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ABSTRACT

With the aim of monitoring the mental and physical health of mothers and children following the Fukushima nuclear accident and
providing them with necessary care, we have been conducting an annual survey of expectant and nursing mothers since 2011. The
Pregnancy and Birth Survey is a mail-in survey of about 15,000 individuals, with a response rate of approximately 50.0% each year.
In addition, because respondents to a survey conducted in the immediate aftermath of the disaster showed a particularly high rate of
depression, follow-up surveys have been conducted at 4 years after childbirth. Reviewing the results of surveys from FY 2011
through FY 2018, we found that the prevalence of depressive symptoms among mothers was highest in the survey after childbirth
and decreased over time. Data of follow-up surveys showed that the prevalence of depression was lower than immediately after
childbirth and then decreased over time. The proportion of mothers with radiation anxiety was higher among respondents in the FY
2011 follow-up than in the FY 2014 follow-up, indicating the prolonged impact of the nuclear accident, especially among those who
gave birth immediately after the disaster. Characteristics of mothers who received telephone parenting counseling included first
delivery, caesarean section, living in evacuation zones, not being able to receive medical examinations as scheduled, and having
radiation anxiety. Continuous care should be provided to mothers who gave birth immediately after the nuclear accident, including
routine perinatal care and parenting support, provision of information on radiation, and long-term monitoring of their wellbeing.
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INTRODUCTION

Pregnant women, as well as postpartum women and their
children, are especially vulnerable to natural and technological
disasters, particularly those who are highly exposed.1 In the
aftermath of the Chernobyl nuclear accident, the impact on
maternal mental health was reported to be one of the most serious
public health consequences.2 After the 1979 Three Mile Island
nuclear accident in the United States, pregnant women with a
higher level of anxiety evaluated the health of their children
as poorer.3 Likewise, pregnant women who have experienced
natural disasters, such as severe hurricanes, are at a significantly
higher risk of post-traumatic stress disorder and depression.4

TheMarch 11, 2011 Great East Japan Earthquake was a complex
disaster that consisted of an earthquake, a tsunami, and a nuclear
accident, and immediately disrupted medical services and caused
widespread and persistent radioactive contamination.5,6 Radiation
anxiety was stronger within Fukushima Prefecture than outside,
and mothers were more anxious than fathers in the prefecture.7

Fukushima Medical University launched the Fukushima Health
Management Survey (FHMS) in fiscal year (FY) 2011, which was
commissioned by the Fukushima Prefectural Government.8,9 The
FHMS consists of the Basic Survey, which assesses the exposure
doses of residents who were living in Fukushima Prefecture at the
time of the disaster, and four detailed surveys: Thyroid Ultrasound
Examinations for residents under 18 years old; a Comprehensive
Health Checkup; a Mental Health and Lifestyle survey for residents
in the evacuation zone; and the Pregnancy and Birth Survey for
women who gave birth in Fukushima. The purpose of the
Pregnancy and Birth Survey is to address anxieties associated with
pregnancy, childbirth, and childrearing, as well as to provide
counseling by midwives and public health nurses via telephone or
email for respondents identified as in need of support.10

This paper offers a detailed account of depressive symptoms
among mothers as well as the support provided to them, as shown
in the results of the Pregnancy and Birth Survey. Our review aims
to improve emergency preparedness targeting mothers with small
children in future radiation-related disasters.
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METHODS

Pregnancy and Birth Survey (survey after childbirth)
Survey design
Purpose
The purpose of the Pregnancy and Birth Survey is to address
the anxiety that pregnant women and mothers in Fukushima
Prefecture have and to provide necessary support by assessing
their physical and mental health after the Great East Japan
Earthquake and the accident at the Tokyo Electric Power
Company’s Fukushima Daiichi Nuclear Power Station.
Target population
In the FY 2011–2018 surveys, 115,976 cases (FY 2011, 16,001;
FY 2012, 14,516; FY 2013, 15,218; FY 2014, 15,125; FY 2015,
14,572; FY 2016, 14,154; FY 2017, 13,552; FY 2018, 12,838)
satisfied one of the following conditions: received a Maternal and
Child Health Handbook from one of the 59 municipal offices in
Fukushima Prefecture between August 1 of the previous year
and July 31 of the corresponding year, or received a Maternal
and Child Health Handbook from an office outside Fukushima
Prefecture, but received antenatal care and delivered their
children in Fukushima Prefecture.
Procedure
The Pregnancy and Birth Survey of the FHMS has been
conducted every year since the March 11, 2011 disaster, targeting
women who have registered their pregnancies during a specified
period each year. The pregnancy registration grants free access to
antenatal care and well-child visits and is available to all pregnant
women in Japan. Participants of the self-administered survey
questionnaire were asked to respond by either mail or an online
system that was available from FY 2016.11 The response period
for the survey was January 2012 to March 2013 for FY 2011,
December 2012 to November 2013 for FY 2012, December 2013
to December 2014 for FY 2013, November 2014 to December
2015 for FY 2014, November 2015 to December 2016 for
FY 2015, November 2016 to December 2017 for FY 2016,
November 2017 to December 2018 for FY 2017, and November
2018 to December 2019 for FY 2018.
Data items
The questionnaire items remained essentially the same in terms
of content throughout the 8 years. The number of questions has
changed only slightly. The survey items are maternal factors,
including age, parity, family structure, depressive symptoms,
and subjective health (FY 2012∼); disaster-related factors,
including the region that issued the Maternal and Child Health
Handbook (registered regions), evacuation status (FY 2012∼),
and pregnancy intention (FY 2012∼); obstetric factors, including
medical history, type of pregnancy, illness during pregnancy,
delivery method, receipt of sufficient antenatal or delivery care;
childrearing status, including infant feeding methods and the
reasons for selecting these methods (FY 2011–2013) and
maternal confidence (FY 2012∼); child-related factors, including
the sex of the child, low birth weight, and congenital anomaly;
and free comments.

