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Abstract This study explores the correlation between the
impact of the Great East Japan Earthquake and the incidence
of postpartum depression in Miyagi prefecture, Japan. The
design used was a cross-sectional study with self-administered
questionnaires, 6~9 months after the disaster. The results
showed the prevalence of postnatal women with Edinburgh
Postnatal Depression Scale (EPDS) score of 29 to be 21.3 %.
Multivariate analysis showed that exposure to tsunami (odds
ratio, 1.80; 95 % confidence interval, 1.16-2.78) was signif-
icantly and independently associated with an EPDS score of
>9. Postnatal women and their children should be treated as a
vulnerable population, and a protective framework must be
established to prepare for future devastating disasters.
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Introduction

Miyagi prefecture is located on the eastern coast of Japan.
Following the Great East Japan Earthquake and Tsunami on
March 11, 2011, approximately 12,000 people died or went
missing, and more than 460,000 houses and buildings were
completely or partially destroyed. Previous studies have ad-
dressed that maternal mental health (such as perinatal depres-
sion) can be influenced by the devastation caused by a natural
disaster (Harville et al. 2009). Perinatal depression affects
postnatal women’s health and may impact not only the new-
born infant’s quality of care but also the subsequent growth
and development of the women’s children. In the present
study, we examined the Edinburgh Postnatal Depression
Scale (EPDS) for postpartum depression and its risk factors
(Cox et al. 1987) to assess the Great East Japan Earthquake’s
influence on perinatal women’s mental health in Miyagi
prefecture.

Materials and method
Study subjects

The study design was cross sectional. Participants were re-
cruited from 15 hospitals and 11 clinics in the coastal area of
Miyagi prefecture. They delivered between February 1, 2011,
and October 31, 2011, and their homes were destroyed by the
tsunami. From September 1 to November 30, 2011, the
study’s explanatory leaflet and the agreement document were
delivered by mail to 3539 postpartum women. The self-
administered questionnaires went to 683 participants, who
had agreed with the study, and 677 questionnaires were
returned. The Ethics Committee of the Tohoku University
Graduate School of Medicine approved this study on June
27,2011 (Number 2011-103).
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Fig. 1 The prevalence of
postpartum women with an EPDS
score of >9 in each month after
delivery (n=633). Participants
who delivered between February
1, 2011 and October 31, 2011.
The study questionnaires were
returned from September 1, 2011
to November 30, 2011
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Data collection

We collected the data from the self-administered question-
naires. The cutoff score of EPDS among the Japanese popu-
lation is 9, which is considered to represent a significant risk
factor for postpartum depression (Okano et al. 1996).

Analysis

Both the percentage of women with an EPDS score of >9 and
the univariate analysis of their backgrounds were analyzed.
Student’s ¢ test, the chi-square test, and Fisher’s test were used
where appropriate for statistical analysis.

Multivariate logistic regression analyses were performed
after adjusting for variables significantly associated with an
EPDS score of >9 in a univariate analysis and the traditional
risk factors for postpartum depression, including age, primip-
arous status, obstetric complications during pregnancy, em-
ployment, and death of loved ones. Adjusted odds ratios
(ORs) and 95 % confidence intervals (Cls) were calculated
to estimate the risk of an EPDS score of >9. All statistical
analyses were performed using SAS ver. 9.3 statistical soft-
ware (SAS Institute Inc., Cary, NC, USA).

Results

The questionnaires were returned from 677 participants, of
which 633 were eligible for analysis. The prevalence of post-
partum women with an EPDS score of 29 was 21.3 %.
Figure 1 shows the prevalence of postpartum women with
an EPDS score of >9 each month after delivery. Univariate
analysis showed that age below 25 years (P=0.0153), obstet-
ric complications during pregnancy (P=0.03), baby’s birth
weight under 2500 g (P=0.0117), destruction of the home
(P=0.0335), and exposure to the tsunami (P=0.0016) were
significantly different between women with an EPDS score
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10 -

5 -

U B BN BN BN B BN B
S1im 2m 3m am 5m 6m 7m

8m Sm 10-1im

Term of postpartum (month)

of 29 and those with a score of <9. Multivariate analysis
showed that age below 25 years (OR, 2.539; 95 % CI, 1.15-
5.60), baby’s birth weight under 2500 g (OR, 2.28; 95 % CI,
1.27-4.09), and exposure to the tsunami (OR, 1.80; 95 % CIJ,
1.16-2.78) were significantly and independently associated
with an EPDS score of >9 (Table 1).

Discussion

In this study, the prevalence of postnatal women with an
EPDS score of 29 was 21.3 %. A previous large population
study on Japanese women with postnatal depression reported
that 13.9 % of women had an EPDS score of >9 (Suzumiya
et al. 2004). Our results indicated that postnatal women in
Miyagi prefecture’s coastal area had a remarkably higher
prevalence of EPDS score of >9 after the disaster.

