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On 11 March 2011, the eastern part of Japan was struck by a magnitude 9.0 quake. About 20 000 people were killed or
weremissing, and a nuclear crisis followed. In Tokyo, people were indirectly exposed to the earthquake and nuclear crisis by TV
broadcast. The aim of our study was to evaluate the potential effect of the series of catastrophes on psychiatric emergency
hospitalizations in Tokyo. Clinical records of patients who were mandatorily admitted to Tokyo Metropolitan Matsuzawa Hospital
by law because of urgent risk to self or others were reviewed. Records regarding the 2 years of investigation, which include the 6
months after the earthquake, were reviewed. The six months after the earthquake were compared with the eighteen months
before the earthquake in clinical and demographic data using independent t-tests or v2 tests. During the 6 months before and
after the earthquake, 97 and 127 people were mandatorily admitted. v2 Tests demonstrated a significant increase in the number of
patients after the earthquake (P¼ 0.045), attributable to the significant increase in the number of patients with schizophrenia
after the earthquake (P¼ 0.011, 32 vs 56), whereas there were no significant differences in the number of patients with other
diagnoses between those two periods. Independent t-tests revealed that patients admitted after the earthquake had marginally
significantly shorter periods of education compared with those admitted before the earthquake (13.78 vs 12.82 years, P¼ 0.084).
This work suggests that patients with schizophrenia were more sensitive to indirect exposure to the earthquake and that a
shorter period of education was a potential risk factor.
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Introduction

Previous studies conducted in the center of a catastrophe
that investigated the influence of disasters on people with
psychiatric problems have reported exacerbations of symp-
toms and increases of suicide and violence.1–3 They have
suggested that such consequences were because of the
psychological influence of the unusual situation of a
catastrophe, such as seeing a miserable and terrible scene
and experiencing a risk to their lives.1–3 Disasters also
prevent psychiatric patients from receiving usual medical
support and expose them to the risk of exacerbation of
psychiatric problems. An increase in suicide rate was
explained mainly by mental health problems, including
depression and hopelessness. These mental health issues
are due to the experience of loss related to disasters and the
destruction of social networks. In addition, disaster-related
violence caused by emotions of anger and frustration was a
significant issue.4 In addition, other studies involving people
who lived in the center of a catastrophe with or without
previous psychiatric problems demonstrated provocation of
mental health problems,5–8 such as acute stress disorder,
post-traumatic stress disorder (PTSD), drug addiction and
alcohol addiction. PTSD was greatly studied after human-
made disasters such as the sarin gas attack on the Tokyo
subway in 1995 and the September 11 attacks in 2001.

Neuroimaging studies, such as magnetic resonance spectro-

scopy that estimates metabolite levels in vivo9,10 and diffusion

tensor imaging that investigates anisotropy of white matter,11

repeatedly reported that significant effects of symptom

severity of PTSD and levels of sarin exposure are related to

brain structure.12–14 One study also reported a difference of

human-made disasters from natural disasters.15

On the other hand, several studies have reported that
people who lived away from the center of a catastrophe also

had psychological responses.16–19 This kind of influence of

indirect exposure was greatly studied after the September 11

attacks in 2001, and a few studies reported that watching TV

could cause PTSD.16,17,19 They suggested that indirect

exposure might be considered as a small direct exposure

and that only people with high vulnerability are influenced in a

pathological way. Genetic factors, prior exposure to trauma

and preexisting psychiatric history are recognized as factors

contributing to vulnerability.16

On 11 March 2011, the eastern part of Japan was struck by
a magnitude 9.0 quake, where 15 852 people died and 3287

people were missing.20 On the basis of previous studies on

natural disasters, mental health care in the center of the

catastrophe gained huge attention, and interventions started

from the very early period after the earthquake. The Great
East Japan Earthquake was followed by the nuclear crisis,
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and the long-lasting influence on mental health was of
concern.21