The main indicator was maternal depressive symptoms as
measured using a two-item screening tool for postpartum
depression that was developed by Mishina et al.12 We asked,
“During the past month, have you often felt down, depressed, or
hopeless?” and “During the past month, have you often found
little interest or pleasure in doing things?” We classified mothers
who answered “Yes” to one or both of these questions as positive

for depressive symptoms. It was reported that using the
Edinburgh Postpartum Depression Scale (EPDS) as the standard,
the sensitivity and specificity of the two-item screening tool was
88% and 76%, respectively.12 To perform a comparison with the
national survey data in 2013 and 2017, we converted the two-item
scores to EPDS scores using the positive and negative predictive
value of the two-item measure reported by Mishina et al.12

It should be noted that an EPDS score of 9 or higher is classified
as depression-positive in Japanese women (compared with the
international baseline score of 13 or higher).

Follow-up survey at 4 years after childbirth
Survey design
Purpose
Many of the respondents to the Pregnancy and Birth Survey at
the time of the disaster tended to have depressive symptoms
and wrote about serious issues in the free comment section of the
survey form. Accordingly, a follow-up survey was implemented
every year starting in FY 2015 targeting mothers 4 years after
delivery, starting with those who responded to the questionnaire
survey in FY 2011. We selected 4 years after delivery in order to
provide a parenting support opportunity between the routinely
conducted 36-month checkup and the pre-school checkup at
about 5 years of age.
Target population
The target group consisted of 24,444 respondents (FY 2011,
7,252; FY 201, 5,602; FY 2013, 5,734; FY 2014, 5,856) of the
FY 2011–2014 Pregnancy and Birth Surveys who were identified
as alive along with their children through referral to municipal-
ities (excluding those who miscarried, had their pregnancy
terminated, or had a stillbirth).
Procedure
Self-administered survey questionnaires were mailed to eligible
pregnant women at around 4 years after giving birth. An online
system was launched in 2016. The response period for the survey
was September 2015 to May 2016 for the FY 2011 follow-up,
November 2016 to June 2017 for the FY 2012 follow-up, January
2018 to August 2018 for the FY 2013 follow-up, and January
2019 to August 2019 for the FY 2014 follow-up. In the follow-up
survey, we provided the same necessary support after first
assessing their physical and mental health, as in the first survey.
Data items
The survey items were simplified to six items: maternal con-
fidence, two-item depression screening, subjective health, anxiety
about radiation effects (eg, water, food, child’s outdoor play,
child health, stigma, genetic influences), hospitalization of
children, and mothers’ anxiety about their child (eg, physical
and mental development, lifestyle, diseases). From the FY 2011
follow-up survey to the FY 2014 follow-up survey, no changes
were made to any questionnaire items.
Support system for the Pregnancy and Birth Survey/
Follow-up survey
Purpose
The aim of the support system was to alleviate the anxieties of
Pregnancy and Birth Survey respondents who were judged to need
consultation and support by having midwives and public health
nurses provide consultation and support via telephone or email.
Target population deemed as requiring support
The target population consisted of respondents to the Pregnancy
and Birth Survey or Follow-up survey who were judged to need
consultation and support via telephone or email.
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Criteria for support
Support was provided for respondents who satisfied at least one
of the following criteria: 1) respondents who had two depressive
symptoms; 2) respondents who, based on their free-written
comments, appeared to be in a severely depressed mood, in need
of support for child rearing, expressed concern about radiation
exposure, complained of poor physical condition, or requested a
direct substantial response or support. The same criteria were
applied in follow-up surveys.
Support methods
After receiving the returned survey forms from the respondents,
the responses are promptly checked and those who need support
are identified. Midwives and public health nurses from the
Radiation Medical Science Center for the Fukushima Health
Management Survey provide counseling and support by phone
sequentially. The support systems for the Pregnancy and Birth
Survey and the Follow-up survey are similar. However, because
of the difference in age of the children to be supported, support
staff in the Pregnancy and Birth Survey received training on child
growth and development, as well as care methods from birth to
1 year of age, before providing support. In the follow-up survey,
the child was 4 years old, so the support staff received training on
the developmental stages and challenges of 4-year-old children
before providing support. In the primary survey, midwives
provided the main support, while in the follow-up survey, the
support provided by midwives was supplemented by clinical
psychologists, who provided specialized support for develop-
mental disorders, psychological problems, and other issues.