Table 1 Multivariate Jogistic regression analyses for postpartum women
with an EPDS score of >9

Odd 95 % confidence
ratio  interval

Age
>35 years 1.00
30-34 years 1.213 0.725-2.031
25-29 years 1.723  0.994-2.987
<25 years 2.539 1.151-5.599

1.371 0.848-2.217
1.464 0.978-2.192

Multipara (primipara=0)

No employment (employment=0)
Postpartum 6~11 months (<5 month=0) 1.161 0.776-1.736
Birth weight <2500 g (>2500 g=0) 2278 1269-4.091
Temporary dwelling or refuge (own house=0) 1.486 0.686-3.217

Exposure to the tsunami (no exposure=0) 1.795 1.157-2.784

Adjusted by postpartum depression, including age, primiparous status,
obstetric complications during pregnancy, employment, and death of
loved ones
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As demonstrated in Fig. 1, the prevalence of a high-risk
group for postpartum depression did not exhibit any correla-
tions with the time interval after delivery. These results might
suggest that postpartum women have been under chronically
stressful conditions even 6 months after the disaster. Further
investigations are needed to clarify the precise factors corre-
lated to their situations.

With regard to the risk factors for perinatal depression
related to the disaster, previous studies found that exposure
to the storm (Xiong et al. 2010), loss of resources (Ehrlich
et al. 2010), high earthquake exposure (Qu et al. 2012), and
anxiety about earthquakes (Hibino et al. 2009) were more
likely to cause depression in pregnant and postnatal women
affected by natural disasters. In the present study, we found
that exposure to the tsunami was a significant risk factor for
postnatal depression. The tsunami disaster was totally unex-
pected for this vulnerable population; therefore, psychological
trauma was much more severe than in previous natural disas-
ters. Interventions of medical and mental care should be
carried out immediately to prevent deterioration of maternal
pathologic conditions and to observe newborns’ development
closely.

Study limitations

This study has some limitations. It was a cross-sectional study
with possible self-report bias, so determining causal relation-
ships was not possible. The prevalence of participants was
low, so there was bias toward convenience sampling, and the
results may not be applicable to all perinatal women in Miyagi
prefecture’s disaster-affected communities.

Conclusions

In conclusion, the prevalence of postnatal women with an
Edinburgh Postnatal Depression Scale (EPDS) score of >9
was 21.3 % around 6 months after the disaster. Exposure to the
tsunami was more likely to cause postnatal depression in
postnatal women. Postnatal women and their children should

be treated as a vulnerable population, and a further protective
framework is necessary to establish preparedness for future
devastating disasters.
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Introduction

On March 11, 2011, a massive undersea earthquake and
subsequent tsunami struck East Japan. With a Richter-scale
magnitude of 9.0, the Great East Japan Earthquake was one of the
most powerful earthquakes on record and the largest to hit Japan.
As of September 2013, the Fire and Disaster Management Agency
reported 18,703 deaths, 2,674 missing, and 6,220 injured as a
result of the disaster [1]. The most severely affected area was
located on the Pacific Ocean side of northeast Japan, encom-
passing Iwate, Miyagi, and Fukushima prefectures, with 21,262

PLOS ONE | www.plosone.org

casualties (18,592 deaths and 2,670 people missing) [1]. Further-
more, 1,706 children lost a parent in the disaster [2].

Several studies have reported the impact of natural disasters on
children’s mental health, including studies on the 1995 Hanshin-
Awaji earthquake in Japan [3-3], the 1999 Marmara earthquake
in Turkey [6-11], the 2004 Indian Ocean carthquake and tsunami
[12-17], Hurricane Katrina in the USA in 2005 [18-21], and the
2008 Sichuan earthquake in China [22--25]. Interestingly, most of
these previous studies focused on posttraumatic stress disorder
(PTSD) or depression as mental health outcomes among children,
and few studies investigated the impact of exposure to natural
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disasters on hehavior problems, especially in the preschool to pre-
adolescent age range. When a g mental health status among
young children after a natural disaster, it is diflicult to diagnose
PTSD or depression because young children’s vesponses might be
unreliable during the psychiatric interview. Instead, a caregiver’s
assessment of behavior using the Child Behavior Checklist (GBCL
is better suited to identify young children who need mental health

services alter a natural disaster, as the CBCL has valid cut-ofl

scores that identify clinically significant behavior problems. It has
been suggested that PTSD symptoms can be estimated by GBCL
[26], but the validity is arguable [27].

McLaughlin et al. reported that 2 years after Hurricane Katrina
approximately 15% of children aged 4 1o 17 years showed serious
emotional disturbances using  the  Swength  and  Difliculiies
Questionnaire, that is, emotional and behavioral problems that
causc significant impairment in role functioning [21]. Further, 3
years alter the disaster Lowe et al. assessed behavior problems
using the Behavioral Problems Index, which is based on the
CBCL, and reported that  hurricanc-related  stressors  were
indirectly associated with behavior problems [28]. Chemtob et al.
assessed the impact of the World Trade Center attack on the
mental health of preschool children using the CBCL, and reported
that 15-30% of preschool children who were exposed to high-
intensity traumatic events related to the World Trade Center
attack, such as wimessing the towers collapse, had behavioral
symptoms [29].

