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Abstract

Introduction: On 11 March 2011, a massive undersea earthquake, measuring 9.0 on the Richter scale, caused a tsunami that dev-
astated the shoreline of east Japan. It is estimated that over 20,000 people lost their lives as a result. It is recommended that clinical
effort after a tsunami disaster concentrate on a high-impact area rather than cover a large area. However, regional differences in
post-traumatic stress symptoms among children after a tsunami disaster are not well clarified. Methods: This study evaluated
post-traumatic stress symptoms and reported the findings of early-phase screening of 2259 students from Higashi-Matsushima City,
Japan, 6 weeks aftera tsunami hit the city. The sample was divided into two age groups: elementary school students (7 = 1102) and
Jjunior high school students (n = 1157). Of these groups, 289 (26.2%) elementary school students and 123 (10.6%) junior high school
students attended the four schools that were located in the area struck by the tsunami; the mortality rate of the areca exceeded 4%.
We referred to these students as the “high-impact group.” The “lower-impact group” consisted of 813 (73.8%) elementary school
students and 1034 (89.4%) junior high school students who attended the remaining ten schools. Resulrs: The severity of post-trau-
matic stress symptoms did not significantly differ between areas with relatively high and low impact. However, among the junior
high school students, those attending the school in the highly impacted area showed higher post-traumatic symptoms scores than
did the students of the less-impacted area. Conclusion: When planning a mass intervention after a disaster, especially in the early
phase when the resources for intervention are not sufficient, it might be useful to consider the degree of age-dependent impact effect.
© 2014 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.

Keywords: Post-traumatic stress disorders; Depression; Tsunami; Disaster; Children

1. Introduction

On 11 March 2011, a massive undersea carthquake,
measuring 9.0 on the Richter scale, caused a tsunami
that devastated the shoreline of east Japan. It is esti-
mated that over 20,000 people lost their lives as a result.
Higashi-Matsushima City, which has a population of

* Corresponding author. Tel.: +81 3 3815 5411; fax: +81 3 5800
8664.
E-mail address: kuwabah-tky@umin.ac.jp (H. Kuwabara).

hitp://ds.doi.org/10.1016/.braindev.2014.02.003
0387-7604/© 2014 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.
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approximately 40,000, was one of the most severely
affected regions. In this city alone, more than 1000 peo-
ple died and over 5000 families lost their homes.

A growing body of literature has addressed the psy-
chological sequelae among children after natural disas-
ters [1-8]. However, up until 2004, little was known
about post-traumatic reactions among children after
tsunami disasters.

‘Following the Asian tsunami, which occun"ed in
December 2004, several studies were conducted in the
early phase to examine the prevalence and etiology of
post-traumatic stress symptoms in child victims. For
example, it has been shown that 13.9-38.8% of the chil-
dren in Sri Lanka developed post-traumatic stress symp-
toms 3 to 4 weeks after the tsunami [9]; 10.5% and 8.4%
of the children in Thailand developed PTSD and depres-
sion respectively 2 months after the tsunami [10]; and
70.7% of the children in India developed PTSD
2 months after the tsunami [11]. A high rate of post-
stress symptoms was reported in these studies, but the
prevalence rates were inconsistent across the affected
regions. This large variability in the prevalence rates
may be due to the use of different measures, the study
design, the impact of disaster in the investigated area,
etc. ) .
Psychological intervention should be tailored to the
type of disaster [12]. One of the characteristics of a tsu-
nami disaster i is that the area where damage is serious is
clearly demarcated. Even if an area is in the proxmnty
region, the damage where a tsunami does not arrive is
relatively small. This difference is shown in the low ratio
of persons injured to persons missing or dead. There-
fore, it is recommended that clinical effort after a tsu-
nami disaster concentrate on a high-impact area rather

than cover a large area [13], especially in the early phase

when there are insufficient resources for intervention.
However, regional differences in post-traumatic symp-
toms after a tsunami disaster are not well clarified.

The purpose of this retrospective study was to inves-
tigate the post-traumatic symptoms among children in
the early phase after the tsunami disaster in northeast
Japan, and clarify the differences between adjacent
areas in an administrative city with a total area of
101.9 km?.

