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Abstract
The Great East Japan Earthquake severely damaged the Tohoku and Kanto districts, and Fukushima 
Prefecture faced a subsequent nuclear disaster. Few studies have reported the effects of socioeco-
nomic stressors on individuals’ mental status following disasters. We analyzed the responses of 
60,704 adult residents of a designated restricted area to the PTSD Checklist-Stressor-Specific Ver-
sion (PCL-S). The relationships between the PCL-S scores and demographic, socioeconomic, and 
damage-related variables were analyzed using regression analysis to predict participants’ severity of 
PTSD symptoms. Approximately 14.1% of evacuees had severe PTSD symptoms (PCL-S ≥50) 
eighteen months post-earthquake. The PCL-S scores were higher among women, older adults, 
less educated people, those with a history of mental illness, and those living outside Fukushima Pre-
fecture. The PCL-S scores increased with participants’ scores on the Kessler Psychological Dis-
tress Scale. The number of trauma-exposure stressors and socioeconomic stressors were associ-
ated with 1.52 and 3.77 increases in the PCL-S score, respectively. Furthermore, psychological 
distress, unemployment, decreased income, house damage, tsunami experience, nuclear power plant 
accident experience, and loss of someone close due to the disaster were associated with the preva-
lence of severe PTSD symptoms. The complex triple disaster of a major earthquake, tsunami, and 
nuclear accident created significant socioeconomic changes that may be important determinants of 
PTSD among residents of restricted access areas in Fukushima.

Key words : post-traumatic stress disorder, depression, cross-sectional study, population, the 
Great East Japan Earthquake
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Introduction

The Great East Japan Earthquake of March 11, 
2011 had a recorded moment magnitude (Mw) of 9.0.　
The seismic center was approximately 130 kilome-
ters southeast of the Oshika Peninsula, Miyagi Pre-
fecture. This earthquake triggered a huge tsunami 
that severely damaged the Pacific coast of both the 
Tohoku and Kanto districts. The number of dead 
and missing people due to the earthquake and tsuna-
mi is, as of now, over 18,000, with over 400,000 hous-
es partially or totally destroyed1). The Fukushima 
Daiichi Nuclear Power Plant, located on the border 
of Okuma Town and Futaba Town, Fukushima Pre-
fecture, lost redundant sources of power due to the 
earthquake and tsunami, which led to a Level 7 (ma-
jor) nuclear accident, as measured on the Interna-
tional Nuclear Event Scale, according to the Interna-
tional Atomic Agency (IAEA)2). The nuclear 
reactor meltdown and resultant hydrogen explosions 
caused radioactive contaminants to spread over large 
areas, mainly in Fukushima Prefecture. As a result, 
Fukushima residents have experienced long-term 
environmental effects of these radioactive substanc-
es.

Studies of past nuclear accidents, such as Cher-
nobyl and Three Mile Island, have indicated that the 
most critical health problems caused by such acci-
dents were mental-health issues3,4). Among those 
who lived in areas exposed to radiation, there was a 
higher prevalence of depression, anxiety (including 
posttraumatic symptoms), and medically unex-
plained physical symptoms5). Likewise, the World 
Health Organization (WHO) concluded that mental-
health problems were the most serious of all of the 
health problems following the 2011 disaster in Ja-
pan6).

Because Fukushima residents experienced a 
triple disaster of earthquake, tsunami, and nuclear 
accident, many of them had no choice but to evacu-
ate their hometowns, and many remained evacuees 
three years later. The living conditions of these 
evacuees in the future remain uncertain. Psychiat-
ric epidemiological surveys following past disasters 
have revealed a number of risk factors for disaster 
victims7). In this triple disaster, however, the added 
possibility of health distress due to radiation expo-
sure likely affected residents’ long-term mental 
health considerably, in addition to the previously 
identified risk factors. Even medical assistance 
team-workers showed psychological distress con-
cerning radiation exposure after March 20118).

Many surveys have revealed that survivors of 

natural disasters, such as earthquakes and tsunamis, 
often present with posttraumatic stress disorder 
(PTSD). However, for man-made disasters, such 
as the Chernobyl nuclear reactor accident and the 
9/11 World Trade Center terrorist attacks, studies 
have found that PTSD occurs in both local residents 
and disaster-relief workers3,4).

As long-term mental-health care was consid-
ered important for increasing survivors’ capacity for 
resilience in post-Fukushima recovery, an epidemio-
logical survey (the “Mental Health and Lifestyle 
Survey”) was conducted as part of the Fukushima 
Health Management Survey. It aimed to ascertain 
the psychological consequences that followed this 
nuclear accident and to provide appropriate care to 
the Fukushima residents9). This study’s purpose 
was twofold : (1) to examine the relationships be-
tween PTSD symptoms and socioeconomic status 
and damage-related situations using data obtained 
from the Fukushima Health Management Survey of 
Fiscal Year 2011, and (2) to identify possible direc-
tions for future studies and support implementation 
efforts.