In addition, a dedicated email address and a phone line for the
survey are available for the respondents themselves to request a
consultation. When a case requiring a more specialized response
is identified through support by phone or email, the case is
referred to specialized physicians or psychologists. For women
for whom local support is found to be necessary, requests are
made to the municipality where they reside to ask for further
responses (Figure 1).

Ethical considerations
The ethics committee of Fukushima Medical University approved

this study (No. 1317, 2333). The aims of the survey were detailed
in a cover letter that was attached to the questionnaires sent to all
the participants. By responding to the survey, participants were
considered to have consented to participation in the study.

RESULTS

Pregnancy and Birth Survey (survey after childbirth)
Survey results
Number of survey targets, number of responses, and response
rate
In FY 2011, there were 16,001 survey targets, but in FY 2012,
the number decreased substantially. In FY 2013, the target
population recovered, but has been on a downward trend ever
since. This trend is similar to that of the birth rate in the national
survey. The response rate was highest in FY 2011 at 58.2% but
has been consistent at around 50% ever since (Figure 2).13 The
total number of responses from FY 2011–2018 was 58,344, and
the response rate was 50.3%.

Although the proportion of respondents reporting depressive
symptoms was highest in FY 2011 at 27.1%, this had declined to
18.4% in FY 2018, showing a clear downward trend over the
years (Figure 3).13 The overall depressive symptom rate for 8
years was 23.3%. To compare this with the national data, the
estimated proportion of depression as measured by the EPDS
in this survey in FY 2013 was 12.6%, which is higher than the
8.4% reported in the national survey data in 2013. However, in
FY 2017, the estimated percentage of depression in this survey
was 11.1%, which was similar to the 9.8% proportion from the
national survey for the same year. The estimated percentage
of cases of depression for the entire 8 years was 12.1%. In an
analysis of the FY 2011 survey data (n = 8,196), the proportion
of respondents with singleton live births who reported depressive
symptoms was found to be 34.3% in the Sōsō coastal region near
the nuclear power plant, which was higher than that in the coastal
Iwaki region (24.2%), where radiation levels were relatively
lower, or in the mountainous Aizu region (21.8%), far from the
nuclear power plant. Moreover, it was found that, compared with
mothers who did not switch facilities where they were scheduled

Figure 1. Flow of telephone consultation and support
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to have antenatal checkups or deliver their babies, those who
switched to other facilities were 1.3 times more likely to
experience depression compared with those who did not switch.14

Furthermore, a higher proportion of depressive symptoms was
observed among mothers who experienced miscarriage (41%,
P < 0.01) or stillbirth (55%, P < 0.01) than among those who had
a live birth (28%).15 Even using data from FY 2011–2018, the
proportion of depressive symptoms in respondents who had a
miscarriage (34%, P < 0.001) or stillbirth (50%, P < 0.001) was
higher than in those who had a live birth (23%).

In the FY 2012 survey, the proportion of respondents
indicating that they were still living as evacuees was 7.7%, but
this decreased over the years to 1.7% by the time of the FY 2018
survey (FY 2012–2018, 4.3%). According to our analysis of the
2012 survey data, mothers who were issued a Maternal and Child
Health Handbook in evacuation zones were 1.37 times more

likely to experience depressive symptoms than those who lived
outside evacuation zones (P = 0.001), and mothers still living
as evacuees were 1.80 times more likely to be depressed than
those who had not evacuated (P < 0.001). In nuclear families in
particular, depressive symptoms were found in 55.1% of mothers
still living as evacuees and not communicating often with their
families, with whom they were not living together; this was
higher than the 29.1% of mothers communicating often with their
families with whom they were not living together (P = 0.002).16

In the analysis using data from FY 2012–2018, the percentage
of mothers with depressive symptom among those who were
still living as evacuees and often communicated with family
members who lived elsewhere was 25.8%, compared with 51.7%
for mothers who were still living as evacuees but were not
communicating often with family members who lived elsewhere.
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Figure 2. Number of survey targets, number of responses, and response rate (survey after childbirth)

a Survey data (Converted to EPDS) Paper used for calculation Mishina H, et al. Pediatr Int. 2009; 51: 48. 
b National data (Healthy Parents and Children project in Japan): Edinburgh Postnatal Depression Scale (EPDS) 
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Figure 3. Proportion of maternal depressive symptoms (survey after childbirth)
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Maternal confidence
The percentage of mothers answering that they were not confident
in child rearing ranged from 15.4% to 18.1% over the 7 years from
FY 2012 to FY 2018, which did not indicate a significant
change.13 The percentage of mothers who reported a lack of
maternal confidence for the 7-year period FY 2012–2018 was
17.3%. In an analysis conducted using survey data from FY 2012/
2013, it was found that, although depressive symptoms were
associated with evacuation status and concerns about radiation,
these were not associated with a lack of maternal confidence.17