2. Materials and methods
2.1. Participants

In Higashi-Matsushima City, Miyagi, there were ten
elementary and four junior high schools. All the schools
were public schools and their students lived within walk-
ing distance of them.

Of these schools, three elementary schools (Elemen-
tary Schools A, B, and C) and one junior high school
(Junior High School A) were located at the area where

the massive tsunami struck almost the entire school dis-
trict. The overall mortality rate of Higashi-Matsushima
City was approximately 2.5%, but the presumed local
mortality rate in the area where these four schools were
situated exceeded 4% (the presumed local mortality and
missing rate have been calculated and distributed by
Kenji Tani: http://ktgis.net/tohoku_data/small area
map/). Three schools lost their buildings in the tsunami
and subsequently conducted classes at a substitute loca-
tion. As for the remaining seven elementary schools
(Elementary Schools D-J) and three junior high schools
(Junior High Schools B-D), their district was relatively
safe from the life-threatening impact of the tsunami.
The presumed local mortality rates in these relatively
safe areas were below 1% (Table 1). ‘

Our study sample comprised all children who were in
the 4th to 6th grades of elementary school or in junior
high school (7th to 9th grades) attending the ten elemen-
tary schools and four junior high schools in Higashi-
Matsushima City. Self-report questionnaires were
administered to children in their schools by their class-
room teachers approximately 6 weeks after the earth-
quake (April 25-28, 2011). Collection of the data for
this study was undertaken as part of a collaborative
effort with Higashi-Matsushima City in order to identify
students at risk and in need of intervention.

Self-reported data were collected from 2436 children
in the 4th to 9th grades and analyzed retrospectively.
Children with missing data were excluded from the sta-
tistical analysis, and the final sample consisted of 2,259
(92.7%) children, ranging from 9 to 15 years of age
(mean =11.7, SD =1.7). Of the children, 52% were
male and 48% were female. To simplify the analyses,
the sample was divided into two age groups: elementary
school students (4th to 6th grades; n = 1102) and junior
high school students (7th to 9th grades; n =1,157).

Of these groups, 289 (26.2%) elementary school stu-
dents and 123 (10.6%) junior high school students
attended the four schools that were located in the area
struck by the tsunami; the mortality rate of the area
exceeded 4%. We referred to these students as the
“high-impact group.” The “lower-impact group” con-
sisted of 813 (73.8%) elementary school students and
1034 (89.4%) junior high school students who attended
the remaining ten schools that were located in the area
where the mortality rate was below 1%.

This study was approved by the Ethics Committee of
the Faculty of Medicine, the University of Tokyo (No.
3583). We described that some of the participants were
minor in an application. Requirement for informed con-
sent and parental consent were waived by Ethics Com-
mittee of the Faculty of Medicine, the University of
Tokyo, according to the ETHICAL GUIDELINES
FOR EPIDEMIOLOGICAL RESEARCH of the Japa-
nese Ministry of Education, Culture, Sports, Science and
Technology, and Ministry of Health, Labor and Welfare
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Table 1
Demographics of schools.

Presumed morality Number of students Number of registered Morality rate Damage

rates of the area (%) died from the disaster students at the time of students (%) of school

of disaster building

High-impact
Elementary school A 4.0-6.0 11 424 2.6 Half collapse
Elementary school B 10.0-12.0 0 168 0.0 Total collapse
Elementary school C 12.0 < 9 208 4.3 Total collapse
Junior High School A 12.0 < 3 156 1.9 Total collapse
Lower-impact
Elementary school D 0.5-1.0 2 606 0.3
Elementary school E 0.5-1.0 0 384 0.0
Elementary school F 0.01-0.5 1 166 0.6
Elementary school G 0.01-0.5 1 244 0.4
Elementaryschool H 0.01-0.5 0 232 0.0
Elementary school I 0.5-1.0 0 132 0.0
Elementary school J 0.5-1.0 0 38 0.0
Junior High School B 0.5-1.0 4 560 0.7
Junior High Schiool € 0.01-0.5 1 426 0.2 Half collapse
Junior High School D 0.5-1.0 0 153 0.0

"Number of students at the time of disaster’ and "Number of students died from the disaster” included the students from Ist grade to 9th grade.