Morcover, as young children are exposed to multiple trauwma
experiences after a natural disaster, such as losing a home, parent
or friend; witnessing a tsunami or five; secing a dead body, or
experiencing restrictions on their lifestyle due to radiation, it
remains unclear which exposure is associated with which mental
disorder or behavior problem. Thienkrua et al. reported that after
the tsunami in Sumatra, extreme panic or fear was associated with
PTSD, whereas believing that one’s own or a family member’s life
had been in danger was associated with depression in children
aged 7 to 14 years in Thailand [12]. To the best of our knowledge,
no study has reported the association between specific trauma
experiences in a natural disaster and behavior problems among
preschool children, Further, there is a need to vestigate whether
trauma experiences that occurred before the Great East Japan
EBarthquake, such as the loss of a family member or separation
from a carcgiver, are associated with behavior problems among
children in the affected area, which may have no association in the
unalffected arca.

Thus, the purpose of this study is to investigate the association of

trauma experiences among  preschool children on  clinically
significant behavior problems 2 years after the Great East Japan
Earthquake.

Methods

Sample

We recruited affected children with a multistage sampling
method in Iwate, Miyagi, and Fukushima prefectures, which were
closest to the carthquake epicenter and affected by the tsunami
(Figure 1). First, we sclected municipalities within each prefecture
that were severely affected by the tsunami (coastal side) and
radiation caused by the nuclear power plant explosion in
Fukushima prefecture. Second, we invited preschools in the
sclected municipalities to participate. In Iwate prefecture, three
municipalities were selected, and four of 32 preschools agreed to
participate. In Miyagi prefecture, one municipality was selected,
and two of 16 preschools agreed to be involved. Further, in
Fukushima prefecture, four municipalities were selected and four
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ol 120 preschools agreed o participate. Third, we defined our
target sample as children who were enrolled in a class of 3- to 5-
year-olds in the fiscal year of 2010, that is, children who
experienced the carthquake on March 1, 2011, Then, from
September 2012 1o June 2013, principals or stafl of the preschools
asked the carcgivers ol the targeted children (N = 787) o0
participate in the study, Finally, the caregivers of 205 children
gave informed consent for their child to participate (consent rate:
26.0% of target children) and 178 children (Iwate, 59, Miyagi, 53,
Fukushima, 66} completed the questionnaire or interview (partic-
ipation rate: 87.3% of consented children; 170 completed the
questionnaire (95.5%) and 150 completed the interview (84.3%)).
Our solicitations o participate were largely refused due to the high
transience ol residents who had (o relocate to other arcas after the
carthquake, especially in Fukushima. Rescarch  coordinators
obtained written informed  consent from all participants. For
children, written informed consent was obtained from the child’s
parent or legal guardian, ‘The Research Fithics Committee at the
National Center for Child Health and Development approved this
stucly, including the informed consent procedure.

For comparison, we sclected Mie prefecture, which is located in
West Japan and was unharmed by the carthquake and tsunami on
March 11, 2011, Similar to the sampling strategy in the affected
area, two municipalitics were sclected in Mice prefecture, in which
one preschool agreed to participate. Children enrolled in the class
of 3- to H-year-olds in the fiscal year of 2010 were selected and
recruited, and 30 out of 220 cligible children participated in the
study (consent and participation rate: 13.6%). Two additional
communitics were sclected i the municipalities, and caregiver
consent to participate was obtained for 52 out of 608 ecligible
children (consent and participation rate: 8.6%), resulting in a
sample of 82 children from unaflected arcas (total consent and
participation rate: 9.9%).

Measurements

Trauma exposure related to the physical environment was
assessed via questionnaires administered from September 2012 (o
June 2013 (around 2 years after the earthquake). Trauma exposure
related to the physical environment included status of the home
(lost or completely damaged, partially damaged, or not damaged),
experience of staying at a shelter immediately after the earthquake,
living in temporary housing, evacuating to a relative’s house, and
family members living in separate places. We assessed these
exposures by asking, for example, “Did you stay at a shelter at the
time of the Great East Japan Earthquake?”, for which the response
items were “yes” or “no”.

Information on severe trauma exposure was collected through
mterviews by child psychiatrists or clinical psychologists, who were
blinded to the children’s psychopathological status. In defining
trauma exposure, we referred to a previous study assessing
children’s mental health [12] and the experiences reported in
the affected area of a tsunami. Severe trauma exposure assessed by
the semi-structured interview method included separation from
caregivers, loss of a close family member, loss of distant relatives or
friends, witnessing the tsunami waves, witnessing someone being
swept away by the tsunami, witnessing a fire, seeing a dead body,
hearing the sound of the nuclear power plant explosion, and
experiencing restrictions on their lifestyle due to radiation (e.g.
unable to play outside, drink tap water, or eat local food).