In the data for the 7-year period FY 2012–2018, depressive
symptoms were associated with evacuation status, but evacuation
status was not associated with a lack of maternal confidence. There
was a significant association between maternal confidence and
depressive symptoms (Chi-square test, P < 0.001).
Feeding methods
In the questionnaire item concerning feeding methods before
starting solids (FY 2011–2013), the proportion of mothers who
answered breast milk only was 30.4% in 2011, 35.2% in 2012,
and 36.6% in 2013, showing an increasing trend. In an analysis
of survey data from FY 2011, the proportion of mothers who
reported using baby formula (powdered milk) due to anxieties
over radioactive contamination was 1.3 times higher (95%
confidence interval [CI], 1.02–1.58) among mothers in evacuation
zones compared with those outside evacuation zones, and was
1.3 times higher (95% CI, 1.09–1.57) among mothers who did not
receive antenatal checkups as scheduled compared with those
who did.18 In addition, to compare the coastal Sōsō region,
which was strongly impacted by the nuclear accident, with the
mountainous Aizu region, which was less affected, we divided the
period from the occurrence of the disaster (March 11, 2011) to
April 4, 2012 into four segments and found a tendency for the
proportion of mothers answering baby formula only to increase
over time (7.9%, 10.1%, 13.0%, 15.5%; P < 0.05). However, no
differences were observed in terms of the growth of children at
the time of the 1-month child health checkup.19

Pregnancy intention
The questionnaire item about intentions to have another baby
were included in the survey starting in FY 2012. Although the
percentage of mothers who answered that they were concerned
about the effects of radiation as a reason for not wanting to have
another pregnancy was 14.8% in 2012, this proportion trended
downward over time, reaching 0.5% in FY 2018.13 For the 7-year
period FY 2012–2018, this proportion was 4.1%. In an analysis
using survey data from FY 2012–2014, it was found that although
the proportion of multipara who wanted to have another baby had

increased, the proportion of primipara who wished to do so was
lower in 2013. This lack of intention was associated with using
baby formula due to radiation concerns.20

Free comments
The highest proportion of free comments related to “concerns
about the effects of radiation on the fetus or infant” was found in
the FY 2011 survey (29.6%), but this had declined to 21.8% by
the time of the FY 2018 survey. In contrast, a greater proportion
of comments such as “request for improved parenting support
services” and “consultation regarding child rearing” were
observed starting in FY 2014 (see Table 1). In an analysis of
survey data from FY 2011–2013, compared with respondents
who did not write any free comments, the proportion of mothers
who did were more likely to be at least 30 years old (61.5% wrote
comments vs 54.4% who did not in FY 2011, 64.8% vs 57.4% in
FY 2012, and 68.5% vs 60.8% in FY 2013; P < 0.001 for all
items) and have depressive symptoms (34.8% wrote comments vs
22.1% who did not in FY 2011, 33.7% vs 23.0% in FY 2012, and
37.2% vs 22.7% in FY 2013; P < 0.001 for all items). Moreover,
the main contents of the free comments shifted over time from
radiation-related problems to complaints about their own poor
physical and mental health.21

Support results
Number of respondents requiring support
Every year, telephone support was provided to nearly 1,000
respondents. The proportion of those receiving telephone support
was 15.0% in FY 2011, but this had decreased to 10.7% by FY
2018. For the 8-year period FY 2011–2018, this proportion was
13.4%. Although the proportion of support based on the content
of the free comments has been expanding, the overall proportion
of support requirements is trending downward (Figure 4).
Characteristics of mothers who required telephone counseling
The proportion of support-requiring mothers who had depressive
symptoms was 9.2% for the 8-year period FY 2011–2018, but
this decreased by almost half, from 13.1% in FY 2011 to 6.4%
in FY 2018 (Figure 4). In an analysis of survey data from FY
2011, depressive symptoms accounted for 87.3% of the reasons
for requiring telephone support. It was found that mothers who
needed telephone support were significantly more likely than
those who did not to be in evacuation zones (16.2% vs 11.8%;
P < 0.001), to be unable to continue antenatal care (24.0% vs
18.1%; P < 0.001), to have bottle-fed because of radiation
concerns (21.8% vs 12.4%; P < 0.001), to be primiparous
(32.9% vs 26.5%; P < 0.001), to have had a cesarean section
(23.2% vs 19.4%; P < 0.01), or to have given birth to a child with
congenital anomalies (4.6% vs 2.3%; P < 0.001).22