(http://www.niph.go.jp/wadai/ekigakurinri/guidelines,
pdf). We announced the use of screening data for the
purpose of the current study on the Higashi-Matsushi-
ma City web page (htip://www.city. higashimatsushi-
ma.mivagi.jp/).

According to the “ethic guideline informed consent
about epidemiologic studies” of the Japanese Ministry
of Health, Labor and Welfare development, the agree-
ment by the informed consent was exempted by the fol-
lowing reason. (1) The study concerned was cross
sectional study of the clinical information and does
not include risk more than the minimum risk for study
participants. (2) The method concerned was cross-sec-
tional analysis which participants do not become disad-
vantageous. (3) Could not perform that investigation
after the tsunami disaster in the cohort without includ-
ing the bias of the study agreement. (4) Publicized a pur-
pose of collection and the use of the data including the
research methods in Higashi-Matsushima city health
consultation center, Board of Education, and each ele-
mentary and junior high school which performed the
health administration of study participants. (5) The
symptomatology after the great scale disaster was an
urgent clinical request for the subsequent correspon-
dence guideline development.

2.2. Measures

Post-traumatic symptoms were assessed using the
self-report checklist the 15-item Post Traumatic Symp-
tom Scale for Children (PTSSC-15), which was devel-
oped and validated among children between the 4th
and 9th grades in Japan [14.15] The PTSSC-15 is a
self-report questionnaire on stress reactions in children

after a traumatic experience and is a child-modified ver-
sion of the 10-item Post Traumatic Symptom Scale
(PTSS-10) [5.16-181. Five questions (flashback, appetite
loss, somatic reaction, attention deficit, and anxiety)
that were considered to be important psychological
characteristics after a traumatic experience were added
to the PTSS-10. The PTSSC-15 assesses symptoms over
the past week; thus, for the present study, assessed
scores reflected post-traumatic symptoms rather than
acute stress responses. Each question is scored on a
6-point scale: 0 = completely disagree, 1 = mostly dis-
agree, 2 =partially disagree, 3 = partially agree,
4 = mostly agree, 5 = completely agree. The PTSSC-15
score (0-75) was defined by the sum of the scores of
all items. The PTSD scale (0-40) was defined by the
sum of the scores of the eight items (startle reaction, irri-
tability, mood swing, fear, increased tension, guilt, flash-
back, and anxiety) that appear to be related more
specifically to post-traumatic stress disorder. The
depression scale (0-35) was defined by the sum of the
scores of the seven items (sleep disturbance, nightmare,
depression, withdrawal, appetite loss, somatic reaction,
attention deficit) that appear to be more specifically
related to depression. The items included in the PTSD
scale and depression scale were determined from a pre-
vious factor analysis [14]. To explore the differences in
traumatic impact between areas, we included the PTSD
scale and depression scale for exploratory analysis.

2.3. Siatistical analysis
Scores on the PTSSC-15, PTSD scale, and depression

scale were statistically compared between the high-
impact and lower-impact groups using a Student’s z-test.
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To investigate the interactive effect of age and gender,
we conducted a two-way analysis of variance
(ANOVA), with age groups or gender, and area (high-
impact group and lower-impact group) as independent
variables and scores on the PTSSC-15, PTSD scale,
and depression scale as dependent variables. The signif-
icance threshold was set at 0.05 (two-tailed) in all tests.
All analyses were conducted with SPSS version 17.0.

3. Results
3.1 D{ﬁ”erencé between areas (Tables 2-4)

Scores on the PTSSC-15 (r= 1.809; df=2257;
p = 0.071) and depression scale (z = 0.905; df = 2257,
p = 0.366) did not significantly differ between the high-
and lower-impact groups. PTSD scores were signifi-
cantly higher in high-impact group than in lower-impact
group (¢ = 2.179; df = 583.766; p = 0.030).