In Tokyo, there were relatively few human casualties (seven
people were killed) and little property damage.22 However, TV
programs broadcasted scenes of the catastrophe continu-
ously, and the inhabitants of Tokyo were thus also exposed to
the catastrophe. The nuclear crisis that followed was also
broadcasted very frequently for a long period. From 11 March
to 30 April, TV had broadcasted a total of 2070 h of program
about the earthquake, which comprised 54.6% of the total
broadcasting hours. During the 6 months following the
earthquake, TV had broadcasted 3793 h of program about
the earthquake, which comprised 27.5% of the total broad-
casting time. At the acute phase, the earthquake and tsunami
were leading topics, but these were replaced by the nuclear
crisis and the influence of radiation.23,24

As previous studies have demonstrated that indirect
exposure to a catastrophe may provoke psychiatric symp-
toms,16–19 we hypothesized that psychiatric patients in Tokyo
might reflect the psychological impact of the earthquake. To
investigate this question, we carried out retrospective but
minimally biased clinical record reviews of the mandatory
psychiatric emergency hospitalizations in Tokyo. These
hospitalizations are mandatory and thus applied to patients
whose psychopathology was most severe.

Materials and methods

In Japan, psychiatric emergency hospitalization was based on
the Law Related to Mental Health and Welfare of the Person
with Mental Disorder, which states the following: (1) When the
police, in executing their duties, find a person who is judged to
be likely to hurt himself/herself or others because of their
mental disorder, the police shall immediately notify the
prefectural governor of the person via the director of a nearby
health center. (2) The governor shall have two designated
psychiatrists examine the person. (3) After taking this step,
the governor shall decide promptly whether the measure of
hospitalization for the person shall be taken.

In an urgent case at night-time or during holidays where it is
not possible to take the usual steps, when the person in
question is recognized as markedly likely to hurt himself/
herself or others because of his/her mental disorder, the
governor shall have one designated psychiatrist examine
the patient to assess the urgent need for hospitalization. The
governor shall send two psychiatrists to assess the need to
continue hospitalization within 72 h, which is usually the
following business day.

In Tokyo, these urgent psychiatric examinations are
performed at four public hospitals.

Data sources. Clinical records of all the patients who had
received an urgent examination followed by mandatory
psychiatric emergency hospitalization between 11 Septem-
ber 2009 and 10 September 2011 in the Tokyo Metropolitan
Matsuzawa Hospital, which is one of the four public hospitals
where the psychiatric urgent examination is performed, were
reviewed. This study was reviewed and approved by the
Research Ethics Committee of Tokyo Metropolitan Matsu-
zawa Hospital.

In clinical records, each patient had three formatted medical
certifications to show the urgent need for hospitalization and
one formatted medical summary. All the diagnoses were
originally made by International Classification of Diseases
10th revision (ICD-10). Three certifications clarified the risk of
violence and self-harm. On the basis of the availability of
information, most of them contained close developmental
history, educational history, occupational history, psychiatric
history, other medical history and family history. From these
medical records, six demographic and clinical characteristics,
including age, sex, classification by ICD-10 code, reason for
admission (violence or self-harm), duration of education and
duration of illness, were obtained for patients of all the groups
from the clinical records. All the records were reviewed twice.
Demographic and clinical data, including age, sex, classifica-
tion by ICD-10 code and reason for admission, are shown in
Table 1. A detailed classification of ICD-10 F2 patients is
shown in Table 2.

Additional clinical information was obtained from patients
with schizophrenia in the earthquake year, such as job status
(full-time employment, part-time employment, unemployed or
student), living situation (living alone, living with a spouse or a
partner, living with relatives, living in a group home) and main
place of growth, and is shown in Table 3.