Table 1. Top three codes for mothers’ free comments

Number 1 Number 2 Number 3

FY 2011 Radiation effect on fetus and infant Information provision including survey results Breast feeding and infant formula

FY 2012 Radiation effect on fetus and infant Information provision including survey results Complaints and suggestions about this survey

FY 2013 Complaints and suggestions about this survey Radiation effect on fetus and infant Mental and physical disorders

FY 2014 Improvement of childcare support Child rearing counseling Radiation effect on fetus and infant

FY 2015 Child rearing counseling Improvement of childcare support Improvement of medical services and physical care

FY 2016 Child rearing counseling Improvement of childcare support Mental and physical disorders

FY 2017 Child rearing counseling Improvement of childcare support Mental and physical disorders

FY 2018 Improvement of childcare support Child rearing counseling Mental and physical disorders

FY, fiscal year.
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Consultation contents
The primary contents of telephone consultations were “physical
and mental health of mothers,” “child-rearing (life with
children),” and “physical and mental health of children,” which
accounted for 43.6%, 34.7%, and 15.1%, respectively, of the total
for FY 2011–2018. The proportion of the primary contents of
telephone consultations shifted over the years. In FY 2011, in
the immediate aftermath of the disaster, the most frequent
consultation was related to “concerns about radiation effects”
(29.2%), but this topic declined over the years to just 3.4% in FY
2018. Since FY 2012, a large proportion of consultations have
focused on the “physical and mental health of mothers” and
“child-rearing (life with children)” (Figure 5).

Follow-up survey at 4 years after childbirth
Survey results
Number of survey targets, number of responses, and response
rate
Although the response rate to the follow-up survey was 35.2% for
the FY 2011 follow-up, which was lower than that of the primary
survey, this increased to 46.2% for the FY 2014 follow-up, which
was higher than that in the primary year (Figure 6). The total
response rate for the FY 2011–2014 follow-up surveys was 40.9%.
Maternal depressive symptoms
The proportion of mothers who were found to have depressive
symptoms in the 4-year follow-up survey was generally lower
than in the primary survey (FY 2011, primary 27.1%, follow-up
25.6%; FY 2012, primary 25.5%, follow-up 25.7%; FY 2013,
primary 24.5%, follow-up 23.5%; FY 2014, primary 23.4%,
follow-up 22.5%; FY 2011–2014 primary 25.3%, follow-up
24.2%). This proportion has shown a downward trend over the
years. However, it was found that depressive symptoms were
higher among respondents to the follow-up survey than among
respondents to the primary survey in the same year (FY 2011

follow-up, 25.6% vs FY 2015 primary, 22.0%; FY 2012 follow-
up, 25.7% vs FY 2016 primary, 21.1%; FY 2013 follow-up,
24.5% vs FY 2017 primary, 20.7%; FY 2014 follow-up, 22.5% vs
FY 2018 primary, 18.4%). Mothers who gave birth immediately
after the disaster showed a tendency to still be depressed even
after 4 years (Figure 7).
Maternal confidence
Since 2012, we have asked questions about maternal confidence
in child rearing, as in the primary survey. The proportion of
mothers who reported lacking confidence was found to be almost
the same in the follow-up survey as in the primary survey 4 years
earlier (FY 2012 follow-up, 18.2% vs primary, 15.4%; FY 2013
follow-up, 16.7% vs primary, 17.5%; FY 2014 follow-up, 17.7%
vs primary, 16.6%; FY 2012–2014 follow-up, 18.8% vs primary,
18.3%).23

Anxiety about radiation effects
Although the proportion of respondents who checked one or more
of the six items concerning anxiety about the effects of radiation
was 94% in the follow-up to the FY 2011 survey, this gradually
decreased to 85% in the follow-up to the FY 2014 survey (FY
2011–2014 follow-up, 89%). The most commonly checked item
was “child’s health.” While the proportions of concerns about
the child’s outdoor play, water, food, and the child’s health have
been decreasing sharply, concerns about genetic influences have
been decreasing slowly. Of note, concerns about the stigma of
radiation exposure have not changed much (Figure 8). In an
analysis of data from the follow-up to the FY 2011 survey, 41.2%
of mothers felt anxiety due to prejudice and discrimination
associated with exposure to radiation. Such concerns were found
to be significantly associated with maternal age at the time of
pregnancy (adjusted odds ratio [aOR] 1.03, P = 0.001),
depressive symptoms (aOR 1.34, P = 0.024), not attending
antenatal care as scheduled (aOR 1.40, P = 0.003), and post-
quake illness (aOR 1.36, P = 0.006).24