Caregivers were also asked questions using the Trauma Events
Screening Inventory (TESI-C), modified for use with preschool
children [29] and further adapted for use in Japan, inquiring
whether the child had experienced a wide range of traumatic
events, including the experience of a closc friend or family member
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Figure 1. Study sites and provinces affected by the Great East Japan Earthquake.
doi:10.1371/journal.pone.0109342.g001
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being involved in a serious accident, sullering from a serious illness
or dying; sell-injury or serious illness; separation from a caregiver;
assault, bullying, or other exposure to violence; and exposure to a
natural disaster.  Response items  included  “yes”, “no”, or
“unknown”, and only “yes” responses were coded as having the
actual experience.

Behavior problems were assessed with the GBCL, which targets
children aged 4 to 18 years, Ratings were completed by carcgivers
[30]. The T score of the CBCL internalizing, externalizing, and
total problem scores were caleulated using standardized distribu-
tion among Japanesce children, and a 'T" score over 63 was defined
as having clinically significant behavior problems [31].

Covariates, including the child’s age, sex, number of siblings,
parental age, cducation, and father’s occupation were collected via
questionnaire.

Analysis

First, the ciations between trauma exposure and behavior
problems were analyzed using a bivariate poisson regression model
because of the high prevalence of the outcome [32,33]. Further,
multivariate poisson regression using  significant variables in
bivariate regression was used to examine the independent
associations between trauma exposure variables and behavior
problems. Morcover, we analyzed the interaction effects between
exposure to other trauma before the earthquake and disaster
exposure for behavior problems. These analyses were implement-
ed primarily among children in the alfected arca, and for
comparison, the association between other trauma  exposure
before the earthquake and behavior problems was conducted
separately among children in the unaffected area. Stata MP 12 was
used for analysis.

Results

Table 1 shows the demographic characteristics of children and
their caregivers in the affected arca and the rate of clinically
significant behavior problems determined by the CBCL. Chil-
dren’s mean age was around 7 years, sex distribution was equal,
and approximately 22% had no siblings. In the unallected area,
caregivers who responded (mostly mothers) were older and more
highly educated compared to the affected arca. Overall, in the
affected area the clinical cut-ofl’ was exceeded for internalizing,
externalizing, and total behavior problems in 27.7% (95%
confidence interval [CI]: 20.9-34.4), 21.2% (95% CI. 15.0~
27.4), and 25.9% (95% CI: 19.2-32.5) of participants, respectively.
The rate of clinically significant behavior problems did not
significantly differ by prefecture, although children in Fukushima
showed lower rates.

Regarding the distribution of trauma experience, 157 children
(92.4%) experienced trauma events related to the Great East Japan
Earthquake, in which the mean number of trauma events was 3.23
(SD = 1.94, range 0-9). Morc specifically, the homes of about half
of the participants in the affected area were lost, completely
damaged, or partially damaged. In terms of traumatic events
revealed in the interviews, witnessing tsunami waves was the most
frequent (44%), followed by separation from caregivers (39%),
restrictions on their lifestyle due to radiation (28%), witnessing a
fire (21%), losing distant relatives or friends (18%), and losing a
close family member or relative (10%). Further, 45.9% experi-
enced a traumatic event before the earthquake, in which the mean
number of other trauma events before the earthquake was 0.74
(SD =0.98, range 0-4), mostly the death of a close friend or family
member (19.4%), a close friend or family member having a serious
illness (16.5%), and being separated from their caregiver (15.9%).
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ociations ol demographics and (rawmatic experience with
clinically significant internalizing behavior problems are shown in
Table 2. In our bivariate model, we found that the deaths of
clistant relatives or friends and other trauma experienced before
the carthquake showed significant association with  clinically
significant internalizing behavior problems {(47.6% vs. 20.2%,
rate ratio [RR]: 2,36, 95% CI: 1.10-5.07), and they remained
significant even in the multivariate model, which were mutually
adjusted. That is, the rate ratio suggests that children who lost
distant relatives or [riends were 2.22 times (95% CI: 1.034.78)
more likely to show dinically significant internalizing problems,
independent of other trauma experiences before the carthquake.
Similarly, children in the affected arca who experienced other
trauma belore the carthquake were 2.22 times (95% CI: 1.22-
4.07) more likely to show clinically significant internalizing
problems, regardless of trauma exposure related to the earthquake,
at 2 years alter the carthquake. The interaction cffect between
experience of other trauma before the carthquake and disaster
exposure was not observed {p for interaction term =0.502) for
internalizing problems, although 28 out of 73 (38.4%) children
who experienced both other trauma before the carthquake and
trauma related to the earthguake had internalizing problems. This
is a higher proportion compared to children who experienced
trauma related to the carthquake only and had no prior trauma
exposure (15 out of 84, 17.9%, p for chi-square =0.004). The
association between other trauma experiences and internalizing
problems was not found in the unaffected area (RR: 0.64, 95% CI:
0.07--5.73, data not shown).

