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This study investigated how the course of a mental illness is distributed and evaluated the risk factors and
suicidality of chronic and delayed onset mental illness after the Great East Japan Earthquake. The first, second,
and third waves of this study were conducted in 2012, 2013, and 2014, respectively. Psychological distress,
suicidal ideation, and socio-demographics were assessed by a self-report questionnaire for affected residents
(N = 1473; 768 females, 52.1%; average age = 66.3 years, ranged from 20 to 89 years). Prevalence of mental
illness was 10.0%, 14.7%, and 11.8% in the first, second, and third waves, respectively. Prevalence of mental
illness for three years was found to be 21.4% and of remission, chronic, and delayed-onset course was 5.0%
(2.9-7.1%), 3.6% (1.6-5.8%), and 6.2% (4.2-8.4%), respectively. Psychological distress and serious damage to
their homes in the first wave predicted chronic course. Psychological distress in the first wave, living at tem-
porary housing, and unemployment in the third wave increased risk for delayed onset. Among the participants,
9.8% reported suicidal ideation. Chronic or delayed onset course showed a higher risk of suicidal ideation. Many
residents, who showed high risk of suicidality, still suffer from mental illness requiring housing, occupation, and

Mental illness course
Risk factor
Suicidal ideation

psychological support.

1. Introduction

The Great East Japan Earthquake on 11 March 2011 wreaked en-
ormous damage with reports of 15,893 lives lost and 2556 people
missing (National Police Agency of Japan, Emergency Disaster
Countermeasures Headquarters, 2016). Such a large-scale disaster may
influence people's mental health in the long term. Prevalence of mental
health problems could be about 6%, and suicidality approximately 1 to
6% in victims three to five years after natural disasters (Arnberg et al.,
2015; Chou et al., 2007). A larger scale of disaster or higher exposure
could lead to a higher prevalence of mental illness and increased suicide
rates (Johannesson et al., 2015; Matsubayashi et al., 2013; Paranjothy
et al., 2011; Tang et al., 2014). It may depend on the degree of damage
and loss caused and the extent of individual exposure. Therefore, un-
derstanding the long-term effect of a huge natural disaster on mental
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health is required for contributing to a long-term care strategy.
Previous longitudinal studies focusing on the populational trend of
mental illness have provided conflicting results: improved (Chou et al.,
2007; Zhang et al., 2012; Norris et al., 2004), sustained (Pietrzak et al.,
2012), or worsening trend (Ye et al., 2014) of depression/depressive
symptoms. This might be due to the different scales of the disasters.
Although individuals may or may not suffer from mental illness, little is
known about the mental illness course distribution, its risk factors, and
its associated suicidality. To our knowledge, three studies have reported
the prevalence of remission, delayed-onset, and chronic courses of
mental illness or depression as 10.7-22.9%, 10.6-16.2%, and
9.9-36.2% (Lowe et al., 2015; Paxson et al., 2012; Tanji et al., 2018),
respectively. However, two of these were limited samples of those
living at temporary housing (Tanji et al., 2018) and of low-income
women (Paxson et al., 2012), which are considered as generating risk
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enrichment (Tang et al., 2014; Xu et al., 2013). Another reported pre-
dictive factors only for the ‘resilient’ course (Lowe et al., 2015). These
studies did not evaluate the suicidality of the victims. Further study not
confined to residence status and financial condition is needed to pro-
mote our understanding of long-term mental problems after a huge
natural disaster.

This study aimed to (1) reveal the distribution of the mental illness
course in a large community sample one to three years following the
Great East Japan Earthquake, (2) identify the risk factors for chronic
and delayed onset courses, and (3) estimate the risk of suicidal ideation
in each course.

2. Methods
2.1. Participants

Participants comprised 19 years or older individuals who had en-
rolled for the national health insurance in the city. The national health
insurance in Japan is designed for people who are not eligible for any
employment-based health insurance program (e.g., self-employed
worker, part-time worker), while employees' health insurance is a
program for employees who labored more than the certain hours per
week. Therefore, the participation rate of the national health insurance
is high in the aged people.