Counseling for depression: for those who answered "yes” to of the items “I feel depressed” and “I have lost interest in activities.” Counseling
required rate = number of respondents requiring counseling / the total number of respondents
a In 2012, the scope of counseling was expanded to cover free comments with the aim of supporting more mothers.
b In cases in which both the depression item and the free comments were applicable, such cases were counted as counseling for depression.
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Mothers’ anxiety about their children
The proportion of respondents who checked at least one item
related to concerns about their children were 70.8% in the follow-
up to the FY 2011 survey, 66.9% in the FY 2012 follow-up,
61.2% in the FY 2013 follow-up, and 63.4% in the FY 2014
follow-up (FY 2011–2014 follow-up, 65.4%). “Physical and
mental development” and “diseases” ranked highly as specific
concerns. Although the proportion of respondents concerned
about “physical and mental development” did not change
significantly (56.1% in the follow-up to the FY 2011 survey,
56.9% in the FY 2012 follow-up, 57.4% in the FY 2013 follow-

up, and 56.9% in the FY 2014 follow-up), those concerned
about “diseases” were found to decline over time (57.6% in the
follow-up to the FY 2011 survey, 45.5% in the FY 2012 follow-
up, 40.4% in the FY 2013 follow-up, and 38.7% in the FY 2014
follow-up).23

Free comments
The proportion of respondents who wrote comments in the free
comment section was highest in the follow-up to the FY 2011
survey (15.0%). Thereafter, a declining trend was observed over
time, to 9.2% in the FY 2012 follow-up, 7.7% in the FY 2013
follow-up, and 7.3% in the FY 2014 follow-up. When the contents

a Pregnancy Survey Report info., multiple consultation items per person
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of the comments were categorized, it was found that although
“concerns about the effects of radiation on the fetus or infant”were
most common in the follow-up to the FY 2011 survey (13.8%), a
declining trend was observed over time, to 12.4% in the FY 2012
follow-up, 11.5% in the FY 2013 follow-up, and 7.1% in the FY
2014 follow-up. The most common and second-most common
contents in the free comment section from the FY 2012 follow-up
to the FY 2014 follow-up were “positive comments about this
survey” and “opinions or complaints about this survey.”
Support results
Number of mothers requiring support
In the follow-up surveys, the proportion of support-requiring
mothers according to depressive symptoms showed a declining
trend, from 11.7% in the FY 2011 follow-up to 10.3% in the FY
2012 follow-up, 10.2% in the FY 2013 follow-up, and 9.7% in the
FY 2014 follow-up (FY 2011–2014 follow-up, 10.5%). After the
follow-up to the FY 2013 survey, support began to be provided to
mothers who wrote specific concerns in spaces other than the free
comment section (Figure 9).
Consultation contents
In the follow-up surveys, “complaints about their own poor physi-
cal and mental health” consistently ranked highest from the FY
2011 follow-up to the FY 2014 follow-up, whereas the proportion
of consultations for “concerns about the effects of radiation” has
declined over time (Figure 10) (FY 2011–2014 follow-up, 15.1%).

DISCUSSION

Changes over time in maternal depressive symp-
toms (survey after childbirth)
In the primary survey for FY 2011, the proportion of respondents
reporting depressive symptoms (a total score of 9 or greater when
converted to the EPDS) was 13.6%. One of studies conducted by
the Ministry of the Environment as part of the Japan Environment
and Children’s Study compared mental health among mothers in
Fukushima Prefecture with those in 13 other prefectures across
Japan that were not affected by the 2011 disaster. Based on this,
it was found that 16.1% of mothers had depressive symptoms
(a total score of 9 or more when on the EPDS) in FY 2011 in
Fukushima Prefecture compared with 11.5% of mothers in other
prefectures.25 Because there have been no studies comparing
Miyagi, Iwate, and Fukushima—three prefectures with different
degrees of damages caused by tsunami, earthquake, and the
nuclear accident—we cannot estimate differences in impacts on
maternal mental health according to the type of disaster.
Nevertheless, according to a FY 2011 survey conducted in
Miyagi and Iwate Prefectures, which were heavily affected by the
earthquake and tsunami and somewhat affected by the nuclear
accident, the proportion of mothers with an EPDS score of 9 or
more was between 21.3% and 21.5%.26–28 In Iwate Prefecture, it
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was reported that although the proportion of mothers with EPDS
scores of 9 or more prior to the disaster had been 9.9%, this value
was 31.4% among those who gave birth within 3 months of the
disaster.29 Evidence from the 2011 disaster indicates that the
proportion of depressive symptoms among mothers rose sharply
in affected areas, especially in its immediate aftermath.

In the wake of Hurricane Katrina in the United States in 2005
as well as the 1988 earthquake in Armenia, the proportion of
mothers who screened positive for postpartum depression on
the EPDS ranged from 13% to 28%.30–34 These reports showed
that mothers affected by disaster often experienced postpartum
depression, regardless of the type of disaster. Harville et al1

reported in 2010 that they had searched publications published in
the previous 10 years that more broadly covered the effects of
disaster on perinatal health. Their work included terrorist attacks,
environmental and chemical disasters, and natural disasters, and

found that severity of exposure was a major predictor of mental
health issues among postpartum women.