In our bivariate model, no traumatic experiences related to the
carthquake were associated with externalizing problems, while
other trauma experiences before the earthquake were significantly
associated  (Table 3). In the multivariate model adjusted for
father’s occupation, which showed significant association with
externalizing problems in the bivariate model, children in the
affected arca who experienced other trauma before the carthquake
were 2,41 tmes (95% CL 1.16-4.99) more likely to show
externalizing behavior problems. The interaction clfect between
experience of other trauma before the carthquake and disaster
exposure was not observed (p for interaction term =0.296) for
externalizing problems, although 24 out of 75 (32.9%) children
who experienced both other trauma before the carthquake and
trauma related to the earthquake had externalizing problems. This
is a higher proportion compared to children exposed to disaster
trauma only (9 out of 84 (10.7%), p for chi-square =0.001). This
association was not found in the unaftected area (RR: 1.28, 95%
ClI: 0.32-5.12, data not shown).

Finally, the associations of CBCL clinically significant total
behavior problems with demographics and traumatic experiences
arc shown in Table 4. As with the results regarding externalizing
problems, no traumatic experiences related to the carthquake were
associated - with total behavior problems, while other trauma
cxperiences before the carthquake were significantly associated. In
the multivariate model adjusted for child age, which showed a
marginal association with total behavior problems in the bivariate
model, children in the affected area who experienced other trauma
before the earthquake were 2.98 times (95% CI: 1.53-5.81) more
likely to show total behavior problems. The interaction eflect
between experience of other trauma before the carthquake and
disaster exposure was not observed (p for interaction term =0.242)
for total behavior problems, although 31 out of 73 (42.5%) children
who experienced both other trauma before the carthquake and
trauma related to the earthquake had total behavior problems. This
is a higher proportion compared to children exposed to disaster
trauma only (10 out of 84 (11.9%), p for chi-square <0.001). This
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Table 1. Demographic characteristics, trauma exposure related to the Great East Japan Earthquake, other trauma events before
the earthquake, and clinically significant behavior problems among young children in the affected area 2 years after the
earthquake (N=170).

% or
Characteristics n or Mean sSD

Mean child 'age‘ink'yearS‘ - ] o . 90
| ' 23 ’ 135
-
B . o
84 o 49‘4
2+ siblings 48 ' 2'8'.2'

Child age group

Child sex

‘ ltsilSl\in‘g o

Mean caregiver age in yearsl 36.3 6.2
Céregiyer's edueatioh~~ o o Hrgh sch'ebl o'rkless - o - 79 o ' o 465

‘ Some college 69 ' ‘40.6
Colleger = o e e
Msssmg ‘ ‘ ‘2l 1.2 l

lfatlher’ls"GCcdpaflydhlbe‘f“ore “e'a‘rthquéke ; o Manual/Other/Unemployed - ‘ . 88

Non-manual 38 224

':’No response ’ " : r . - = 44 e - 259

Exposure to trauma events related to the Home lost or completely damaged 45 26.5
Great East Japan Earthquake

5y
294

200
56.5

r ; . i

Separatlon'from caregrver ' 54 31.8

' e

Lost distant relative or fnend ‘ ' 21 - 12.4 ‘

Home partially damaged

Stayed at shelter

- IL’ost close family member or 'rela‘tive -

'}Wltnessed tsunaml waves o -

Witnessed someone be|ng swept away by tsunaml - 11 6.5
o 2 dond bOdy‘ - e . , s 3; . . e ,
Expenenced restnctrons on lrfestyle due to radlatron o ' 32 188 -
Any o thes , L e
Number ofthese events - - ‘ l ' 323 o N 1'_94'

', ‘Wltnessed a ﬁre

: Heard ‘the souhdof nuclear pclw'e‘r;blantllexplosio‘n‘1"

vents

[ her trauma evenrs before the . :
Great East Japan Earthquake '

"ent in aserrous accrdent ... _~______ sy

Wltnessed a serious accident 0 Q

Attackecl by a dog or other anlmals i ;
Had a close friend or famrly member who had a serrous lllness 28 16.5
i Death of a close fnend or famrly member L st 330 ; 194

Visited hospital due to serious disease or rnjury, or underwent 15 8.8
a serious medlcal procedure or admrtted to hosprtal

Separated from acaregrver -
Expenenced sexual assault 0 0

Expenenced other crrmmal assault - l L o3 e .18
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association was not found in the unaffected area (RR: 1.03, 95% CI:
0.20-5.28, data not shown).