Materials and methods

Design

This study analyzed data from the initial year of 
the Fukushima Health Management Survey con-
ducted 18 months after the earthquake, adminis-
tered to Fukushima residents who survived the 
earthquake and faced mandatory evacuation from 
their residence because of the Fukushima Daiichi 
Nuclear Power Plant accident. This cross-sectional 
health survey was used to assess effects of the nu-
clear accident and accompanying changes in living 
status experienced by these long-term refugees.　
The survey’s details are provided in Yasumura et 
al.9). In the present cross-sectional study, we used 
data from adults (15 years old and over at the time of 
the earthquake) who completed the Fukushima 
Health Management Survey 18 months after the di-
saster.

This survey and study were approved by the 
Ethics Committee of Fukushima Medical University 
(#1316).

Participants

The survey population consisted of 210,189 of-
ficially registered residents of a nationally designat-
ed restricted area ; all of them were identified as 
candidates for participation in the survey. The 
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number of adults born before April 1, 1995, was 
180,604 (88,085 men and 92,519 women ; 78,245 
persons were aged 15-49 years ; 49,139 were aged 
50-64 years ; and 53,220 were 65 years and above).　
The registered earthquake restricted area included 
13 municipalities : Hirono Town, Naraha Town, To-
mioka Town, Kawauchi Village, Okuma Town, Futaba 
Town, Namie Town, Katsurao Village, Iitate Village, 
Minamisoma City, Tamura Town, Kawamata Town, 
and part of Date City.

Figure 1 shows this study’s participant selec-
tion process. We mailed 180,604 questionnaires 
from the end of January to the beginning of February 
2012, to house addresses that were current at the 
time of the survey, regardless of whether the pres-
ent address was inside or outside of Fukushima Pre-
fecture. By the end of October 2012, 73,569 ques-
tionnaires were returned with responses (40.7% 
response rate) and 70,193 of these questionnaires 
(95.4%) had been returned by the end of March 
2012. Of these, 12,865 were excluded from the 
analysis (136 were blank or duplicates ; 9,245 were 
completed by a proxy, and 3,484 had more than one 
missing value on the PTSD Checklist-Stressor Spe-
cific Version [PCL-S]). If there was only one PCL-

S value missing, we substituted the missing value 
with the average value of the 16 remaining items.　
In all, we used data from 60,704 participants (26,752 

men and 33,952 women ; 22,505 respondents were 
aged 15-49 years ; 19,542 were 50-64 years ;  18,657 
were 65 years and above) (Table 1). The response 
rates of each restricted area were 35.1% in Hirono, 
42.1% in Naraha, 45.0% in Tomioka, 43.3% in Kawau-
chi, 48.0% in Okuma, 50.0% in Futaba, 51.8% in Na-
mie, 53.4% in Katsurao, 41.6% in Iitate, 40.4% in 
Minamisoma, 31.2% in Tamura, 37.7% in Kawamata, 
and 39.9% in part of Date ;  comparatively higher re-
sponse rates are associated with municipalities 
around the nuclear power plant.

Data collection and measurements

PTSD Checklist-Stressor Specific Version.　
The PCL-S was used to evaluate PTSD symptoms.　
This scale is a 17-item self-report checklist based 
on the Diagnostic and Statistical Manual of Mental 
Disorders, 4th edition (DSM-IV) criteria10), and each 
item is rated using a Likert-type scale from 1 (not at 
all) to 5 (extremely)11). Respondents are requested 
to answer all items by indicating the degree to which 
they have experienced various PTSD symptoms 
over the past month. The total PCL-S score, which 
is calculated by summing the ratings for each item, 
ranges from 17 to 85.

In addition to the PCL-S, the following items 
were included on the self-assessment and self-re-
port questionnaires.

Demographic and background char ac ter is-
tics.　The participants’ characteristics were sex, 
age group, educational attainment, history of mental 
illness, and mental-health status. Age groups were 
divided into childbearing age (15-49 years), middle 
age (50-64 years), and old age (65 years and above).　
Educational attainment was divided into elementary 
school or junior high school (≤9 years education), 
high school (10-12 years education), vocational col-
lege or junior college (13-15 years education), and 
university or graduate school (≥16 years education).

Mental-health status (non-specific psychologi-
cal distress) was evaluated using the Kessler Psy-
chological Distress (K6) Scale12). The validation of 
the Japanese version has been reported previous-
ly13,14).

