the
78-item PSI [18], which had itself originated from Abidin’s
101-item PSI [1, 19]. The J-PSI-SF has good internal consistency
(Cronbach α = 0.87), test–retest consistency over a 1-year interval
(r = 0.73), and a three-factor structure composed of difficult child,
parental distress, and spouse factors [20] (Supplementary Table S1).

The difficult child factor is defined as stress from the child’s
temperament or behavior and consists of items 3, 4, 6, 8, 9, 10, and
11, including “10. My child imposes demands on me more than
most children,” “9. My child is easily upset by small things,” and “6.
My child cries or fusses rather often.”

The parental distress factor is defined as the stress felt by the
parent while raising the child and consists of items 1, 2, 12, 13,
14, 17, 18, and 19, including “19. I am unable to enjoy things as I
used to,” “12. I do not feel capable of handling things very well,” and
“17. I feel alone without friends.”

The spouse factor is defined as stress in the relationship with the
spouse/partner while raising the child and consists of two items,
“16. There are more problems with my spouse by having a child”
and “15. My spouse does not give me as much help as I expected.”

Mothers were asked to complete their response on a 5-point
Likert scale (1 = strongly disagree, 2 = disagree, 3 = not sure,
4 = agree, and 5 = strongly agree), and items with reversed valence
were scored by reversing scores 1 to 5. We calculated the subscale
scores for the difficult child, parental distress, and spouse factors by
summing the scores of corresponding items and the total J-PSI-SF
score by summing all subscale scores and then used them as
outcome variables.

Potential confounders
We selected potential confounders, defined as variables before
and/or during pregnancy with a potential impact on both exposures
and outcomes, as well as basic anthropometric and socioeconomic
variables. These variables werematernal age during pregnancy, pre-
pregnancy body mass index (BMI), parity, gestational age, preg-
nancy complication (e.g., hypertension, diabetes, and psychiatric
disease), obstetrics complication (e.g., placenta previa, placental
abruption, and intrauterine growth restriction), marital status,
highest education level [21], employment status, annual household
income, smoking status, alcohol intake, regular physical activity
corresponding to a 10-min walk/day [22, 23], experience of a
stressful event, negative attitude toward pregnancy, degree of emo-
tional support [24], and psychological distress assessed using the
Kessler 6 (K6) questionnaire [25–27], and area of residence
(regional center where participants were recruited). Variables were
categorized according to standard medical practice or common
practice in Japan (e.g., [28]).

Statistical analysis

Descriptive characteristics are presented as frequencies and per-
centages. Multivariate linear regression analysis was performed to
estimate crude and adjusted β coefficients and the standard errors
of the means (SEMs). The exposure variables were the mode of

Figure 1. Participant flow diagram.
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delivery, timing of the J-PSI-SF assessment in the postpartum
period (repeated measures), and the interaction between mode of
delivery and timing of the J-PSI-SF assessment. Vaginal delivery
and assessment at 1.5 years were used as the reference. Outcome
variables were each score derived from the J-PSI-SF. The forced
entry method was used to include all the potential confounders and
their interactions with assessment timing to adjust the model.

Data were analyzed using SAS version 9.4 software (SAS Insti-
tute Inc., Cary, North Carolina).

Additional analysis
For a more in-depth analysis, we repeated the regression analysis
using each item score of the J-PSI-SF.

Results

In total, 65,235 mothers were analyzed; the mean age � standard
deviation (SD) was 31.4 � 4.8 years, and the mean pre-pregnancy
BMI � SD was 21.1 � 3.2. Table 1 shows the participants’ charac-
teristics according to the mode of delivery. Among 65,235 mothers,
12,049 had a cesarean section and 53,186 had a vaginal delivery.
Cesarean section varied from 14.1 to 24.9% according to area of
residence.

Table 2 shows unstandardized crude and adjusted β coefficients
(SEMs) for each J-PSI-SF score according to mode of delivery,
timing of J-PSI-SF assessment, and their interaction. The J-PSI-
SF total score was higher in the cesarean section group than in the
vaginal delivery group (adjusted β = 0.24, SEM = 0.09). This
increase was almost entirely due to an increase in the difficult child
factor score (adjusted β= 0.18, SEM= 0.05) and not to the parental
distress factor score (adjusted β = 0.07, SEM = 0.04) or spouse
factor score (adjusted β =�0.01, SEM = 0.02). The total score was
higher at 2.5 years postpartum (adjusted β= 0.57, SEM= 0.23) than
at 1.5 years postpartum. This increase wasmainly due to an increase
in the parental distress factor score (adjusted β= 0.43, SEM= 0.12).
The total score was somewhat lower at 3.5 years postpartum
(adjusted β = �0.46, SEM = 0.26) than at 1.5 years postpartum,
owing to the combination of a large decrease in the difficult child
factor score (adjusted β =�0.54, SEM = 0.15) and a small increase
in the parental distress factor score (adjusted β= 0.19, SEM= 0.13).
No significant interaction was observed between cesarean section
and timing of assessment.