Definition of diagnosis
Inclusion criteria. Diagnosis was made by four psychiatrists
independently: one trained psychiatrist at the site of the
urgent consultation, two trained psychiatrists on the following

Table 1 Demographic and clinical data of emergency patients in the
earthquake year

Period 3a Period 4b w2 Test
N¼ 97 N¼ 127
N (%) N (%) P-value

Sex 0.547
Male 49 (50.5) 59 (46.5)
Female 48 (49.5) 68 (53.4)

ICD classificationc 0.015
F0 4 (4.1) 2 (1.6)
F1 15 (15.5) 5 (3.9)
F2 46 (47.4) 79 (62.2)
F3 10 (10.3) 11 (8.7)
F4 6 (6.2) 8 (6.3)
F5 1 (1) 0 (0)
F6 10 (10.3) 20 (15.7)
F7 5 (5.2) 1 (0.8)
F8 0 (0) 1 (0.8)
F9 0 (0) 0 (0)

Reason for admission 0.333
Violence 47 (48.5) 67 (52.8)
Self–harm 28 (28.9) 41 (32.3)
Both 22 (22.7) 19 (15)

Mean (s.d.) Mean (s.d.) T-test
P-value

Age (years) 40.2 (15.5) 38.8 (13.9) 0.499

Abbreviation: ICD-10, International Classification of Diseases 10th revision.
aPeriod 3: From 11 September 2010 to 10 March 2011. bPeriod 4: From 11
March 2011 to 10 September 2011. cICD classification is based on ICD-10.
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business day and the psychiatrist of the ward when the
patient was discharged. We only included cases in which at
least three out of the four psychiatrists gave the same
diagnosis.

Classification of cases. First, we classified all the cases
into 10 diagnoses, according to ICD-10: F0, ‘Organic,
including symptomatic, mental disorders’; F1, ‘Mental and
behavioral disorders due to psychoactive substance use’; F2,
‘Schizophrenia, schizotypal and delusional disorders’; F3,
‘Mood [affective] disorders’; F4, ‘Neurotic, stress-related and
somatoform disorders’; F5, ‘Behavioral syndromes asso-
ciated with physiological disturbances and physical factors’;
F6, ‘Disorders of adult personality and behavior’; F7, ‘Mental
retardation’; F8, ‘Disorders of psychological development’;
and F9, ‘Behavioral and emotional disorders with onset
usually occurring in childhood and adolescence’. Next, we
further classified these diagnoses into subcategories only
when there was a significant difference in any comparison.

Definition of periods. The 2 years that were investigated
were divided biannually into four periods. The first included
the period from 11 September 2009 to 10 March 2010, and
was defined as ‘period 1’. The second included the period
from 11 March 2010 to 10 September 2010, and was defined
as ‘period 2’. These two periods were used to examine the
existence of a potential seasonal effect on psychiatric
emergencies, and were defined as ‘the control year’.Next,
the third period included the period from 11 September 2010
to 10 March 2011, which was just before the earthquake, and
was defined as ‘period 3’. The last period included the period
from 11 March 2011 to 10 September 2011, which was just
after the earthquake, and was defined as ‘period 4’; these
two periods together were defined as the earthquake year
(Supplementary Figure 1).

Statistical analysis. To investigate the seasonal effect on
psychiatric emergencies, we conducted w2 tests to examine
the frequency of categorical variables, such as sex,
diagnosis, reason for admission (violence or self-harm), job
status, living situation and main place of growth, and
independent t-tests to examine the difference in the
continuous variables, such as age and duration of illness
between periods 1 and 2 in the control year. Subsequently, to
examine the effect of the earthquake, we performed the

same statistical analysis in the earthquake year. Further
statistical analyses were performed to investigate the
demographic differences of the patients categorized into
ICD-10 F2 psychotic disorders, such as schizophrenia and
acute and transient psychotic disorder, who showed a
significant effect of the earthquake.

Results

Inclusion of cases. A comprehensive review of clinical
records found that all the cases covered were given the same
diagnosis by at least three psychiatrists. Therefore, no cases
were discarded from the analysis.