Socioeconomic variables. The socioeco-
nomic variables included type of work and changes 
in work situation after the earthquake. A “Yes” an-
swer to the latter question indicated that the person 
started a new job, became unemployed, changed 
jobs, or experienced an increase or decrease in in-
come.

Disaster-related variables. The disaster-
related variables consisted of current residence (in-Figure 1. Flowchart of the study’s target population.
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side or outside Fukushima Prefecture), classification 
of house damage, as certified by the government (no 
damage, partial damage, partial collapse, partial but 
extensive collapse, and total collapse), living ar-
rangement at the time of the survey (evacuation 
shelter, temporary housing, rental housing/apart-
ment, relatives’ home, and own home), experiencing 
the tsunami, experiencing the nuclear power plant 
accident (defined as hearing the explosion), and los-
ing someone close because of the disaster.

Data analysis

The focus of the data analysis was the partici-
pants’ answers to the survey (N = 60,704). First, 
we compared the PCL-S score with the median and 
the interquartile range. Using age- and sex-adjust-
ed analysis of covariance (ANCOVA), log-trans-
formed PCL-S scores were then compared by age, 
sex, years of education, history of mental illness, 
and municipality. Dunnett’s procedure was used to 
test for significant differences between each catego-
ry. Log-transformed PCL-S scores were also com-
pared by socioeconomic- and disaster-related vari-
ables using ANCOVA adjusted for age and sex. The 
Dunnett’s procedure was also used to test for signif-
icant differences between each category after AN-
COVA. For age grouping, the analysis was con-
ducted by first dividing the population into two 
groups (the labor force at 15-64 years old and the 
participants ≥65 years old), and then dividing the 
15-64 age group into two groups at approximately 
the median age (50 years).

Multivariate-adjusted regression analyses were 
used to predict PCL-S point increases, based on the 
background variables of the respondents (sex [wom-
en = 0, men = 1], age [continuous variable], history 
of mental illness [No = 0, Yes = 1], educational sta-
tus [elementary or junior high school = 0, high school 
= 1, vocational school or junior college = 2, univer-
sity or graduate school = 3], residence [outside Fu-

kushima Prefecture = 0, inside Fukushima Prefec-
ture = 1]). We also conducted regression analysis 
to predict PCL-S scores by mental-health status, as 
measured by the K6 Scale (continuous variable).　
Three new variables were also created to examine 
the effect of multiple disaster stressors.　The new 
variables were defined as the sum of (1) the trauma-
exposure stressors, (2) the displacement stressors 
and (3) the socioeconomic stressors, all considered 
to be major stressors15). Thus, the trauma-exposure 
stressors consisted of experience of the tsunami 
(Yes/No), experience of the nuclear power plant ac-
cident (Yes/No), and the loss of someone close be-
cause of the disaster (Yes/No). The displacement 
stressors consisted of house damage (less than par-
tial collapse/partial collapse and worse) and living 
arrangements (own house/other than own house).　
The socioeconomic stressors consisted of decreased 
income (Yes/No) and unemployment (Yes/No).　
These socioeconomic- and disaster-related factors 
were incorporated into the variables by referring to 
previous reports13,15,16). The regression analyses 
were also performed on the newly created variables.　
The interaction of trauma-exposure stressors, dis-
placement stressors and socioeconomic stressors 
were estimated by analysis of variance using gener-
alized linear model. Since the PCL-S cutoff score 
of 50 was used to determine PTSD prevalence, as 
recommended by Weathers et al.17), a PCL-S score of 
≥50 was defined as having provable PTSD, and the 
socioeconomic- and disaster-related factors related 
to provable PTSD were examined by multivariate-

adjusted modified Poisson regression analysis.
Data were analyzed with SAS, version 9.4, sta-

tistical software package (SAS Institute, Cary, NC, 
USA). All probability values for the statistical tests 
were two-tailed, with p values <0.05 considered 
statistically significant.

Table 1. Subject Characteristics by Sex and Age Groups.

All residents (%) All respondents (%) Those who were analyzed (%)

Sex
Men 88,085 (48.8%) 32,301 (43.9%) 26,752 (44.0%)

Women 92,519 (51.2%) 41,132 (55.9%) 33,952 (55.9%)

Age group

15-49 years 78,245 (43.3%) 25,027 (34.0%) 22,505 (37.1%)

50-64 years 49,139 (27.2%) 21,340 (29.0%) 19,542 (32.2%)

65 years and above 53,220 (29.5%) 27,066 (36.8%) 18,657 (30.7%)

Total 　 180,604 73,569 60,704

Among 180,604 persons who were mailed questionnaires in this survey, 73,569 responded (response rate 
were 40.7%). 60,704 were analyzed after exclusion criteria were applied.
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Results

Figure 2 shows the distribution of PCL-S 
scores, which was positively skewed with a median 
of 29. When the PCL-S cut-off score of 50 was 
used as a threshold for provable PTSD, the total 
number of PCL-S high scorers (PCL-S ≥50) was 
9,037 (14.1% of the number of surveys analyzed, i.e., 
the study sample). The demographic and back-
ground characteristics, socioeconomic and disaster-
related variables, and the PCL-S scores (with the 
medians and the inter-quartile ranges) are presented 
in Tables 2 and 3.