The present study was approved by the Ethical Committee, Faculty
of Medicine, The University of Tokyo [approval No. 3583-(2)] and the
Tokyo Metropolitan Institute of Medical Science [approval No. 14-21].
Written informed consent was waived by the Ethical Committee of the
Faculty of Medicine and the University of Tokyo. Instead, we publicized
the use of the data for the purpose of the present study, on our research
team web page (http://plaza.umin.ac.jp/ ~ youth-mh/). In addition, the
use of anonymous data for research was clearly stated on the cover page
of a health check questionnaire, so that those who wanted to be ex-
cluded from the analysis could claim to do so.

We collaborated with the city of Higashi-Matsushima government
and the public health centre, and they provided follow-up support for
those residents who have long-term mental health problems and require
care.

2.2. Study design and periods

The present study was a prospective cohort study using data from
three waves of annual health checks in Higashi-Matsushima city,
Miyagi prefecture. The city is located in the coastal area of northeast
Japan, which suffered a serious damage by the Great East Japan
Earthquake in 2011. Approximately 65% of the area was flooded by the
huge tsunami caused by the earthquake, and more than 1000 of 40,000
residents lost their lives. The first wave was conducted one year after
the disaster (between 15th May and 16th June, 2012), and the second
and third waves were conducted at around the same dates in 2013 and
2014 (Kanehara et al., 2016).

2.3. Data collection

Data was collected using self-report questionnaires. An investigation
letter and self-report questionnaire were delivered to the residents in
the city who were eligible for the annual health check conducted by the
city. Those who got the health check filled in the questionnaire and
brought it to the health check venue.

2.4. Measurements

2.4.1. Psychological distress

Psychological distress was measured in all waves by the Kessler 6
scale (K6), a six-item screening measure of nonspecific psychological
distress during the past 30 days (Kessler et al., 2002). It assessed for
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anxiety disorders, mood disorders, and non-affective psychoses with a
Global Assessment of Functioning (GAF) score below 70 on the Diag-
nostic and Statistical Manual of Mental Disorders, 4th Edition (DSM-
IV), with area under the curve of 0.879 (GAF in the range 0-50) and
0.950 (GAF in the range of 0-70) in the Receiver Operating Char-
acteristic (ROC) analysis (Kessler et al., 2002). The participants rated
the items (e.g., ‘During the past 30 days, about how often did you feel
so depressed that nothing could cheer you up?’) on a 5-point Likert-type
scale ranging from ‘none of the time’ to ‘all of the time’. In the present
study, ‘none of the time’ scored 0, and ‘all of the time’ scored 4, and the
score for each question was summed up yielding the total score ranging
from O to 24. The total K6 score ranging from 8 to 12 was defined as
mild-moderate mental illness (MMI), and the score above 13 was de-
fined as serious mental illness (SMI) (Kessler et al., 2003a, 2008). MMI
is a residual definition of respondents estimated to meet criteria for a
DSM-IV anxiety-mood disorder but not SMI (Kessler et al., 2008), and
MMI is considerable because of not only current distress and impair-
ment but also the risk of progression to a more severe disorder
(Kessler et al., 2003b). We defined those who have MMI or SMI, as
having mental illness. People who scored more than 20 at the first wave
were followed-up on at least once by telephone and/or visit by the
community health nurses in the public health centre.

2.4.2. Suicidal ideation

In the third wave, suicidal ideation was measured by the question,
‘During the past 30 days, about how often did you think you wanted to
die?’ The response choices were ‘none of the time’, ‘a little of the time’,
‘some of the time’, ‘most of the time’, and ‘all of the time’. In the present
study, individuals who opted for other response choices instead of ‘a
little of the time’, were defined as having suicidal ideation.