The seasonal effect on psychiatric emergencies; the
analysis of the control year. The total number of people
who had mandatory psychiatric emergency hospitalizations
during period 1 and period 2 were 133 and 155, respectively.
w2 Tests and independent t-tests demonstrated no significant
differences in the total number of people who had mandatory
psychiatric emergency hospitalizations and in the frequency
of sex (P¼ 0.483), age (male: P¼ 0.242; female P¼ 0.375),
distribution of any ICD-10 classification (P¼ 0.741) and
reason for admission (violence or self-harm) (P¼ 0.520)
(Supplementary Table 1 and Supplementary Figure 2).

Table 2 Diagnosis of F2 patients

Period 3a Period 4b w2 Test
N¼97 N¼127
N (%) N (%) P-value

F2c 46 79 0.857
F20d 32 (69.6) 56 (70.9)
F23e 12 (26.1) 21 (26.6)
Others 2 (4.3) 2 (2.5)

Abbreviation: ICD-10, International Classification of Diseases 10th revision.
aPeriod 3: From 11 September 2010 to 10 March 2011. bPeriod 4: From 11
March 2011 to 10 September 2011. cSchizophrenia, schizotypal and delusional
disorders in ICD-10. dSchizophrenia in ICD-10. eAcute transient psychotic
disorders in ICD-10.

Table 3 Demographic and clinical characteristics of patients with schizophre-
nia in the earthquake year

Period 3a Period 4b w2 Test
N¼ 32 N¼ 56
N (%) N (%) P-

value

Living situation 0.562
Living alone 10 (31.3) 19 (33.9)
Living with a spouse
or a partner

6 (18.8) 5 (8.9)

Living with relatives 12 (37.5) 26 (46.4)
Living in nursing home 0 (0) 0 (0)
Not available 4 (12.5) 6 (10.7)

Job status 0.320
Full-time employment 3 (9.4) 4 (7.1)
Part-time employment 4 (12.5) 1 (1.8)
Unemployed 22 (68.8) 44 (78.6)
Student 1 (3.1) 2 (3.6)
Not available 2 (6.3) 5 (8.9)

Main place of growth 0.561
East Japanc 26 (81.3) 35 (62.5)

Tokyo 15 (46.9) 26 (46.4)
Tohoku 1 (3.1) 2 (3.6)

West Japan 4 (12.5) 15 (26.8)
Foreign countries 1 (3.1) 2 (3.6)
Not available 1 (3.1) 4 (7.2)

Mean (s.d.) Mean (s.d.) T-test
P-

value

Number of people living together 2.25 (1.06) 2.1 (1.12) 0.569
Duration of illness 10.4 (10.6) 11.3 (8.1) 0.684
Duration of education 13.78 (1.98) 12.82 (2.45) 0.084

aPeriod 3: From 11 September 2010 to 10 March 2011. bPeriod 4: From 11
March 2011 to 10 September 2011. cEast Japan includes Tokyo and Tohoku
regions.
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The effect of the earthquake on the psychiatric emer-
gency. As the introductory investigation revealed no sig-
nificant seasonal effect, we compared periods 3 and 4 in the
earthquake year to investigate the potential effect of the
catastrophe. The total number of people who had mandatory
psychiatric emergency hospitalizations during period 3 and
period 4 were 97 and 127, respectively (Table 1).
w2 Tests demonstrated no significant differences in sex

(P¼ 0.547), age (P¼ 0.500) and reason for admission
(P¼ 0.333). The w2 test revealed a significant increase in
the number of patients who had mandatory psychiatric
emergency hospitalizations (P¼ 0.045, 97 vs 127,
monthly number of hospitalization is shown in Figure 1) and
a significant increase of the ratio of patients with the
diagnosis of disorders in the ICD-10 F2 category (P¼ 0.015,
46 vs 79).