Demographic and background characteristics

The median PCL-S score was higher among 
women compared to men (Table 2). The median 
PCL-S score was highest for the oldest group and 
lowest for the youngest group. People who had a 
history of mental illness were more likely to have a 
high PCL-S score.

Socioeconomic variables

Concerning type of employment, the median 
PCL-S score was lower among full-time employees 
than either part-time employees or the unemployed 
(including students and full-time homemakers) (Ta-
ble 3). More than half of the participants experi-
enced a change in work situation, and the median 
PCL-S score differed between these two groups.　
As for loss of employment, the median PCL-S score 
differed between the groups, as was the case of job 
change. Regarding increased income, the median 

of the high PCL-S scorers differed between the 
groups.

Disaster-related variables

More than 80% of the individuals reported liv-
ing in Fukushima Prefecture. The median PCL-S 
score was higher for people living outside of Fuku-
shima Prefecture (Table 3). The median PCL-S 
scores for those living in a shelter were higher than 
for the others. The median PCL-S scores were 
higher among people who had experienced the tsu-
nami, the nuclear power plant accident, and lost 
someone close due to the disaster, compared with 
people who had not.

Regression analysis

As shown in Table 4, the PCL-S score was 
higher among women, older participants, and less-
educated participants. The PCL-S score also was 
significantly related to a history of having a mental 
disorder. As compared to participants who had no 
previous mental illness, the estimated parameter 
(EP) for those who reported a prior mental disorder 
was 4.29 for the multivariate-adjusted model. The 
median PCL-S score was lower for participants liv-
ing inside Fukushima Prefecture. As compared to 
the refugees living outside Fukushima, the EP for 
participants living inside it was −1.23 in the multi-
variate-adjusted model. Regarding mental-health 
status, a 1.81 increase in PCL-S score was associat-
ed with a one point increase in the K6 score in the 
multivariate-adjusted model.

Table 4 also shows that the PCL-S score in-

Figure 2. Distribution of PCL-S scores by age among men and women
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creased with increased numbers in trauma-expo-
sure, displacement, and socioeconomic stressors.　
Each additional trauma-exposure stressor was asso-
ciated with a 1.52 increase in the PCL-S score ad-
justed for age and sex. On the other hand, the 
number of displacement stressors and socioeconom-
ic stressors were associated with increases in the 
PCL-S score by factors of 2.20 and 3.77, respectively.　
The interaction between these three stressors was 
significant (p value was 0.049).

Categorical analysis

Table 5 presents the adjusted odds ratios (ORs) 
and 95% CIs for the prevalence of provable PTSD 
(PCL-S ≥50) according to socioeconomic status and 

disaster-related variables. Psychological distress, 
unemployment, changing jobs, decreased income, 
house damage (total collapse), tsunami experience, 
nuclear power plant accident experience, and loss of 
someone close due to the disaster were associated 
with the prevalence of provable PTSD. Further-
more, the age- and sex-adjusted ORs (95% CIs) 
were 8.28 (7.94-8.63), 1.62 (1.54-1.69), 1.14 (1.03-

1.27), 1.44 (1.34-1.48), 11.16 (8.28-15.04) (total col-
lapse versus no damage), 1.73 (1.66-1.81), 2.10 
(2.00-2.19), and 1.86 (1.77-1.94), respectively. Af-
ter further adjusting for socioeconomic status and 
disaster-related variables, the ORs decreased.　
However, the significant associations remained, ex-
cept for job changes.

Table 2. The Associations of Participants’ Demographic and Background Characteristics with PTSD Severity.