Discussion

We found that dclinically significant behavior problems were
reported in 26% of young children 2 years after the Great East
Japan Earthcquake. Interestingly, we observed that the rate of
internalizing problems {28%) was higher than the rate of
externalizing problems (21%) in the affected area. As internalized
problems arc less likely to be recognized compared to externalized
problems in this age group, these behavior problems may have
been underestimated during the 2 years [ollowing the carthquake.

To the best of owr knowledge, this is the first study to show the
rate of behavior problems using the CBCL among 5- to 8-year-old
children 2 years alter the Great East Japan Earthquake. The rate
of clinically significant behavior problems using the CBCL was
equivalent o findings from the study of preschool children
exposed to the World Trade Center attack, for which the rate was
15-30% for cach subscale of the CBCL [29]. McLaughlin et al.
reported that 2 years after Hurricane Katrina, 15% of children
aged 4 to 17 ycars had serious emotional disturbances (defined by
a combination of scores for conduct problems, hyperactivity-
inattention, emotional symptoms, peer problems, and symptom-
related impairment measured by the Strengths and Difficulties
Questionnaire) [21]. Furthermore, depression, which can be
considered an internalizing problem, was reported in 12% of
children aged 7 to 14 years who had been living for 9 months in
displacement camps after the 2004 Indian Ocean earthquake and
tsunami [12]. Although a simple comparison is not plausible
because of diflerences in age, ethnicity, type of disaster, and timing
of the assessment after the disaster, it is noteworthy that the rate of
children aged 3 to 8 years with behavior problems after the Great
East Japan Earthquake was higher than the rate after Hurricane
Katrina or after the 2004 Indian Ocean disaster in allected parts
of southern Thailand, which illustrates the severity of the trauma
experienced by children residing in the affected arca of Japan as a
result of the earthquake, tsunami, and subsequent radiation crisis.

We found that losing distant relatives or friends was associated
with clinically significant internalizing problems, but not external-
izing or total behavior problems. This is consistent with previous

PLOS ONE | www.plosone.org

Table 1. Cont.
: % or

Characteristics n or Mean sD
Bullied by peers at preschool or in the neighborhood 3 1.8
Experienced violence from a close friend or family member 2 1.2
Witnessed a violent incident involving a close friend or family 5 29
member
Had a close friend or family member who attempted suicide 2 1.2
Experienced a previous natural disaster 1 0.6
Other stressful events 5 29
Any of these events 78 459
Number of these events 0.74 0.98

CBCL clinically significant behavior problems Internalizing problems 47 27.7
Externalizing problems 36 212
Total problems 44 25.9

CBCL: Child Behavior Checklist.

doi:10.1371/journal.pone.0109342.t001

rescarch, which shows that depression among children after the
2004 Incdian Occan tsunami in devastated arcas of southern
Thailand was associated with the experience of a close family
member or friend being injured [12]. The experience of losing a
relative or friend may cause children to feel sadness, fear, or regret
because they were unable to help during the tsunami, which leads
to internalizing behavior. In our study, the lack of association of
depression with Josing a close family member or relative might
have been due to selection bias and lack of power; that is,
caregivers who lost a family member were less likely to participate
in this study. In our study, only two children lost a close family
member or relative. A previous study also reported that a natural
disaster’s long-term repercussions on children’s mental health is
influenced by various determinants including being separated from
caregivers, experiencing traumatic events, and feeling that one’s
life or that of a close friend or family member is under threat [34].
We also found that other trauma experiences that occurred
before the earthquake were significant risk factors for behavior
problems among young children who were exposed to the
carthquake, regardless of internalizing or externalizing hehavior
problems. This is consistent with findings of behavior problems in
children after the World Trade Center attacks that showed a
combined eflect of other trauma exposure before the attacks, and
traumatic events related to the attacks showed synergistic effects
on bchavior problems. High-risk approaches targeting young
children who have been exposed to other trauma before the
carthquake might be an cflicient strategy to provide mental
healthcare resources, which are limited after the carthquake.

Several limitations of this study must be addressed. First, the
participants were not a representative sample of the municipalities
affected by the earthquake; that is, we sclected municipalitics
where one of the authors had enough personal connections to
conduct this study. Furthermore, children with severe mental
disorders in the target population may have been reluctant to join
this study because they had already received psychiatric services.
Alternatively, caregivers who were concerned about their
children’s mental health might have been more likely to
participate in this study. Nonetheless, the significance of this study
is that it reveals the rate of children with behavior problems in a
community sample. Second, the CBCL was filled out by caregivers
only; thus, behavior problems in school were not included. Further
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Table 2. Bivariate and multivariate analyses of CBCL clinically significant internalizing behavior problems among young children 2 years after the Great East Japan Earthquake

(N=170).