Schizophrenia and acute and transient psychotic dis-
order. During period 3, 69.6% and 26.1% of the patients
who were assigned the F2 classification were diagnosed as
having schizophrenia (F20) and acute and transient psycho-
tic disorder (F23), respectively. During period 4, 69.6% and
26.6% of the patients who were assigned the F2 classifica-
tion were diagnosed as having schizophrenia (F20) and
acute and transient psychotic disorder (F23), respectively.
On the basis of the ICD-10 criteria, when there was no
previous evident psychotic episode and the patient was
psychotic, the patient was diagnosed as having acute and
transient psychotic disorder. As it is often difficult to obtain
enough information about clinical history in the emergency
consultation, patients with dementia, affective disorder,
mental retardation, substance intoxication/abuse and per-
sonality disorder can be diagnosed as having acute and
transient psychotic disorder. Because of the inherent
heterogeneity of acute and transient psychotic disorder, our
focus was only on schizophrenia in this study. The analysis
revealed that the number of patients with schizophrenia
increased significantly (P¼ 0.011, 32 vs 56). There was no
significant increase in the number of patients who were
diagnosed with conditions other than schizophrenia
(P¼ 0.607, 65 vs 71) (Table 2).

Comparison of the background of patients with schizo-
phrenia before and after the earthquake. Further statis-
tical analyses were performed to investigate any
demographic differences of the patients categorized into
the ICD-10 classification F20 (schizophrenia) among the four
study periods. On comparing the first and second halves of
the control year, w2 tests and independent t-tests demon-
strated no significant differences in living situation, job status,
main place of growth, number of people living together,
duration of illness and duration of education (Supplementary
Table 2). On comparing period 3 and period 4, no significant
difference in living situation (P¼ 0.562), job status
(P¼ 0.320), main place of growth (P¼ 0.561), number of
people living together (P¼ 0.570) and duration of illness
(P¼ 0.684) was shown, whereas the duration of education
was marginally significant (P¼ 0.084) (Table 3).

Discussion

Summary. A statistical review of the clinical records from 11
September 2009 to 10 September 2011 has revealed that the
number of psychiatric emergency patients who received
mandatory hospitalization significantly increased after the
earthquake compared with the period before the earthquake
(P¼ 0.045). Particularly, the number of patients with schizo-
phrenia who received mandatory hospitalization was shown
to increase after the Great East Japan Earthquake
(P¼ 0.011). Further, on comparing the patients with schizo-
phrenia who received mandatory psychiatric emergency
hospitalization before the earthquake and those who
received it after the earthquake, it was observed that the
second group had a shorter duration of education (P¼ 0.084)
that was marginally significant.

Effect of the earthquake on patients with schizophrenia.
This work demonstrated that the increase of mandatory
psychiatric emergency hospitalizations was predominantly
due to patients with schizophrenia. This may suggest the
potential high vulnerability of patients with schizophrenia to
indirect exposure to natural disasters. On the basis of the
vulnerability stress model, patients with schizophrenia are at

Figure 1 The number of mandatory emergency psychiatry hospitalizations in the earthquake year was demonstrated by month. The Great East Japan
Earthquake occurred between periods 3 and 4. Statistical analysis revealed a significant increase in the number of psychiatric patients hospitalized mandatorily after the
earthquake compared with those hospitalized before the earthquake. The averages of the monthly numbers of hospitalization in periods 3 and 4 were indicated as two
horizontal lines.
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risk of relapse when they have psychological stress.25,26

Neuroimaging studies also support this finding by proving
that increased stress induces dopamine release in patients
with schizophrenia, using positron emission tomography.27,28

The current finding that patients with schizophrenia are
more reactive to a catastrophe is supported by previous
studies that reported the effect of natural disasters on patients
with schizophrenia.29–31 Although a limited number of studies
have focused on this topic, it is reported that earthquakes had
the biggest psychological effect on patients with schizophre-
nia compared with those with bipolar disorder and with the
healthy population.29 In addition, it has been reported that
patients with schizophrenia had a reduced coping capacity,
and one study that compared patients with schizophrenia,
affective disorder and anxiety disorder reported that the
patients with schizophrenia showed a higher severity of illness
after the earthquake.30 In terms of hospitalizations, the
number of patients with schizophrenia who were hospitalized
was shown to increase after an earthquake.31 A few studies
have reported that 20–30% of psychotic patients took the
September 11 attacks into their delusions.32,33