　 　
Total PCL-S

Number % Mean SD Median 25th 75th ANCOVA 
p-value

Post hoc 
p-valuea

Sex

Men 26,752 44.1 31.11 0.09 27 20 38 <0.001

Women 33,952 56.0 34.51 0.08 30 22 43

Age (years)

15-49 22,505 37.1 31.42 0.10 27 21 38 <0.001 Reference

50-64 19,542 32.2 32.82 0.11 29 21 40 <0.001

≥65 18,657 30.7 35.14 0.11 31 22 45 <0.001

Education level

Elementary or junior high school 14,743 24.3 34.72 0.12 31 21 44 <0.001 Reference

High school 30,179 49.7 32.90 0.09 29 21 41 <0.001

Vocational school or junior college 10,520 17.3 32.61 0.14 29 22 40 <0.001

University or graduate school 5,262 8.7 29.77 0.20 26 20 36 <0.001

History of mental illness

Yes 2,924 4.8 46.80 0.27 46 32 32 <0.001

No 57,786 95.2 32.32 0.06 28 21 39

Residence area as of March 11, 2011

Hirono 1,385 2.3 32.80 0.39 28 21 40 <0.001

Naraha 2,322 3.8 34.53 0.30 31 22 43

Tomioka 5,041 8.3 34.84 0.21 31 22 44

Kawauchi 858 1.4 33.39 0.50 30 21 43

Okuma 3,860 6.4 35.98 0.23 32 23 45

Futaba 2,439 4.0 36.39 0.29 33 24 46

Namie 7,817 12.9 35.30 0.16 32 23 44

Katsurao 536 0.9 34.89 0.63 32 23 43

Iitate 1,816 3.0 34.51 0.34 30 22 44

Minamisouma 20,204 33.3 33.24 0.10 29 21 41

Tamura 9,171 15.1 29.43 0.15 25 19 35

Kawamata 4,386 7.2 27.97 0.22 24 19 33

Part of Dateb 869 1.4 29.00 0.49 24 19 34

Note :  25th and 75th = 25th and 75th percentiles ; PCL-S = Posttraumatic Stress Disorder Checklist-Stressor Specific 
Version.　aDunnett’s procedure was used for all analyses. bRestricted residential areas of Date City, as designat-
ed by the government
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Table 3. Socioeconomic and Disaster-Related Variables with PTSD Severity.

　 　 　 　 Total PCL-S

　 　 　 　 Number % Mean SD Median 25th 75th ANCOVA 
p-value

Post hoc 
p-valuea

Socioeconomic Variables

Type of work
Full-time 16,042 34.1 29.97 0.11 26 20 36 <0.001 Reference

Part-time  3,810 8.1 32.26 0.23 29 21 39 0.758

Unemployedb 27,225 57.9 33.78 0.08 30 22 42 <0.001

Changed work situation
Yes 31,987 55.5 35.50 0.08 32 23 44 <0.001

No 25,681 44.5 29.41 0.09 25 20 36
Started a new job

Yes  1,083 3.4 35.93 0.45 31 22 45 <0.001

No 30,904 96.6 32.96 0.06 32 23 44
Became unemployed

Yes 12,917 40.4 36.87 0.13 33 24 46 <0.001

No 19,070 59.6 31.98 0.07 22 43  9
Changed jobs

Yes  2,548 8.0 34.17 0.30 29 22 40 <0.001

No 29,439 92.0 32.97 0.06 32 23 45
Income has increased

Yes    761 2.4 32.20 0.53 27 20 39 0.008

No 31,226 97.6 33.03 0.06 32 23 44
Income has decreased

Yes 11,560 36.1 35.52 0.14 32 23 44 <0.001

No 20,427 63.9 32.43 0.07 28 21 40
Disaster-Related Variables

Living place
Inside Fukushima Prefecture 48,902 80.6 32.40 0.07 28 21 40 <0.001

Outside Fukushima Prefecture 11,802 19.4 35.56 0.14 31 23 44
House damage

No 16,035 28.1 29.71 0.12 25 20 35 <0.001 Reference

Partial damage 31,977 56.1 33.21 0.08 29 21 41 <0.001

Partial collapse  4,296 7.5 37.17 0.22 34 24 47 <0.001

Partial but extensive collapse  1,593 2.8 39.37 0.36 36 25 51 <0.001

Total collapse  3,104 5.5 37.38 0.26 34 23 48 <0.001

Living arrangement at survey
Evacuation shelter   539 1.1 35.53 0.62 33 22 48 <0.001 Reference

Temporary housing  5,580 11.5 34.79 0.19 31 23 44 0.2696

Rental housing/apartment 20,015 41.1 34.44 0.10 30 22 42 0.0011

Relative’s home  2,207 4.5 33.94 0.30 30 22 42 0.0250

Own home 18,289 37.6 29.13 0.11 25 19 35 <.0001

Other  2,061 4.2 33.64 0.32 29 21 41.5 0.0006

Experience of tsunami
Yes 12,306 20.3 37.14 0.13 34 24 47 <0.001

No 48,398 79.7 31.97 0.07 28 21 39
Experience of nuclear power plant accidentc

Yes 32,006 52.7 36.02 0.08 33 23 46 <0.001

No 28,698 47.3 29.66 0.09 25 20 35
Loss of someone close because of the disaster

Yes 11,813 19.8 36.02 0.08 35 25 49 <0.001
　 　 No 　 47,863 80.2 29.66 0.09 27 21 39