2.4.3. Socio-demographics

Age, sex, house damage, and whether individuals were seeking
counselling for mental health problems were other factors assessed in
the first wave. House damage was evaluated by a 5-point Likert scale
(‘total collapse’, ‘extensive collapse’, ‘partial collapse’, ‘partial damage’,
and ‘no damage’) and was treated as a continuous variable in group
comparison and multiple analysis. ‘Seeking counselling for mental
health’ was assessed by a dichotomous question: ‘Do you want profes-
sional support for your mental health?’ Participants who responded
positively were followed-up on at least once by telephone and/or a visit
by the community health nurses in the public health centre. In the
second wave, presence of cohabitants and presence of a person to
consult about mental health were additionally examined. Presence of a
person to consult about mental health was assessed by a dichotomous
question: ‘Do you have anyone for consulting about your mental
health?’ In the third wave, residence situation and working status were
investigated. The participants chose their residential situation from four
categories: ‘temporary housing’, ‘disaster public housing’, ‘own home’
or ‘other’ . With regard to working status, participants were categorized
into ‘working 4 days or more in a week’, ‘working 1-3 days in a week’,
or ‘other’. Unemployment, housewife, and student were options that
were classified to ‘other’ of the working status.

2.5. Statistical analysis

2.5.1. Risk estimation of sampling bias

First, we compared the individuals who participated in all three
waves from 2012 to 2014 and those who participated only in the first
wave. Socio-demographic characteristics and mental health from the
fitst wave were compared by a Student t test for continuous variables or
the Pearson's y/” test for categorical variables. To examine the effect of
age and gender on psychological distress and risk of suicidal ideation at
the third wave, univariate linear and logistic regression analyses were
conducted.
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2.5.2. Classification of mental illness course

The subsequent analyses were conducted using data from the in-
dividuals who participated in all three waves. We classified the parti-
cipants into five mental illness courses (noncase, remission, delayed
onset, chronic and other) during the three years, similar to a previous
three time point study (Karamustafalioglu et al., 2006), and then we
calculated the prevalence of each course of mental illness.

2.5.3. Group comparison for identifying risk factors of chronic and delayed-
onset mental illness courses

Next, we conducted group comparisons to evaluate the risk factors
of chronic and delayed-onset courses of mental illness by a Student t
test for continuous variables or the Pearson's XZ test (or Fisher's exact
test) for categorical variables. When comparing two courses, multiple
logistic regression analyses were conducted to examine the factors that
predicted the specific course. Age, sex, and factors that had a statisti-
cally significant association in the group comparison, were added si-
multaneously into the adjusted model.

2.5.4. Mental illness course and risk of suicidal ideation

Further, we estimated the prevalence of suicidal ideation in each
course of mental illness and examined the risk of suicidal ideation in
2014 using logistic regression analyses. When calculating the adjusted
odds ratio (OR) and 95% confidence interval (95% CI); the age, sex,
house damage, presence of cohabitants, residence situation, working
status, and seeking counselling for mental health; were all included
simultaneously as covariates.

2.5.5. Significance criteria and software

The significance level for tests were set at @ = 0.05. Distribution
with 95% CI of subjects with mental illness and suicidal ideation in
each course were calculated by the R version 3.4.1 (the R Foundation
for Statistical Computing, Vienna, Austria). Other statistical analyses
were conducted using SPSS version 22.

3. Results

Of the 11,855 residents in the city who were invited in 2012, 3515
residents participated in the health check. Of the 3515 participants,
1473 residents participated in all three waves conducted from 2012 to
2014 (response rate: 41.9%).

Among the participants of the first wave, we compared individuals
who participated in all three waves and those who did not. Individuals
who participated in all three waves were older (mean age = 66.3 vs.
63.3 years old, standard deviation (SD) = 10.6 vs. 14.8 yrs., t = 6.8,
p < 0.001) and were more likely to be males than those who did not
(47.9% vs. 43.1%, XZ =7.7,df = 1,p = 0.005). Furthermore, the house
damage of participants who participated in all three waves was less
serious than those who did not (mean score (SD) = 3.6 (1.3) vs. 3.7
(1.3), t = 2.2, p = 0.030). With regard to mental health, the mean K6
score in the first wave and the prevalence of mental illness was lower in
individuals who participated in all three waves than those who did not
(mean score (SD) = 2.5 (3.4) vs. 3.2 (4.1), t = 5.6, p < 0.001; pre-
valence of mental illness 10.0% vs. 14.1%, »°=12.0, df =1,
p = 0.001).