3.2. ANOVA (PTSSC-15) (Fig. I)

The two-way ANOVA regarding age and area
showed a significant interaction effect of age x area
(F=4.865; df =1, 2255; p = 0.028). There was no sig-
nificant main effect of age (F = 0.869; df = 1, 2255;
p = 0.351), nor of area (F = 3.074; df =1, 2255
p = 0.080). Among the junior high school group, stu-
dents in the high-impact group showed a significantly
higher score than students in the lower-impact group
(r = 2.288; df = 144.133; p = 0.024). Among the ele-
mentary school students, there was no difference be-
tween the high-impact group and the lower-impact
group (¢ = 0.367; df = 1100; p = 0.713). In the high-
impact group, there was no difference between students
of elementary school and junior high school (r = 0.664;
df = 410; p = 0.507). In the lower-impact group, ele-

mentary school students showed a significantly higher -
score than junior high school students (r = 3.973;

df = 1845; p < 0.001). Each age group included stu-
dents from three different grades, and both elementary
school students (F = 5.821; df =2, 1099; p =0.03)
and junior high school students (F = 5.631; df = 2,
1154; p = 0.04) showed significant within-group differ-
ences. Therefore, to deconstruct the age x area
interaction, we conducted an additional multivariate
analysis for the PTSSC-15 using a general linear model
that included grade (4-9) and area. As in the ANOVA,
there was a significant grade x area interaction (F =
4:583; df = 1, 2255; p = 0.032). However, we noted
no significant main effect of grade (F = 0.708; df = 1,
2255; p = 0.400) or of area (F = 2.989; df = 1, 2255;
p = 0.084). ' :

The two-way ANOVA regarding gender and area
showed no interaction effect of gender x area (F=
0.038; df =1, 2255; p=10.845). The main effects of

gender (F=28481; df =1, 2255; p=<0.001) and of
area (F=4.172; df=1, 2255; p=0.041) were
significant.

3.3. ANOVA (PTSD scale) (Fig. 2)

Regarding the two-way ANOVA of age and area,
there was no significant interactive effect of age x area
(F=2.300; df =1, 2255; p = 0.130). There was signifi-
cant main effect of age (F = 4.095; df =1, 2255;
p = 0.043), and no significant effect of area (F =
3.234; df = 1, 2255; p = 0.072).

The two-way ANOVA regarding gender and area
showed no interaction effect of gender x area (F=
0.110; df = 1, 2255; p = 0.741). The main effects of gen-
der (F=25.374; df =1, 2255; p =<0.001) and of area
(F=06.228; df =1, 2255; p = 0.013) were significant.

3.4. ANOVA (depression scale) (Fig. 3)

The two-way ANOVA regarding age and area
showed a significant interaction effect of age x area
(F=28.380; df=1, 2255; p = 0.004). There was no
significant main effect of age (F = 0.578; df = I;
p = 0.447), nor of area (F = 2.102; df =1, 2255; p =
0.147). Among the junior high school students, those
in the high-impact group showed a significantly higher
score than did those in the lower-impact group
(t = 2.53; df = 144.797; p = 0.012). Among the ele-
mentary school students, scores did not significantly dif-
fer between the high-impact group and the lower-impact
group (# = 1.177; df ="1100; p = 0.239). In the high-
impact group, there was no difference between scores
of the elementary school and junior high school students
(f = 1.934,; df = 410; p = 0.054). In the lower-impact
group, elementary school students had a significantly
higher score  than junior high school  students
(r = 2.693; df = 1620.347; p = 0.008).

The two-way ANOVA regarding gender and area
showed no interaction effect of gender x area (F=
0.001; df =1, 2255; p =0.978). The main effect of gen-
der (F=25.267;df =1, 2255; p = <0.001) was signifi-
cant, but the main effect of area (F=1225; df =1,
2255; p=0.268) was not.