Note :  25th and 75th = 25th and 75th percentiles ; PCL-S = Posttraumatic Stress Disorder Checklist-Stressor Specific Ver-
sion. aDunnett’s procedure was used for all analyses. bIncludes students and full-time homemakers. cDefined 
as having heard an explosion caused by the nuclear accident.
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Discussion

This study aimed to document the restricted 
area residents’ levels of PTSD symptoms and the 
relationships between these symptoms and demo-
graphic characteristics, socioeconomic status, and 
disaster-related variables. Participants were resi-
dents over 15 years of age who lived in the restrict-
ed area of Fukushima Prefecture. Among the evac-
uees in the study sample, 9,037 (14.1%) had severe 
PTSD symptoms (PCL-S ≥50) eighteen months af-
ter the earthquake. Previous reports have indicat-
ed that the prevalence of PTSD per year in Japan 
was approximately 0.4%18). Thus, a disproportion-
ately large number of residents in the restricted area 
appeared to have experienced symptoms of PTSD 
following the disaster. As for demographic infor-
mation, women, older adults, those with lower aca-
demic achievement, and those with a history of 
mental illness tended to have higher PTSD scores.　
In particular, participants who had a history of men-
tal illness reported severe PTSD symptoms. Re-
garding the disaster-related stressors, people who 
experienced either the tsunami or nuclear power 
plant disaster, who lost family members or relatives, 
or who had serious house damage had higher PCL-S 
scores and had the risk of provable PTSD. Addi-
tionally, those who had to evacuate from Fukushima 
Prefecture or had to evacuate their houses for ac-
commodations at a shelter or temporary housing 

showed severe PTSD symptoms. Regression anal-
yses revealed that a greater quantum of exposure to 
disaster factors and socioeconomic status also con-
tributed to significantly predicting PTSD. These 
findings have important implications regarding men-
tal-health concerns that warrant special attention in 
order to support evacuees after large-scale disas-
ters.

Many surveys have reported that PTSD is often 
observed after earthquake disasters19,20). After the 
1995 Hanshin-Awaji Great Earthquake in Japan, 
many survivors exhibited PTSD symptoms21,22). In 
a survey conducted sixteen months after the earth-
quake, the prevalence of PTSD among office work-
ers in the disaster area was 3.1%, while 10.1% of the 
workers were not diagnosed with PTSD but had 
some PTSD symptoms23). Another survey of 128 
victims in the Hanshi-Awaji area (62 men and 66 
women ; mean age, 32.1 years old) 3-4 months after 
the earthquake revealed that the prevalence of 
PTSD was 12.90% for men, 9.09% for women, and 
10.94% for the total sample24). Although comparing 
the present study with these previous studies is dif-
ficult because of differences in the subjects and sur-
vey methods, a higher proportion of subjects in the 
present study appear to have PTSD symptoms, even 
after taking age into account.

Earthquake-induced tsunamis can also cause 
further damage to surrounding coastal areas25). An 
epidemiological study, conducted among 1,294 work-

Table 4. Estimated Parameters and 95% Confidence Intervals of PCL-S Scores on the Regression Analysis.

Adjusted for age and sex Multivariate adjustedc

EP 95% CI EP 95% CI

Sex Women 0 ; Men ; 1 −3.43a −3.66 −3.20 −1.35 −1.52 −1.86

Age Years 0.10b 0.10 0.11 0.10 0.09 0.10

Psychiatric history No, 0 ; Yes, 1 14.24 13.71 14.77 4.29 3.91 4.68

Education level Less than 10 years, 1 ; 10-12 years, 
2 ; 13-15 years, 3 ; more than 15 
years ; 4