Table 3 summarizes the results of the additional analysis. As in
the main analysis, the additional analysis using each J-PSI-SF item
revealed that cesarean section was associated with higher scores on
items 3, 4, 6, 10, and 11 for the difficult child factor. Additionally,
cesarean section was associated with higher scores only on item
18 for the parental distress factor and item 5, which does not belong
to any factor. Again, no significant interaction was observed
between cesarean section and timing of assessment.

Discussion

This study examined the relationship between cesarean
section and parenting stress. The results consistently showed a
slight, but significant, increase in J-PSI-SF total scores for the
cesarean section group from as early as 1.5 years of age. This
increase was primarily due to an increase in the J-PSI-SF difficult
child factor score (i.e., stress from the child’s temperament or
behavior), and not in the score for factors related to parental
distress (i.e., stress felt by the mother during childrearing) or

spouse (i.e., stress in the relationship with spouse while raising
the child). The finding of increased parenting stress associated
with a cesarean section is consistent with the results of a previous
large cohort study [9].

The J-PSI-SF difficult child factor score was higher for children
delivered by cesarean section. One reason for this may be that
allergic disease and obesity are more common in these children
[12, 13]. Studies of parenting stress have consistently found that
parenting stress is increased when a child has an autism spectrum
disorder, allergy, or physical disease [19]. Our previous study also
showed an increased prevalence of functional constipation in chil-
dren born by cesarean section [29], which also likely increases the
parenting demands from the child.

In relation to the above, children born by cesarean section are
known to exhibit an excessive stress response to acute psychological
stressors even in adulthood [30]. It has been suggested that passage
through the birth canal is critical in the development of the core
stress system, namely, the hypothalamic–pituitary–adrenal axis,
and bypassing this may have a negative impact on strong stress
experiences [31]. It has also been reported that children born by
cesarean sections have low diversity of gutmicrobiota, and such low
diversity is related to psychiatric disorders [32]. Recent epidemio-
logical studies have reported that the only factor associated with
stress-related disorders after controlling for siblings is cesarean
section [14], and cesarean section was associated with neurodeve-
lopmental disorders when not controlling for siblings [33]. Further
research is needed to investigate the impact of cesarean section on
psychiatric disorders, neurodevelopment disorders, and stress reac-
tions in children, as well as allergy and obesity issues, all of which
are highly likely to lead to a more demanding child.

When analyzed on an individual item basis, cesarean section
was found to be associated with many of the items comprising the
J-PSI-SF difficult child factor, consistent with our main results.
More specifically, children born by cesarean section had worse
scores on items for being too active, having difficulty concentrat-
ing, not pleasing their mother, being prone to crying and fussing,
being demanding, and being attached to the mother. These
responses are suggestive of attention deficit hyperactivity dis-
order, hyperarousal, separation anxiety, and being prone to ill-
ness. As noted in the introduction, the following pathway can be
posited: (1) cesarean section; (2) neuropsychiatric and develop-
mental disorders and other illnesses; and (3) increased J-PSI-SF
difficult child factor scores. For the parental distress factor, on the
other hand, the only significant association observed was between
cesarean section and illness, aches, and pains, and there was no
association with other items such as not enjoying being a parent,
having less social support, or feeling unable to cope with things.
This association between cesarean section and pain is consistent
with previous studies [10, 11], but this alone would not have led to
a clear reduction in parenting resources, and thus was not asso-
ciated with J-PSI-SF parental distress factor score as the umbrella
factor.

Cesarean sections can be a life-saving procedure whenmedically
indicated, but they are increasing worldwide [8], and Japan is no
exception [34]. In particular, the number of procedures performed
at the request of the mother is increasing [35]. Generally, it is
known that cesarean sections not only increase maternal mortality
and morbidity, but also cause allergic diseases and obesity in the
child. Additionally, recent large epidemiological studies have
shown that cesarean sections increase the risk of psychiatric dis-
orders [14]. Therefore, taken together with the results of this study,
the decision to have a cesarean section should not be made lightly.