4. Discussion

This study evaluated post-traumatic symptoms and
reported the findings of early-phase screening of 2,259
students (this includes almost all students from the 4th
to 9th grades) from Higashi-Matsushima City, Japan,
6 weeks after a tsunami hit the city. The severity of
post-traumatic symptoms did not significantly differ
between areas with relatively high and low impact.
However, among the junior high school students, those
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“ Table 2
Average PTSSC-15 score.
High impact Lower impact Effect size P-value
M SD N M SD N
All students 224 15.7 412 21.0 14.9 1847 0.09 0.071
Male 204 15.6 226 18.9 14.4 940 0.10 0.167
Female 24.9 154 186 23.1 15.0 907 0.12 0.134
4th-6th grade elementary school students 221 154 289 225 15.9 813 —0.03 0.713
Male 20.4 152 163 20.7 15.5 418 —0.02 0.869
Female 24.3 15.6 126 244 16.2 395 ~0.01 0.915
Junior high school students 232 16.2 123 19.7 13.9 1034 0.25 0.024
Male 20.3 16.9 63 17.5 13.4 522 0.20 0.201
Female 26.3 14.9 60 22.0 14.0 512 0.30 0.029
M, Median; SD, standard deviation; N, number of cases.
Table 3
Average PTSD scale.
High impact Lower impact Effect size P-value
M SD N M SD N
All students 14.2 9.9 412 13.0 9.3 1847 0.13 0.030
Male 12.9 9.8 226 11.8 12.9 940 0.12 0.112
Female 15.7 9.7 186- 14.2 9.2 907 0.16 0.054
4th-6th grade elementary school students 14.2 9.8 289 14.1 9.9 813 0.01 0.819
Male 13.2 9.6 163 13.0 9.8 418 0.02 0.845
Female 15.6 9.8 126 15.2 9.9 395 0.04 0.710
Junior high school students 14.0 10.1 123 12.1 8.6 1034 0.22 0.058
Male 12.2 10.4 63 10.9 8.6 522 0.15 0.324
Female 15.8 9.5 60 13.5 8.4 512 0.27 0.045
M, Median; SD, standard deviation; N, number of cases.
Table 4
Average depression scale.
High impact Lower impact Effect size P-value
M SD N M SD N
All students 8.3 6.7 412 8.0 6.5 1847 10.05 0.366
Male 7.5 6.7 226 7.1 6.2 940 0.06 0.390
Female 9.2 6.6 186 8.9 6.7 907 0.05 0.476
4th-6th grade elementary school students 79 6.6 289 8.4 6.9 813 -0.07 0.239
Male 7.2 6.5 163 7.6 6.8 418 -0.06 0.507
Female 8.7 6.7 126 9.2 7.0 395 -0.07 0.435
Junior high school 9.3 7.0 123 7.6 6.1 1034 0.27 0.012
Male 8.1 7.3 63 6.6 5.6 522 0.26 0.124
Female 10.5 6.4 60 8.6 6.4 512 0.30 0.032

M, Median; SD, standard deviation; N, number of cases.

attending the school in the highly impacted area showed
higher PTSSC-15 scores than did the students of the
.less-impacted area.
Our results indicate an interactive effect between age
~and area with regard to the severity of post-traumatic
symptoms. The present result of no significant difference
between areas is congruent with the findings of a study
on post-traumatic symptoms 8 weeks after a tsunami
in Thailand that included a sample of children aged 7
to-14 [10]. However, we found a significant difference
between the areas among a particular age group (i.e.

junior high school students). The study in Thailand
did not analyze age-dependent regional effects; there-
fore, it is difficult to directly compare its findings with
the present results. A study on tsunami-affected children
3 weeks after a disaster in Sri Lanka, which included
children aged 8 to 14 years, showed a significant effect
of area; however, the effect was mixed with that of
previous traumatic experiences such as those obtained
during the civil war [9]. Our present study was con-
ducted in a country with a relatively low rate of mass
experiences with previous traumatic events, and our
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Fig. 1. PTSSC-15; the two-way ANOVA regarding age and area
showed a significant interaction effect of age x area.
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Fig. 2. PTSD scale; regarding the two-way ANOVA of age and area,
there was no significant interactive effect of age x area.