−0.82 −0.96 −0.68 −0.63 −0.73 −0.53

Living place Outside Fukushima, 0 ; Inside Fu-
kushima, 1

−3.09 −3.58 −3.11 −1.23 −1.44 −1.02

Mental-health status (K6) Score (0-24) 1.81 1.79 1.82 1.74 1.72 1.75

Number of trauma-exposure 
stressors Number (0-3) 1.52 1.43 1.62 0.84 0.77 0.91

Number of  displacement 
stressors Number (0-2) 2.20 1.81 2.59 0.59 0.32 0.86

Number of socioeconomic 
stressors Number (0-2) 3.77 3.57 3.97 1.29 1.15 1.43

Note :  PCL-S = Posttraumatic Stress Disorder Checklist-Stressor Specific Version ; EP = Estimated parameter ; SD 
= Standard deviation ; CI = Confidence interval. R2 of the multivariable regression analysis was 0.529.  
aAge was adjusted. bSex was adjusted. cFurther adjusted for psychiatric history, education, living place, mental-
health status, trauma-exposure stressors, displacement stressors, and socioeconomic stressors.
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ers (local municipality workers, n = 610 ; hospital 
medical workers, n = 357 ; firefighters, n = 327) in 
coastal areas of Miyagi Prefecture14 months after 
the Great East Japan Earthquake, found that the 
prevalence of probable PTSD among local municipal-
ity workers, hospital medical workers, and firefight-
ers was 6.6%, 6.6%, and 1.6%, respectively26). Ac-
cording to that study, an increased risk of PTSD was 
associated with lack of rest in the municipal and 
medical workers, lack of communication with medi-
cal workers, and municipal workers’ involvement in 
disaster-related work. These findings elucidate 
the importance of socioeconomic stressors as a risk 
factor of PTSD. Since most studies on PTSD after 
the Great East Japan Earthquake have focused on 
medical staff and workers27), making simple compari-
sons with the results of the current study is difficult.　

However, a review reported that a higher proportion 
of residents and workers in the affected areas of Fu-
kushima Prefecture had PTSD symptoms than in 
any of the previous studies, suggesting that the nu-
clear power plant accident may have had some ef-
fect27).

After the nuclear power plant meltdown in 
Chernobyl, people near the accident site presented 
with long-term mental-health problems, including 
PTSD28). Bromet, Havenaar, and Guey5) reported 
that technological disasters predict PTSD in approxi-
mately 15% to 75% of the survivors, depending on 
the gravity, severity, and level of threat from the di-
saster, the risk population, and the timing of the 
study. In the present survey, people who had expe-
rienced a nuclear disaster showed severe PTSD 
symptoms, and those evacuated due to the accident 

Table 5.  Odds ratios (OR) and 95% CIs for prevalence of provable PTSD among evacuees on modified Poisson regres-
sion analyses.

　  Age- and sex-adjusted 
 OR (95% CI)

Multivariate adjusted 
OR (95% CI) a

Sex Men (reference) 1.00 (reference) 1.00 (reference)

Women 1.96 (1.80-2.13) 1.46 (1.33-1.60)

Age 15-44 (reference) 1.00 (reference)
1.00 (reference)
1.10 (0.94-1.28)
1.15 (0.92-1.44)
1.21 (0.89-1.63)
1.27 (0.87-1.85)

45-54 1.23 (1.07-1.42)

55-64 1.37 (1.10-1.69)

65-74 1.52 (1.14-2.02)

≥75 1.68 (1.18-2.40)

Living place Outside Fukushima (reference) 1.00 (reference) 1.00 (reference)

Inside Fukushima 0.73 (0.69-0.76) 0.89 (0.85-0.94)

Psychological distress (K6 ≥13) No (reference) 1.00 (reference) 1.00 (reference)

Yes 8.28 (7.94-8.63) 7.11 (6.81-7.44)

Became unemployed No (reference) 1.00 (reference) 1.00 (reference)

Yes 1.62 (1.54-1.69) 1.17 (1.11-1.23)

Changed jobs No (reference) 1.00 (reference) 1.00 (reference)

Yes 1.14 (1.03-1.27) 1.02 (0.91-1.15)

Income has decreased No (reference) 1.00 (reference) 1.00 (reference)

Yes 1.44 (1.34-1.48) 1.16 (1.10-1.22)

House damage No (reference) 1.00 (reference) 1.00 (reference)

Partial damage
Partial collapse

2.62 (2.33-2.96) 1.75 (1.55-1.97)

4.25 (3.56-5.09) 2.31 (1.93-2.77)

Partial but extensive collapse 6.89 (5.43-8.75) 3.05 (2.40-3.89)

Total collapse 11.16 (8.28-15.04) 4.04 (2.99-5.46)

Experience of tsunami No (reference) 1.00 (reference) 1.00 (reference)

Yes 1.73 (1.66-1.81) 1.21 (1.15-1.27)

Experience of nuclear power plant 
accident

No (reference) 1.00 (reference) 1.00 (reference)

Yes 2.10 (2.00-2.19) 1.45 (1.38-1.52)

Loss of someone close because of 
the disaster

No (reference) 1.00 (reference) 1.00 (reference)

Yes 1.86 (1.77-1.94) 1.25 (1.19-1.31)

aAdjusted for age, sex, living place, psychological distress, becoming unemployed, decreased income, house damage, ex-
periencing the nuclear power plant accident, and loss of someone close.
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experienced further deterioration of their symp-
toms.