CBCL clinically significant internalizing behavior problems

n % Bivariate RR = 95% Ci Multivariate RR  95% Cl
Demographics Child age group 5-6y 19 21.8 reference
7-8y 28 337 1.54 (0.86-2.77)
Child sex Boy 28- 333 reference
Girl 19 221 0.66 (0.37-1.19)
Number of siblings No sibling 8 216 reference
1-sibling 26 313 1.45 (0.66-3.20)
2+ siblings 12 25.0 1.16 (0.47—2;83)
Caregiver age group 36 or less 28 286 reference :
' 37+ 19 ‘ 264 0.92 ' (0.52-1.65)
Education High school or less 18 228 reference '
' Some collyege+ 29 32;6 1443 (0.79-2.58)
Father's occupation before earthquake Manual/Other/Uhemployed' 19 216 reference
Non-manual 12 316 1.46 (0.71-3.01)
; No response 16 364 1.68 (0.87-3.28)
Traumatic experience Status of home - Lost or completely damaged: = = 13 289 0.99 (0.50-1.94)
?artially damaged 10 233 0.79 (6.38—1.66)
Not damaged 24 293 reference
Stayed at shelter Yes 17 34.0 1.50 (0.81-2.77)
No 25 227 reference
Lived in temporary housing Yes 10 294 1.15 ' (0.57-2.33)
No 33 256 reference ‘
Evacuéted té relative’s house Yes 22 22.9 0.70 (0.39-1.26)
; ' No 2 328 reference .
Family members living in separate places Yes 14 26.4 ‘ 1‘4i ‘ f0.76—2‘62)
‘ : No 30 27.5 referyen'ce; i
Sebaration from caregiver Yes 17 315 1.24 ' ' (0.65-2.37)
No 20 253 reference
Lost close family member or relative Yes 2 18.2 0.63 (0.15-2.62)
No 31 29.0 reference
Lost distant relative or frikend Yes 10 47.6 2.36 (1.1k0—5.07) 2,22 (1.03-4.78)
: No 19 202 reference reference
Witnessed tsunami waves Yes 17 27.0 0.97 (0.51;1.82)
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Table 2. Cont.

CBCL clinically significant internalizing behavior problems

n Y ‘Bivari‘ate RR 95% Ci Multivariate RR" 95% (1
No 22 279 reference
Wftnessed someone being: swept away by tsLxhami Yes 4 ‘ 364 ‘ 1.36 (0.48-3.83)
No 35 26.7 reference
Witnessed  fire Yes 9 300 110 (052-2.32)
No 30 27.3 reference
Saw a dead body Yes 2. §6.7 241 (0.58-10.02)
No 37 276 reference
Heard the sound bf nuclear power plant expiosion Yes 0 0.0 NA
No 31 256
Experienced restrictions on lifestyle due to radiation ~ Yes. 3 250 099 {0.44-2.23)
No 21 253 reference
: Exposuré to' ény,trauma evénts or other trauma befqre Yes: 31 39.7 2.29 {1.25-4.1 8) 2,22 {1.22-4.07}
- the earthquake ;
No ‘ 16 174 reference

CBCL: Child Behavior Checklist.

RR: rate ratio.

doi:10.1371/journal.pone.0109342.t002
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Table 3. Bivariate and multivariate analysis of CBCL clinically significant externalizing behavior problems among young children 2 years after the Great East Japan Earthquake

(N=170).

CBCL clinically significant externalizing behavior problems

n % ‘BivariateRR  95%Cl . Multivariate RR 95%CIL

Demographics

Traumatic experience

 Father's o‘ccqpa"ﬁb’n:be’fore, earthquake L

R
Lived.in temporary housing

 Evacuated to relative's house

Child age group 5-6y 14 16.1 reference
. - By B e sl GEEs )
Child sex ' ' Béy ' ' ' 19 226 reference '
. . G w7 s oer L Gasen
Number of siblings ' No sibling ‘ 8 : ' 2'1.6 o refereﬁce o '
. ' . tsbling. e g ok 03800n)
2+ sibiings ' ' ‘ 11 22.9 1‘66 o ((')443'—'2.'64)

. Caregiveragegroup o mgaress e 163 reference

37+ 20 27.8 1.70 (0.88-3.28)
Education L . . High school orless 18 . 938 reference o

Some college+ 18 20.2 0.89 (0.46-1.71)

o e
(0.47—2.87) o 1.02 - (6;41;2‘53)

212 (1.03-422) . G
1.30 ' (0.58—‘2.93)‘
e agessy

,‘5M'anua!/btyh‘e‘r/:Unerhblbyé‘df:,‘ﬁ~ 14 . :'f'eyfye'réhcé,‘i

Non-manual

' Noresponse

Status of home Lost or completely damaged 10

Ba iR
reference
L

Not damaged

Yes

No

reference

reference

reference

iy e Ii\'iing"ink,syeparaté'pla'c,esf g G ;,‘10,""" },18.9 . '05,82"“ aunge Ao

No 25 229 reference

‘3Separafioh,f(om,caregiver~ o Yes s - e ,> 12‘ f ‘, 22.2 . ooaw :(0.55~2;SO), -

No 15 19.0 reference

Lost close family member orrelative - Yes . S0 0 NA

- Lost distant relative or friend. o e . o 4. . - 099 o (0.34;—‘2.94),‘,5:,

No 18 19.2 reference

. Witnessed'téunarhi waves o Yes ' . 6 . 252 - 167 - (079—353)

No 12 15.2 reference
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Table 3. Cont.