European Psychiatry 3

https://doi.org/10.1192/j.eurpsy.2023.5 Published online by Cambridge University Press

https://doi.org/10.1192/j.eurpsy.2023.5


Table 1. Characteristics of participants according to mode of delivery.

Vaginal delivery Cesarean section
(n = 53,186) (n = 12,049)

n (%) n (%)

Age, y

<25 4486 (8.4) 609 (5.1)

25–<30 15,578 (29.3) 2493 (20.7)

30–<35 19,473 (36.6) 4249 (35.3)

≥35 13,421 (25.2) 4615 (38.3)

Missing 228 (0.4) 83 (0.7)

Body mass index, kg/m2

<18.5 9068 (17.1) 1521 (12.6)

18.5–<25 39,669 (74.6) 8699 (72.2)

≥25 4418 (8.3) 1819 (15.1)

Missing 31 (0.1) 10 (0.1)

Parity

0 22,792 (42.9) 5192 (43.1)

1 19,264 (36.2) 4492 (37.3)

≥2 9792 (18.4) 2057 (17.1)

Missing 1338 (2.5) 308 (2.6)

Gestational age, week

<34 178 (0.3) 407 (3.4)

34–<37 1484 (2.8) 863 (7.2)

37–<42 51,424 (96.7) 10,716 (88.9)

≥42 100 (0.2) 63 (0.5)

Pregnancy complication

No 44,920 (84.5) 9434 (78.3)

Yes 7310 (13.7) 2380 (19.8)

Missing 956 (1.8) 235 (2.0)

Obstetric complications

No 29,095 (54.7) 5415 (44.9)

Yes 23,187 (43.6) 6402 (53.1)

Missing 904 (1.7) 232 (1.9)

Marital status

Married 51,073 (96.0) 11,621 (96.5)

Unmarried 1453 (2.7) 278 (2.3)

Divorced/widowed 241 (0.5) 75 (0.6)

Missing 419 (0.8) 75 (0.6)

Highest education level, y

≤9 1657 (3.1) 397 (3.3)

>9–≤12 15,254 (28.7) 3604 (29.9)

>12–≤16 22,913 (43.1) 5263 (43.7)

>16 12,914 (24.3) 2651 (22.0)

Missing 448 (0.8) 134 (1.1)

Employment status

No 23,971 (45.1) 5467 (45.4)

Yes 28,623 (53.8) 6408 (53.2)

Missing 592 (1.1) 174 (1.4)
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Table 1. Continued

Vaginal delivery Cesarean section
(n = 53,186) (n = 12,049)

n (%) n (%)

Annual household income, JPY

<4 million 18,849 (35.4) 4158 (34.5)

4–<6 million 16,975 (31.9) 3772 (31.3)

≥6 million 13,929 (26.2) 3329 (27.6)

Missing 3433 (6.5) 790 (6.6)

Smoking status

Never 32,566 (61.2) 7036 (58.4)

Quit 18,445 (34.7) 4475 (37.1)

Current 1618 (3.0) 390 (3.2)

Missing 557 (1.1) 148 (1.2)

Alcohol intake

Never 17,934 (33.7) 3999 (33.2)

Former 33,280 (62.6) 7592 (63.0)

Current 1391 (2.6) 294 (2.4)

Missing 581 (1.1) 164 (1.4)

Regular physical activity

No 12,377 (23.3) 3072 (25.5)

Yes 40,473 (76.1) 8869 (73.6)

Missing 336 (0.6) 108 (0.9)

Experience of stressful event

No 29,957 (56.3) 6811 (56.5)

Yes 22,695 (42.7) 5092 (42.3)

Missing 534 (1.0) 146 (1.2)

Negative attitude toward pregnancy

No 49,165 (92.4) 11,246 (93.3)

Yes 3578 (6.7) 723 (6.0)

Missing 443 (0.8) 80 (0.7)

Degree of emotional social support

Low 14,454 (27.2) 3354 (27.8)

Mid–low 10,798 (20.3) 2440 (20.3)

Mid–high 14,422 (27.1) 3209 (26.6)

High 12,525 (23.6) 2800 (23.2)

Missing 987 (1.9) 246 (2.0)

Kessler psychological distress scale (K6) score

0–4 38,558 (72.5) 8776 (72.8)

5–12 12,958 (24.4) 2821 (23.4)

≥13 1339 (2.5) 348 (2.9)

Missing 331 (0.6) 104 (0.9)

Area of residence

A 4160 (7.8) 1019 (8.5)