Although mothers with depressive symptoms accounted for
a higher proportion of those with anxiety about the effects of
radiation on their children, it is encouraging that the proportion
of free comments regarding the effects of radiation on their
child decreased significantly over time along with a reduction of
depressive symptoms. Similar to these trends, previous studies
on the counseling records of mothers with young children in
the relatively radioactive contaminated area of Fukushima City
revealed that a lack of maternal confidence, which was associated
with risk perception toward radiation exposure, increased in the
disaster year but decreased the year after.35 In the Mental Health
and Lifestyle Survey, which is section of the FHMS targeting
residents living in evacuation zones, psychological distress was
measured longitudinally using the Kessler Screening Scale for

a In FY2012, based on responses in the free comment section, the scope of support we expanded in order to provide support to more mothers.
b Where either one of the depression items or the free comment applies, values are based on the number of people requiring support for depression.
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a Pregnancy Survey Report info., input methods were changed starting with the 2013 Follow-up survey (form, personnel). There
were multiple consultation items per person.
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Psychological Distress. In this 7-year survey, a gradual improve-
ment was observed,36 which is consistent with the results of our
own survey. However, even 7 years after the disaster, the
proportion of individuals exhibiting depressive symptoms in
evacuation zones remained higher than in other areas, indicating
the possibility that anxieties about radiation may persist for a long
time. Accordingly, we believe that mental health monitoring and
support were still needed by mothers living in evacuation zones.

Associated factors of maternal depressive symptoms
Existing data from the FHMS showed that factors related to
depressive symptoms included living in evacuation zones near
the nuclear power plant, remaining in a state of evacuation, and
unplanned switching of obstetrical facilities. Risk factors for
poor mental health reported in other studies included destruction
of homes, exposure to the tsunami, loss of employment, and
dissatisfaction with one’s living conditions.26–29 Severity of disaster
exposure is another factor associated with depressive symptoms, as
reported in overseas studies. According to a review by Harville
et al,1 severity of exposure to a disaster is a major predictor of
mental health problems in postpartum women. For example, the
proportion of mothers with depressive symptoms, as defined by the
EPDS, was 28.7% for tsunami survivors, 23.9% for evacuees, and
25.6% for those without a job.28,37 In addition, data from both FY
2012 and the 7-year period FY 2012–2018 showed that mothers
who communicated with their families during the evacuation had
lower depressive symptoms than those who did not. Therefore,
cooperation among communities is needed so that mothers can
communicate with their families even during an evacuation.

Well-known factors frequently associated with postpartum
depression in a normal setting, both in Japan and overseas,
include obstetrical history22,38 (eg, maternal age,28,31 first
delivery, miscarriage and stillbirth,15 cesarean section, and
presence of congenital anomalies in the child), as well as
economic status,27,32,34,38,39 partner support,30,33,40 family relation-
ships,38 lack of childcare support,27 negative feelings toward
pregnancy,25 and a lack of maternal affection toward their
child.25,38 Miscarriage and stillbirth were shown to be associated
with depressive symptoms both in the primary survey for FY
2011,15 and in the 8-year period FY 2011–2018. This suggests
that the results of this previous study were applicable to the whole
study period. In the survey data from FY 2012/2013, disaster-
related factors (evacuation, radiation anxiety) were associated
with depressive symptoms but not with maternal confidence,17

and the same results were obtained for the 7-year period FY
2012–2018. Maternal confidence and depression tended to be
associated with each other, but each had different associations
with disaster impacts, as seen in the present study. More
precisely, maternal confidence was not affected by disaster-
related stressors, indicating resilience in parenting. On the other
hand, we confirmed that mothers’ experiences and concerns in the
aftermath of nuclear disaster were associated with depressive
symptoms, highlighting the importance of recognizing mothers as
strong actors during recovery from a disaster and, at the same
time, recognizing their need for continuous mental support.

In the FHMS, depressive symptoms were further associated
with increased use of baby formula and decreased desire to have
another baby. A prospective cohort study conducted after
Hurricane Katrina reported that maternal mental health influenced
the child’s temperament.31 In the aftermath of environmental
disasters worldwide, there has been concern regarding maternal

mental health and the negative impacts on child development.1

After the 1986 Chernobyl disaster in Ukraine, the pregnancy
period was shortened in women with mental and physical
anxiety.41 There was also an increase in speech and emotional
disorders in children due to adjustment disorders associated with
parental anxiety.42 Women, especially those caring for young
children, are one of the groups at the highest risk of mental and
physical health problems.1 Mothers affected by a disaster need
appropriate support because of the expected long-term effects on
the child as well as themselves.