findings might mainly reflect the effect of the tsunami
disaster. However, we only studied children who were
living in the disaster area, and this might be one of the
reasons that we could not observe differences in post-
traumatic symptoms among children in the elementary
school. The factors that affect the interaction of age
and impact area of the tsunami remain unclear; how-
ever, when planning a school-based mass intervention
after a disaster, especially in the early phase when the
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Fig. 3. Depression scale; the two-way ANOVA regarding age and area
showed a significant interaction effect of age x area.

resources for intervention are not sufficient; it ‘might
be useful to consider the degree of age-dependent impact
effect. L o

The age effect for the lower-impact group was con-
gruent with previous studies that have indicated a youn-
ger-age as a risk factor for post-traumatic reaction {1,7].
Conversely, some post-tsunami studies have reported no
significant difference [9,19] or.a higher prevalence rate of
post-traumatic reactions in older age groups [10,11].
Previous post-tsunami investigations ‘that have shown
a high prevalence rate in children of an older age or
no difference between age groups were largely conducted
in areas of greater destruction. Among the children in
the present study who lived.in:such an area (i.e., the
high-impact .group), there was no association between
age ‘and PTSSC-15 score, which might explain these
inconsistencies. Furthermore, the present results suggest
that older age did not protect children from developing
post-traumatic symptoms when their school and the sur-
rounding district were severely damaged by the tsunami.

Moreover, PTSD symptoms reflected the impact of
the disaster, while depression symptoms seemed to be
affected by the degree of impact in a more age-depen-
dent manner. Although PTSD symptoms and depres-
sion symptoms were ‘previously reported to be highly
correlated with each other [3], the present results suggest
that both types of symptoms-after a disaster might be
modulated by a different strategy, at least in the early
phase. , ;

An interactive effect of -gender and area was not
found for all three of the analyzed outcomes. However,
the present findings, which indicate that females had
more severe post-traumatic symptoms regardless of the
impact of the disaster, have also been documented in
many studies [20]. The evident gender difference in path-
ogenesis was not clarified. However, it is possible that -
females are more likely to report the presence of symp-
toms than males are [2], or that the gender differences
might be due to pre-existing levels of anxiety in females
. : i
The present study has a number of limitations that
need to be addressed. First, all the data gathered from
children were self-reported. A difference of effect size
between interviews and self-reports has been suggested
[20]. Additionally, it may be possible that children with
the same total score answered the questions differently.
For instance, one child might have scored 2 on all 15
items, while another might have scored 5 on 6 items
and 0 on the remaining 9 items. The latter child may
have some clinically significant symptoms, while the
former may not. However, the Cronbach’s alpha for
the PTSSC-15 in the present sample was 0.902, which
indicates high reliability. Nevertheless, it is possible that
our screening method is insufficient for assessing clini-
cally significant symptoms. However, during the early
phase after a massive disaster the use of self-report
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was unavoidable for the purpose of a clinical mass
screening. Second, we did not collect information
regarding individual experiences of damage, which
clearly affect the results {15}, This survey was conducted
in the early phase using a self-report form, so we did not
dare to inquire into the trauma-related experience,
which might exacerbate the post-traumatic symptoms
unless done carefully. Third, the PTSSC-15 was only
validated for children from the 4th to 9th grades; there-
fore, we lack data for children from the Ist to 3rd
grades. Only a limited number of self-report question-
naires for assessing post-traumatic symptoms have been
validated in Japanese child populations, and none have
been validated for a sample of children from the Ist
through 9th grades. In the survey, we collected the
PTSSC-15 from 1,020 students of the 1st to 3rd grades;
however, we did not include their data in the present
research owing to the non-validated status of this age
group. For more accurate planning of school-based
interventions, in future research, we should clarify our
ability to apply the present results to students from the
1st to 3rd grades. Fourth, Japanese public school stu-
dents were living in -an area within walking distance of
their school, so they might experience a similar degree
of impact from the tsunami. Therefore, one must take
into account the distance from school to home when
considering the application of the present results.

To our knowledge, this is one of the largest studies to
have surveyed ecarly-phase post-traumatic symptoms
among children affected by a tsunami disaster. The large
sample size and almost population-based nature of the
methodology used may strengthen our conclusions.
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