3.1. Demographic characteristics

Demographic characteristics of those who participated in all three
waves were summarized in Table 1. Approximately one third of the
participants suffered from total house collapse, while only about 12% of
the participants’ houses were not affected. Prevalence of mental illness
showed an increase between 2012 and 2013 and a decrease between
2013 and 2014. During the three years after the disaster, about one in
five participants met the criteria for a mental illness at least once.
Univariate linear regression and logistic regression analyses did not
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Table 1
Demographic characteristics of the study participants in 2012-2014.
Total, N (%) 1473 (100)
Age, mean (SD) 66.3 (10.6)
Female sex, N (%) 768 (52.1)
House damage, mean (SD) (range: 1-5) 3.6 (1.3)
House damage category, N (%)
Total collapse 481 (33.49)
Extensive collapse 320 (22.2)
Partial collapse 348 (24.2)
Partial damage 118 8.2)
No damage 173 (12.0)
Without cohabitants (2013), N (%) 127 9.2)
Residence situation (2014), N (%)
Own home 1215 (86.2)
Temporary housing 159 (11.3)
Disaster public housing 6 0.4)
Other 29 2.1)
Working status (2014), N (%)
4 days and above 241 (26.0)
1-3 days 58 (6.3)
Other 628 (67.7)
Seeking counselling for mental health (Yes), N (%) 53 3.8)
Presence of person to consult about mental health (Yes) (2014), N 1100 (80.7)
(%)
Mental illness, N (%)
2012 134 (10.0)
2013 210 (14.7)
2014 168 (11.8)
At least once during three years 271 (21.4)

Mental Illness, SMI and MMI of K6; K6, Kessler 6 scale; MMI, Mild-Moderate
Mental Illness (K6 score ranges from 8 to 12); SMI, Serious Mental Illness (K6
score ranges above 13).

show the effect of age on psychological distress in the third wave
(B =0.01, 95% CI = —0.02-0.02, p = 0.729) and risk of suicidal
ideation (OR = 1.00, 95% CI = 0.98-1.01, p = 0.628). On the other
hand, females were more associated with increased psychological dis-
tress (f = 0.12, 95% CI = 0.49-1.26, p < 0.001) and risk of suicidal
ideation (OR = 1.66, 95% CI = 1.16-2.37, p = 0.005) in the third
wave.

3.2. Three-year courses of mental illness

Three-year courses of mental illness are summarized in Table 2.
Forty-six participants (3.6%) showed a chronic course of mental illness
and 79 participants (6.2%) were classified in the delayed-onset condi-
tion of mental illness.

3.3. Risk factors for chronic/delayed-onset courses

First, the chronic and remission courses were compared (Table 3).
Compared with the remission course, individuals in the chronic course
suffered more serious house damage and had a higher K6 score at the
first wave (both p < 0.01). Multiple logistic regression analysis in-
cluding these factors showed that more serious house damage
(OR =1.6, 95% CI = 1.1-2.5, p = 0.019) and a higher K6 score in
2012 (OR =1.3, 95% CI = 1.1-1.6, p = 0.002) differentiated the
chronic course from the remission course.

Second, the delayed-onset course and the noncase course were
compared (Table 4). Compared with the noncase course, individuals in
the delayed-onset course suffered more serious house damage, and were
more likely to have lived alone and sought counselling for mental
health, according to the first wave. Additionally, according to the third
wave, those in the delayed onset course had a lower likelihood of
working full-time, a higher likelihood to live in temporary housing, and
a higher baseline for psychological distress than those in the noncase
course. Controlling these variables simultaneously, multiple logistic
regression analysis showed that living at temporary housing (OR = 6.4,
95% CI = 2.2-18.6, p = 0.001), having no job in 2014 (OR = 4.0, 95%
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Table 2
Prevalence of the mental illness course.
K6 case
Course 2012 2013 2014 N (%) Prevalence, % 95% CI
Total 1268 (100)
Noncase No No No 997 (78.6) 78.6 76.6-80.8
Remission
Combination 1 Yes No No 31 (2.4 5.0 2.9-7.1
Combination 2 Yes Yes No 32 (2.5)
Delayed onset
Combination 1 No Yes Yes 31 (2.4 6.2 4.2-8.4
Combination 2 No No Yes 48 (3.8)
Chronic Yes Yes Yes 46 (3.6) 3.6 1.6-5.8
Other 83 (6.5) 6.5 4.5-8.7