CBCL dlinically significant externalizing behavior problems

Witnessed someone being swept away by tsunami Yes 3 1.43

Witnessed a fire

Saw a dead bod!

Heard the sound of nuclear power plant explosion

Experienced restrictions on lifestyle due to radiation  Yes 4 125 0.61 0.21-1.81)

Exposure to any trauma events or other trauma before Yes 25 32.1 2.68 {1.32-5.45) 241 (1.16-4.99)
the earthquake

CBCL: Child Behavior Checklist.
RR: rate ratio.
doi:10.1371/journal.pone.0109342.t003

axenbypiey ueder 1se3 1eaI0 JaYR UBIP|IYD BUOWR SWI|qoId JoIAeyag



— €61 —

Bioauosojd'mmm | INO SOTd

Ll

Tre6012 | 0L 3nss| | 6 awnjoA | 107 19G0120

Table 4. Bivariate and multivariate analysis of Child Behavior Checklist (CBCL) clinically significant total behavior problems among young children 2 years after the Great East
Japan Earthquake (N =170).

CBCL clinically significant total behavior problems

Child age group

Demographics

Child sex

Number of siblings

2+ siblings . (0.20-1.14)

or less

(0.69-2.25)

(0.54-1.76)

( :
Partially damaged 14 326 148 (0.74-2.98)

Traumatic exper

Stayed at shelter (0.66-2.48)

Lived in temporary housing (0.50-2.16)

Evacuated to relative’s house . . (0.44-1.49)

(0.61-2.15)

Family members living in separate places

Separation from caregiver . . (0.71-2.68)

Lost close family member or relative (0.04-2.30)

Lost distant relative or friend (0.76-3.85)

Witnessed tsunami waves Yes 19 30.2 (0.73-2.70)
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Table 4. Cont.

CBCL clinically significant total behavior problems

n % - Bivariate PR . ' 95%Cl Multivariate PR 95% CI
No 17 215 reference
,Witheésed sdhﬁééne kbein'g swept éwaﬁy, by tsunami Yes 4 364 149 (0.53-4.21)
No 32 244 reference
‘Witnessed a fire Yes. 10 333 147 {0.70-3.05)
No 25 227 reference
Saw a dead body Yes - 333 T (047-932)
No 35 26.1 reference
Heard the sound of nudeérk‘péw'e‘r plaﬁt explosion T Yes 0 j 00 NA L
No 28 231
Ekpériehcéd‘rés‘triyct‘i‘on‘s dn lifestyle dL’lentO radiation . Yes 6 : :1'8.8 078 {0.31-1.94)
No 20 241 reference
o 'Exposhré té’ér;y t’rau‘m,a e\'/é,ntsor btﬁér traﬁma‘bé‘foré ,Yes ' 32 41 .0 3.1‘5 S (1.62—6j 'i) . “‘2.98 - ‘(1.‘53~5.‘81)
the earthquake . : : : : : ;
' No 12 13.0 referé‘ﬁce reference

CBCL: Child Behavior Checklist.
RR: rate ratio.
doi:10.1371/journal.pone.0109342.t004
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research should combine teacher and caregiver CBCL ratings.
Third, severe traumatic experiences related to the carthquake
were assessed through interviews with children, but some children
might not describe their true experiences to an interviewer. We
double-checked the reported experiences by interviewing caregiv-
ers and preschool teachers, but we considered the trauma
described by child participants themselves as being the most
authentically representative of the children’s trauma. Fourth, our
sample size was relatively small; thus, there may have been too few
participants to properly assess the significance of the associations
between specific traumatic experiences and behavior problems.
However, even with this small sample size, we demonstrated that
some specific traumatic experiences were associated with behavior
problems, which informs suggestions for future prevention of
behavior problems after a natural disaster. Fifth, the response rate
is not very high, especially in Fukushima. This is because most
children were evacuated from the original community as a result of
the radiation crisis, thus it was extremely difficult to obtain
consent.

In conclusion, clinically significant behavior problems were
found in one of four young children living in the arca affected by
the Great East Japan Earthquake, even 2 years after the disaster.
Specific trauma experience, i.c., loss of distant relatives or friends,
was associated with internalizing problems, but not externalizing
or total behavior problems. Moreover, children who experienced
other trauma events before the earthquake were more likely to
have behavior problems. Based on these findings, we make a call
for further mterventions for young children exposed to the
disaster, such as psychoeducation programs to provide information
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on traumatic symptoms, coping strategics and recovery, in
collaboration with school and preschool principals, teachers, and
school counselors. Moreover, larger studies using representative
samples are essential to further address the mental health needs of
young children exposed to the 2011 disaster.
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