Changes over time in maternal depressive symp-
toms (follow-up survey at 4 years after childbirth)
In the follow-up surveys, it was found that the proportion of
mothers with depressive symptoms in the fourth year after
delivery had decreased. However, given that the proportion of
mothers harboring anxiety about radiation was higher in the FY
2011 follow-up than in the FY 2014 follow-up, it seemed that
post-disaster psychological impacts persisted, especially among
mothers who delivered immediately after disaster. The 20th
anniversary report of the Chernobyl Forum indicated that many
people who were exposed to radiation at the time of the accident
continued to have a high proportion of depression and post-
traumatic stress disorder 20 years later.2

Mothers are most concerned about their children’s health.
However, with the passage of time, anxiety about radiation is
gradually decreasing as mothers observe that their children’s
health status has not been altered because of the nuclear accident.
In contrast, anxieties about prejudicial attitudes have not abated.
Immigrants who left Russia due to the effects of Chernobyl
nuclear accident were more likely to experience a sense of
prejudice compared with those who left for other reasons.43

In addition, in the Fukushima Mental Health and Lifestyle
Survey, which targeted residents in evacuation zones, the
proportion of respondents who felt that “the possibility is very
high” with respect to the late health effects or genetic effects of
radiation decreased, but the proportion of those who felt that “the
possibility is high” did not.36 Difficulty remains for alleviating
people’s concerns toward an uncertain risk factor and stigma.

Support system
Mothers receiving telephone counseling in our survey were
more likely to be first-time mothers, use baby formula due to
anxieties over radiation, live in evacuation zones, and experience
unforeseen circumstances, such as not being able to attend
antenatal checkups as scheduled in the aftermath of the disaster.
During pregnancy, women experience physical and psychological
changes, making them more vulnerable to disasters. According to
intervention research conducted overseas, a study on Hurricane
Isaac implemented a needs assessment toolkit (Reproductive
Health Assessment After Disasters Toolkit) and reported the
importance of providing comprehensive disaster management in
order to reduce fragmentation in health care systems.44 Another
study after Hurricane Katrina described the common practice of
complementary alternative therapy.45 Even at the time of the crisis,
support is required for well-known high-risk factors, such as first-
time pregnancies, cesarean sections, and congenital anomalies in
the child. An Australian study conducted after a flood disaster
reported the potential positive impacts of continuous care by
an assigned midwife.46 After Hurricane Katrina, New Orleans
Healthy Start, a safety-net community program for mothers
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socially at risk, provided social services, education, and referrals
to families in need.47 Therefore, we recommend implementation
of comprehensive needs assessment (eg, Reproductive Health
Assessment After Disaster Toolkit), and correspondingly,
provision of comprehensive support (eg, Healthy Start) and
continuous professional care (eg, midwifery group practice care).
Forms of support that are required include inter-regional
collaboration, assessment of the needs of individuals by medical
professionals, provision of accurate information to reduce
radiation anxiety, routine care for expectant and nursing mothers,
and provision of childcare consultations to restore a sense of
normalcy in extraordinary situations. The contents of telephone
consultations over the 8-year period FY 2011–2018 included
consultations on not only “concerns about radiation effects” but
also “physical and mental health of mothers,” “child-rearing (life
with children),” and “physical and mental health of children”.
Ordinary care was also considered to be important following a
disaster. Unfortunately, in this study, we did not evaluate whether
the mental health situation of the mothers who received the
support improved or not. However, this support system enabled us
to provide support to a wide range of mothers who may not have
been able to seek support on their own, because the support staff
telephoned those who were prone to depression. In addition, with
the consent of the subject, their information was provided to the
local government official where the subject lived, which enabled
us to refer them with more careful support.

Limitations and future tasks of the Pregnancy and
Birth Survey
There were two major limitations of the present study. First,
because the response rate in this survey was only about half, its
findings cannot be said to reflect the circumstances of mothers
with small children in Fukushima Prefecture as a whole. Second,
some well-known factors of postpartum depression, including
socioeconomic and support network factors, were not included in
the survey questionnaires of the present study. The implications
for future crisis management include the need for more detailed
consideration of disaster exposure and household conditions
when planning post-disaster epidemiological studies. The
strengths of this study lie in the fact that this research offers a
rare example of a survey that has investigated the impact of
radiation exposure of an extended time scale of 10 years, as well
as its use of a follow-up survey 4 years later.

Conclusion
The findings of our prefecture-wide study have shown that
mothers in Fukushima were likely to experience depression in the
immediate aftermath of the Great East Japan Earthquake, and the
prevalence was higher than in the national data or in unaffected
areas. On a positive note, this tendency has decreased over time.
Mothers who gave birth soon after the disaster were more likely
to continue to have depression 4 years later compared with
women who gave birth that year. This finding suggests the
possibility of a lasting impact of the disaster on the mental health
of women who were expectant or nursing mothers at the time.
Accordingly, continuous support is necessary for mothers who
gave birth in the immediate aftermath of the disaster.
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