Mental Illness, SMI and MMI of K6; K6, Kessler 6 scale; MMI, Mild-Moderate Mental Illness (K6 score ranges from 8 to 12); SMI, Serious Mental Illness (K6 score

ranges above 13); 95% CI, 95% Confidence Interval.

CI = 1.2-14.1, p = 0.029), and having a higher K6 score at baseline
(OR = 1.6, 95% CI = 1.4-1.9, p < 0.001) differentiated the delayed-
onset course from the noncase course.

3.4. Suicidal ideation and mental illness course

In the third wave, 144 out of 1473 participants (9.8%) experienced
suicidal ideation. In those who had each course of mental illness, pre-
valence of suicidal ideation ranged from 19.4% to 65.9% (Table 5).
Logistic regression analyses examining the risk for suicidal ideation in
each mental illness course was shown in Table 5. The adjusted model
was controlled for the effects of age, sex, house damage, presence of
cohabitants, and working status. In the adjusted model, participants
who met any mental illness criteria had higher odds of suicidal ideation
than those in the noncase course. Those in the chronic course had very
high odds of suicidal ideation. Having no job in 2014 was also asso-
ciated with an increased risk of suicidal ideation (OR = 3.4, 95%
CI = 1.1-10.8, p = 0.037), while no other factors were significant in
the adjusted model.

4. Discussion

This is the first study which revealed the mental illness course from
one to three years after the Great East Japan Earthquake in 2011 using
a large community sample. Approximately one in five participants met
the criteria for a mental illness at least once during the three years.
Psychological distress at one year after the natural disaster was the risk

factor for subsequent chronic and delayed onset of mental illness.
House damage increased the risk for the chronic course of mental ill-
ness. Living at a temporary housing facility and being unemployed were
the risk factors for a delayed-onset course of mental illness. Those who
met any mental illness criteria, especially the chronic or delayed-onset
course, had higher odds of suicidal ideation three years after the dis-
aster.

4.1. Prevalence of mental illness courses

About 3.6% and 6.2% of the participants suffered from chronic and
delayed onset mental illness. Compared to the prevalence of the chronic
course of depressive symptoms after a man-made disaster (12.4% at 4
years after a disaster) (van der Velden et al., 2013), we found a lower
prevalence for the chronic course of mental illness. This difference may
be partly due to the difference in the nature of the disasters. In addition
to the findings about the chronic course, it should be noted that as
many as 6.2% of the participants experienced a delayed-onset course of
mental illness which occurred two to three years after the earthquake.
The total prevalence of chronic and delayed-onset course of mental
illness in the third year (9.8%) was higher than that of major depression
in Taiwan (6.5%) at the same point of time (Chou et al., 2007). In
addition, this total prevalence was also higher than that of depressive
symptoms in Italy (6.6%) three to five years after an earthquake
(Minardi et al., 2016), and that of common mental disorder in Japan
(7.6%) reporting as 12-month prevalence in a general population
(Ishikawa et al., 2016). This might be due to the magnitude of the Great