B 4627 (8.7) 944 (7.8)

C 6822 (12.8) 1567 (13.0)

D 2964 (5.6) 724 (6.0)
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Table 1. Continued

Vaginal delivery Cesarean section
(n = 53,186) (n = 12,049)

n (%) n (%)

E 3730 (7.0) 613 (5.1)

F 3761 (7.1) 766 (6.4)

G 3223 (6.1) 617 (5.1)

H 3017 (5.7) 681 (5.7)

I 2218 (4.2) 535 (4.4)

J 4123 (7.8) 978 (8.1)

K 2724 (5.1) 654 (5.4)

L 1668 (3.1) 376 (3.1)

M 3153 (5.9) 1046 (8.7)

N 4223 (7.9) 849 (7.1)

O 2773 (5.2) 680 (5.6)

Abbreviation: K6, Kessler psychological distress scale.

Table 2. Unstandardized crude and adjusted β coefficients (SEMs) for each score of the Japanese 19-item version of the Parenting Stress Index Short Form
according to mode of delivery and timing of assessment in the postpartum period.

Effect

Main Interaction

Cesarean section Timing Cesarean section � Timing

Yes No 2.5 y 3.5 y 1.5 y Yes � 2.5 y Yes � 3.5 y Others

Crude model

Total score 0.39 (0.09) — 0.44 (0.03) �0.54 (0.03) — 0.00 (0.07) �0.06 (0.08) —

Subscale score

Difficult child 0.21 (0.05) — 0.09 (0.02) �0.55 (0.02) — 0.02 (0.04) 0.00 (0.05) —

Parental distress 0.18 (0.05) — 0.31 (0.02) 0.03 (0.02) — �0.02 (0.03) �0.06 (0.04) —

Spouse 0.00 (0.02) — 0.04 (0.01) �0.01 (0.01) — 0.01 (0.02) 0.00 (0.02) —

Adjusted modela

Total score 0.24 (0.09) — 0.57 (0.23) �0.46 (0.26) — �0.05 (0.07) �0.13 (0.08) —

Subscale score

Difficult child 0.18 (0.05) — 0.11 (0.14) �0.54 (0.15) — �0.02 (0.04) �0.04 (0.05) —

Parental distress 0.07 (0.04) — 0.43 (0.12) 0.19 (0.13) — �0.03 (0.04) �0.07 (0.04) —

Spouse �0.01 (0.02) — 0.03 (0.06) �0.10 (0.06) — �0.01 (0.02) �0.01 (0.02) —

Note: Boldface type indicates significance, defined as the 95% confidence interval not crossing the reference (=0.00). “—” represents reference. Others include Yes� 1.5 y, No� 1.5 y, No� 2.5 y,
and No � 3.5 y.
Abbreviation: SEM, standard error of the mean.
aAdjusted for maternal age, body mass index, parity, gestational age, pregnancy complication, obstetric complication marital status, highest education level, employment status, annual
household income, smoking status, alcohol intake, regular physical activity, experience of stressful event, negative attitude toward pregnancy, emotional social support, psychological distress,
and area of residence.
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Table 3. Unstandardized adjusted β coefficients (SEMs)a for each item of the Japanese 19-item version of the Parenting Stress Index Short Form according to mode
of delivery and timing of assessment in the postpartum period.