Lower educational level as a potential risk factor. This
study demonstrated that patients who had mandatory
psychiatric emergency hospitalizations after the earthquake
had a lower level of education that was marginally significant
compared with those before the earthquake. This suggests a
potential relationship between educational level and vulner-
ability to indirect traumatic experience in patients with
schizophrenia. Although the result did not reach significance
and we need to be more cautious to the result, a possible
interpretation for the relationship is that higher education
level is related to a better ability to cope with stress among
patients with schizophrenia,34 as patients with a lower ability
to cope with psychological stress are recognized as being at
higher risk for exacerbation of psychiatric symptoms when
they are exposed to psychological stress. Further, one study
conducted after Hurricane Katrina35 and a few studies36–38

on patients with comorbidity of substance abuse showed that
lower educational level was a risk factor for violence to
intimate partners. Thus, lower educational level among
patients with schizophrenia may exacerbate psychotic
symptoms and provoke violent behaviors.36–38

The psychological effect of indirect exposure to the
catastrophe. Several studies have investigated the psycho-
logical effect of indirect exposure to catastrophe. Although
we did not assess PTSD in this study, symptomatic and
neuroscientific studies with PTSD strongly emphasized the
effect of indirect exposure to symptomatic abnormality and its
potential underpinning.39 Studies focusing on indirect expo-
sure to a catastrophe, such as the World Trade Center attack
and the military conflict in southern Israel, reported a
significant increase in the number of patients with PTSD
symptoms 6 months after the catastrophe among general
population.40,41 These studies have suggested that indirect
exposure should be considered as low-impact trauma,
demonstrating that a smaller percentage of the indirectly
exposed population developed PTSD symptoms, which
lasted for a shorter period compared with the directly

exposed population. In addition, previous studies have
suggested that preexisting psychiatry disorder consists of
high vulnerability to indirect exposure.42–44 Moreover, it is
suggested that the duration of initial exposure to mass media
was related to PTSD symptom severity.18

Suicidal attempt and violence after the catastrophe. A
relationship between natural disasters and psychiatric
problems, including suicide attempts and violence, has been
reported. One study investigated the change in suicide rates
from 1975 to 1993 in the United States because of
catastrophes such as floods, hurricanes and earthquakes,
revealing that suicide rates increased after a severe earth-
quake.1 Several studies investigated the occurrence of
violence after natural disasters, and revealed that some
violence rates increased after natural disasters.35,45,46 Those
studies were conducted in the center of the catastrophe,
where people might suffer from physical injuries, experience
risk to their lives or witness miserable scenes. The crucial
difference between those studies and this work is that we
have reported the increment of severe psychiatric problems
in areas far from the center. The number of suicides in Tokyo
during period 4, as published by the National Police Agency
in Japan, increased significantly compared with the control
year (P¼ 0.022, 1388 vs 1599).47

Limitation. Several limitations should be considered in this
work. First, statistical analysis showed a significant increase
in patients with schizophrenia receiving mandatory psychia-
tric emergency hospitalizations after the earthquake, and we
hypothesized that the increase was caused by indirect
exposure to TV broadcasts, but we cannot confirm that all
the participants watched TV. Thus, the findings may not be
caused by indirect exposure, and we are at risk of making a
Type I error. Second, although this work is minimally biased,
as it is a review of clinical records, important information such
as complete medical history was missing.In addition, as there
was inconvenience in transportation for a few days just after
the earthquake in Tokyo as well, some patients were not able
to approach usual medical support and several medicines
were unavailable because the earthquake hit the factories.
Although these practical problems were soon resolved, we
cannot deny their potential impact on developing or exacer-
bating psychiatric symptoms.

This work identified the increase in the number of patients
with psychiatric emergency hospitalization after the earth-
quake. Further, statistical analysis showed that short duration
of education was a potential vulnerability to be admitted.
Future researches that investigate the effect of the cata-
strophe in the different populations, such as primary or
secondary psychiatric emergency patients or hospitalized
patients, are expected.
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