Table 3
Group Comparisons for Socio-demographic characteristics and Psychological distress of subjects who showed Chronic or Remission on Mental Illness Course.
Characteristics Chronic Remission Statistic variables Adjusted OR (95% CI)*
N 46 63
Age, mean (SD) 65.1 (13.3) 642 (12.2) ¢t 0.4 1.0 (0.9-1.1)
Female sex, N (%) 29 (63.0) 40 (63.5) x2 0.0 1.0 (0.4-2.6)
House damage, mean (SD) 4.4 0.9 3.7 1.4 t 3.4 1.6 (1.1-2.5)
Without cohabitants (2013), N (%) 6 (14.0) 4 (6.8) x2 1.4
Residence situation (2014), N (%) Own home 34 (73.9) 52 (86.7) x2 2.9
Temporary housing 11 (239 7 (11.7)
Disaster public housing 1 22 1 1.7)
Other (0.0) 0 (0.0)
Working status (2014), N(%) 4 days and above 6 (22.2) 9 (28.1) x2 0.5
1-3 days 1 (3.7) 2 (6.3)
Other 20 (74.1) 21 (65.6)
Seeking counselling for mental health, N(%) 11 (28.2) 13 (22.8) x2 0.4
Presence of person to consult about mental health (2013), N (%) 27 (60.0) 43 (69.4) x2 1.0
Psychological distress at baseline, mean (SD) 11.7 3.00 99 (21) ¢t 3.8 s 1.3 (1.1-1.6)

*p < 0.05, **p < 0.01; Mental Illness, SMI and MMI of K6; K6, Kessler 6 scale; MMI, Mild-Moderate Mental Illness (K6 score ranges from 8 to 12); SMI, Serious
Mental Illness (K6 score ranges above 13); House Damage was dealt with numeric (1: no damage ~ 5: total collapse); Psychological distress was measured by K6; OR,

0Odds Ratio; 95% CI, 95% Confidence Interval.

2 The multivariate logistic regression analysis adjusting for age, sex, house damage, and psychological distress at baseline.
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Table 4
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Group Comparisons for Socio-demographic characteristics and Psychological distress of subjects who showed Delayed onset or Noncase on Mental Illness Course.

Characteristics Delayed onset Noncase Statistic variables Adjusted OR (95% CD)*
N 79 997
Age, mean (SD) 66.4 (12.4) 65.8 (10.7) t 0.5 1.0 (0.9-1.0)
Female sex, N (%) 46 (58.2) 487 (48.8) x2 2.6 1.3 (0.6-2.9)
House damage, mean (SD) 3.9 (1.3) 35 (1.3) t 2.8 wx 1.0 (0.7-1.5)
Without cohabitants (2013), N (%) 13 (20.3) 77 (8.1) x2 10.9 i 1.9 (0.7-5.5)
Residence situation (2014), N (%) Own home 54 (74.0) 848 (88.9) x2 20.3 w 1.0
Temporary housing 17 (23.3) 82 (8.6) 6.4 o (2.2-18.6)
Disaster public housing 1 (1.4) 2 0.2) 0.0 (0.0-)
Other 1 (1.4) 22 2.3) 1.8 (0.2-16.9)
Working Status (2014), N(%) 4 days and above 6 (11.8) 180 (27.9) x2 7.6 1.0
1-3 days 2 3.9) 42 (6.5) 2.0 (0.3-11.6)
Other 43 (84.3) 423  (65.6) 4.0 * (1.2-14.1)
Seeking Counselling for Mental Health, N(%) 6 (8.3) 15 (1.6) x2 15.3 i 1.3 (0.2-9.2)
Presence of Person to Consult about Mental Health (2013), N (%) 57 (75.0) 730 (78.4) x2 0.5
Psychological distress at baseline, mean (SD) 3.5 (2.5) 1.3 (19 ¢t 7.9 wx 1.6 ok (1.4-1.9)

*p < 0.05, **p < 0.01; Mental Illness, SMI and MMI of K6; K6, Kessler 6 scale; MMI, Mild-Moderate Mental Illness (K6 score ranges from 8 to 12); SMI, Serious
Mental Illness (K6 score ranges above 13); House Damage was dealt with numeric (1: no damage ~ 5: total collapse); Psychological distress was measured by K6; OR,

0Odds Ratio; 95% CI, 95% Confidence Interval.

? The multivariate logistic regression analysis adjusting for age, sex, house damage, without cohabitants, residence situation, working status, seeking counselling

for mental health, and psychological distress at baseline.