Item Factor

Effect

Main Interaction

Cesarean section Timing Cesarean section � Timing

Yes No 2.5 y 3.5 y 1.5 y Yes � 2.5 y Yes � 3.5 y Others

1 PD I enjoy being a parent 0.007 (0.007) — 0.078 (0.022) 0.159 (0.023) — 0.003 (0.007) �0.005 (0.007) —

2 PD When caring for my child is
difficult, I resort to
asking for help or advice

0.005 (0.008) — 0.020 (0.026) 0.068 (0.027) — �0.010 (0.008) �0.008 (0.008) —

3 DC My child is active to the
extent of overwhelming
me

0.038 (0.011) — 0.099 (0.035) 0.037 (0.037) — �0.013 (0.011) �0.017 (0.012) —

4 DC My child has difficulty
focusing attention

0.026 (0.009) — 0.020 (0.032) �0.028 (0.034) — 0.005 (0.010) �0.003 (0.011) —

5 UI My child rarely does things
that make me feel good

0.025 (0.006) — 0.017 (0.022) 0.050 (0.023) — �0.010 (0.007) �0.012 (0.007) —

6 DC My child cries or fusses
rather often

0.028 (0.009) — 0.021 (0.033) �0.078 (0.034) — �0.018 (0.010) �0.018 (0.010) —

7 UI My child does not smile
very much, unlike most
children

0.006 (0.005) — �0.011 (0.016) �0.039 (0.017) — 0.004 (0.005) �0.002 (0.005) —

8 DC My child does some things
that bother me a lot

0.011 (0.011) — 0.041 (0.039) �0.012 (0.040) — 0.001 (0.012) �0.001 (0.013) —

9 DC My child is easily upset by
small things

0.011 (0.011) — �0.007 (0.037) �0.074 (0.039) — 0.002 (0.011) �0.017 (0.012) —

10 DC My child imposes demands
on me more than most
children

0.027 (0.010) — 0.145 (0.033) 0.126 (0.037) — �0.001 (0.010) 0.009 (0.011) —

11 DC My child is always attached
to me

0.035 (0.011) — �0.213 (0.037) �0.514 (0.040) — 0.007 (0.012) 0.002 (0.012) —

12 PD I do not feel able to handle
things very well

0.007 (0.010) — 0.081 (0.031) 0.026 (0.033) — �0.005 (0.009) �0.014 (0.010) —

13 PD Since giving birth to my
child, I feel unable to do
most of the things I like
to do

0.004 (0.010) — �0.065 (0.032) �0.182 (0.033) — �0.005 (0.010) 0.002 (0.010) —

14 PD I feel that it is my fault
every timemy child does
something wrong

�0.002 (0.009) — 0.065 (0.030) 0.046 (0.031) — �0.012 (0.009) �0.016 (0.010) —

15 SP My spouse does not give
me as much help as I
expected

�0.007 (0.011) — 0.041 (0.032) �0.020 (0.036) — �0.001 (0.010) �0.008 (0.010) —

16 SP Having a child has created
more problems with my
spouse

�0.002 (0.011) — �0.007 (0.034) �0.085 (0.036) — �0.009 (0.010) �0.003 (0.011) —

17 PD I feel alone with no friends �0.004 (0.009) — 0.012 (0.026) �0.023 (0.027) — 0.007 (0.008) �0.009 (0.008) —

18 PD I have been experiencing
more illness, aches, and
pains over the past
6 months

0.036 (0.010) — 0.148 (0.037) 0.047 (0.038) — �0.008 (0.011) �0.016 (0.012) —

19 PD I am unable to enjoy things
as I used to

0.015 (0.008) — 0.088 (0.028) 0.044 (0.030) — 0.003 (0.009) �0.005 (0.009) —

Note: Boldface type indicates significance, defined as the 95% confidence interval not crossing the reference (=0.00). “—” represents reference. Others include Yes� 1.5 y, No� 1.5 y, No� 2.5 y,
and No � 3.5 y.
Abbreviations: DC, difficult child; PD, parental distress; SEM, standard error of the mean; SP, spouse; UI, unused item not belonging to any factor.
aAdjusted for maternal age, body mass index, parity, gestational age, pregnancy complication, obstetric complication marital status, highest education level, employment status, annual
household income, smoking status, alcohol intake, regular physical activity, experience of stressful event, negative attitude toward pregnancy, emotional social support, psychological distress,
and area of residence.
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This study has the following strengths. First, we analyzed data
from an ongoing nationwide birth cohort with a large sample
exceeding 65,000 mothers who were recruited from both urban
and rural areas between 2011 and 2014. Therefore, the sample can
be considered to be representative of recent Japanese mothers.
Second, assessments were performed three times, at 1.5, 2.5, and
3.5 years postpartum. This allowed us to obtain rich results. Third,
we considered 16 potential confounders, so our estimates are likely
reasonable.

This study also has some limitations. First, we derived data on the
delivery mode from the medical record transcriptions, but we have
no data on whether the cesarean section was elective (scheduled) or
emergency. If we had distinguished between these, the results might
have been slightly different, given that these differences in caesarian
section are reported to affect the mental state of mothers [36] and
neurodevelopmental disorders when not controlling for siblings
[33]. Second, mothers with high parenting stress may have dropped
out of the cohort, possibly resulting in selection bias. Finally, the
generalizability of the association found in this study must be exam-
ined in other settings outside Japan, where the J-PSI-SF has not yet
been validated, and in other populations in addition to mothers.

In conclusion, this study found that cesarean section was asso-
ciated with increased parenting stress, especially in terms of the
difficult child factor, but not with the parental distress or spouse
factor. In the case of cesarean section, particular attention should be
paid to the mental health of both mother and child.
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