East Japan Earthquake, referred to as a triple disaster (earthquake,
tsunami, and nuclear power plant accident) (Suzuki and Kim, 2012),
and the resulting consequences individuals and their environmental
resources.

4.2. Risk factors for chronic/delayed-onset course

Higher psychological distress at the first wave was a risk factor for
chronic and delayed-onset courses of mental illness. This result accords
with previous studies that reported that psychological distress or de-
pressive symptoms predicted those symptoms at a subsequent survey,
which was conducted more than 12 months after the previous survey
(Ye et al., 2014; Beard et al., 2008; van der Velden et al., 2008). The
present study added that psychological distress at one-year after a
disaster predicted mental illness course in the subsequent two years
including a delayed-onset course. Higher psychological distress at the
first wave may reflect vulnerability to stress in general. Alternatively,
higher psychological distress at the first wave might reflect an un-
measured serious affect by the disaster such as missing close ones.

Among those who had any mental illness at baseline, more serious
house damage was the risk factor for the chronic course of mental ill-
ness. This was in line with a previous meta-analysis that reported that
house damage was associated with depression in adult victims two
months to three years after the natural disaster (Tang et al., 2014).
However, most studies included in this meta-analysis adopted a cross-
sectional design, and no study examined whether house damage lead to
the chronic course of depression (Tang et al., 2014). The current results
added further evidence that house damage could also be a risk factor for
the chronic course of mental illness, for as long as three years after the

Table 5

natural disaster.

Among those without mental illness at the first wave, living at
temporary housing at three years after the disaster increased the risk for
the delayed-onset course of mental illness. This was in accordance with
a previous cross-sectional study after an earthquake (Xu et al., 2013).
The study reported that individuals who were in the prefabricated
house had higher depressive symptoms than those in other residences
(Xu et al., 2013). Although the study revealed the association between
living at a temporary housing facility and increased depressive symp-
toms, at one year after the earthquake, did not investigate whether the
residential situation was related to the long-term course of mental ill-
ness. The present study suggests that difficulty in leaving temporary
housing and resettling in a new residence may cause the delayed-onset
course of mental illness.

In addition, being unemployed three years after the disaster was
associated with an increased risk for the delayed onset of mental illness.
This result was consistent with the previous findings that unemploy-
ment increased the risk of depression or psychological distress at 2-4
months to three years after natural disasters (Oyama et al., 2012; Tang
et al., 2014). However, all of these previous studies were of cross-sec-
tional designs, and no studies had investigated whether employment
status was related to the longitudinal course of mental health problems.
The present study added evidence that even among those without
mental illness soon after the disaster, unemployment was associated
with the delayed onset of mental illness.

4.3. Suicidal ideation in each course of mental illness

Approximately one in ten residents suffered from suicidal ideation

Prevalence and logistic regression analyses for suicidal ideation from mental illness course.

Suicidal ideation Crude OR 95% CI Adjusted OR 95% CI
Course N Presence, N % (95% CI)
Noncase 989 31 3.1 (2.2-4.2) 1.0 1.0
Remission 62 12 19.4 (11.3-29.6) 7.4 3.6 - 15.3 10.5 3.3 - 33.3
Delayed onset 79 34 43.0 (32.9-54.7) 23.3 13.2 - 41.3 23.3 8.8 - 61.4
Chronic 44 29 65.9 (54.5-81.4) 59.7 29.1 - 122.6 60.2 19.2 - 188.7
Other 82 21 25.6 (17.1-35.3) 10.6 5.8 - 19.6 16.0 6.7 - 38.4

Mental Illness, SMI and MMI of K6; K6, Kessler 6 scale; MMI, Mild-Moderate Mental Illness (K6 score ranges from 8 to 12); SMI, Serious Mental Illness (K6 score
ranges above 13); OR, Odds Ratio; 95% CI, 95% Confidence Interval; In the adjusted model, age, sex, house damage, presence of cohabitants, residence situation,

working status, seeking counselling for mental health were designated as covariate.
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in the third wave of this study. The prevalence of suicidal ideation in
the present study was higher than that in the previous studies (6.0% at
three years after the Chi-Chi earthquake in Taiwan, and 3.3% at one
years after the earthquake of L'Aquila in Italy) (Chou et al., 2007;
Stratta et al., 2012). Previous findings suggested that suicide rate in the
affected area decreased until two years but increased after three to four
years (Matsubayashi et al., 2013; Stratta and Rossi, 2013). The differ-
ence in prevalence of suicidal ideation between studies may be due to
the difference in study time point after disasters, size of disaster, and/or
sample size (Chou et al., 2007; Stratta et al., 2012).

Those who met any mental illness criteria during the three years,
had increased risk for suicidal ideation than those who did not.
Especially, the risk of suicidal ideation was high in the delayed onset
and chronic courses of mental illness. This result was consistent with
the previous longitudinal study, which showed that current depression
was an important risk for suicidality at three years after the natural
disaster (Chou et al., 2007). In addition to the previous finding, the
present study suggested that not only current depression but also long-
term course of mental illness were associated with highly increased risk
of suicidality at three years after the natural disaster.

4.4. Implications

We can take several clinical implications from the present study.
More than 20% of people suffered from a form of mental illness during
the three years after the natural disaster. Long-term support for mental
health was needed as a result. Housing, occupational and mental health
support may be required to prevent mental illness in people in the af-
fected area. In order to prevent mental illness with delayed onset, more
attention should be paid to people at temporary housing facilities, long
after a disaster. A substantial proportion of people living at temporary
housing facilities also suffered from a chronic course of mental illness.
Assessment of employment and/or financial status on the residents may
be required for estimating the risk of delayed onset of mental illness. In
terms of suicide prevention, special attention would be required for
those with chronic and delayed-onset mental illness.

4.5. Limitations

This study has several methodological limitations. First, residents
who did not participate in all three waves were more likely to have
mental illness at the first wave, suggesting that individuals with serious
psychological distress might not participate in this study. Due to a
substantial attrition rate, the prevalence of mental illness might be
underestimated in the community. Second, it is unclear whether the
present findings can be applicable for a younger population. However,
according to the national registry of Japanese citizens, the Basic
Resident Register, approximately half (48.1%) the number of adult
residents in the Higashi-Matsushima city were 55 years or older. It in-
dicates that this study sample may represent the population in the af-
fected area. Third, a causal relationship is unclear between the courses
of mental illness and several factors such as the residence situation and
working status assessed in the third wave of data collection. Fourth, this
study did not investigate some factors that could affect the mental ill-
ness courses including pre-disaster mental health, receiving medical
treatment, and injury/loss of relatives (Ye et al., 2014; Bread et al.,
2008; Lowe et al., 2015).

4.6. Conclusions

This is the first cohort study to investigate long-term mental illness
courses and their risk factors, and the association with risk for suicidal
ideation in a large community sample after a huge natural disaster.
Approximately one in five participants suffered a mental illness at least
once during the three years after the Great East Japan Earthquake. A
substantial proportion of residents experienced a chronic and delayed-
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onset course of mental illness. Higher psychological distress at the
baseline, house damage, living at temporary housing facilities and un-
employment long after the disaster, were risk factors for chronic and
delayed-onset courses. Since, those who met the criteria for chronic or
delayed-onset courses comprised a higher risk population of suicidality;
housing, occupational, as well as psychological support may be essen-
tial for suicide prevention after a huge natural disaster.

4.7. Future research

Following issues should be addressed in future studies. First, our
findings have not been applied on a young population. To investigate
the long-term course of mental illness in youth may promote our un-
derstanding of long-term mental problems on all age ranges after a
natural disaster. Second, there is a need to examine the causal re-
lationship between unemployment or living at temporary housing and
delayed-onset course of mental illness. Last, we also need to know if
pre-disaster mental health, receiving medical treatment, and injury/loss
of relatives can predict long-term mental problems. To address these
issues in future work, this study may prove beneficial for developing a
long-term mental health care strategy.
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