Two meta-analyses by Brewin, Andrews, and 
Valentine29) and Ozer, Best, Lipsey, and Weiss30) were 
conducted to investigate the psychosocial risk fac-
tors of PTSD. Both studies found evidence that 
both trauma-related and post-trauma related factors, 
including socioeconomic factors, predicted PTSD.　
As noted, our results are consistent with Brewin’s 
meta-analysis, showing that women, older and less 
educated people, and people with a psychiatric histo-
ry exhibited more severe PTSD symptoms. A his-
tory of mental illness was a strong predictor of 
PTSD symptoms after the disaster. In Brewin’s 
meta-analysis, trauma severity, lack of social sup-
port, and additional life stressors were somewhat 
better predictors of PTSD than pre-trauma factors.　
Consistent with this finding, our regression analyses 
showed that socioeconomic stressors tended to have 
higher estimated parameters on the PCL-S scores 
than disaster-related factors. Moreover, we could 
find significant interaction between these stressors, 
which indicates that these stressors interact for a 
further impact on PTSD. This study implied that it 
may be important to give refugees appropriate hous-
ing support or employment support as well as medi-
cal support  for PTSD. We should intensively sup-
port those who have several traumatic events, 
women, older people, or those who have psychiatric 
history. We also need to research what types of liv-
ing environments or employment arrangements we 
should provide for victims. Our regression analysis 
revealed that residence after the evacuations also af-
fected the evacuees’ symptoms, even in the multi-
variate adjusted model. Compared to the people 
living in Fukushima Prefecture, those living outside 
of it might not have received sufficient social sup-
port during the evacuation31,32). Moreover, they 
might have felt more anxious about radiation than 
those living in Fukushima, and therefore, might have 
decided to leave Fukushima. Further studies of 
perception of radiation risk should be conducted in 
the future. Although both of these meta-analyses 
show that previous trauma is an important risk fac-
tor for PTSD, this item was not included in our 
questionnaire, which is one limitation of our study.

PTSD is an anxiety problem that develops after 
extremely traumatic experiences, such as combat, 
crime, an accident, or natural disaster. This study 
showed that the nuclear power plant accident could 
also induce PTSD. The present study found that 
the PCL-S scores were significantly higher in Futa-
ba Town, followed by Okuma, Namie, and Katsurao.　

These municipalities are located near the Fukushima 
Daiichi Nuclear Power Plant. This finding appears 
to be characteristic of Fukushima Prefecture after 
the nuclear accident because invisible and inaudible 
“information” about radioactive contamination may 
cause PTSD symptoms, in addition to real life expe-
riences. In the case of Fukushima, the serious na-
ture of the negative information brought on the 
stressors, which were fears of radiation exposure, or 
“radiophobia.” The perception of radiation risk in 
Fukushima increased the psychological distress 
among evacuees13). Those who lived near the nu-
clear power plant might have had more PTSD symp-
toms or a longer delay in recovery due to the per-
ceived stigma associated with radiation, their 
wounded pride among fellow residents within their 
hometowns, or their inability to gain a long-term 
perspective. Media coverage of disasters probably 
affected the public’s perceptions by increasing fear 
and anxiety33).

There are several strengths and limitations in 
this study. The strengths are that the sample size 
is large and the participants were drawn from the 
entire population of evacuees. Although this is a 
cross-sectional study, the presumption of causality 
is strong. As for the limitations, because the re-
sponse rate was relatively low and the response rate 
varied according to sex and age groups, it is not clear 
that the respondents to the survey represented the 
population. However, when we further analyzed 
the associations of PCL scores with socioeconomic 
factors and disaster-related variables stratified by 
sex and age, the associations were essentially same 
regardless of sex and age. Furthermore, interviews 
have been used to compare the differences in sub-
ject characteristics between respondents and nonre-
spondents34). Thus, nonrespondents had a signifi-
cantly higher proportion of psychological distress 
compared with the respondents. Therefore, the 
current study may have underestimated the propor-
tion of individuals with PTSD. The other limitation 
is that PTSD symptoms were evaluated based on 
the individual questionnaires ; they were not based 
on interviews from experts.

In conclusion, this study revealed that, in addi-
tion to the earthquake and tsunami, the nuclear di-
saster and its consequent changes to evacuees’ liv-
ing arrangements might have increased the 
incidence of PTSD symptoms. In addition to PTSD 
risk, which has been found in previous studies, peo-
ple’s fear of radiation exposure and the need to coor-
dinate improvements in social services are impor-
tant areas of focus for mental-health support 
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professionals in Fukushima. In the future, observ-
ing trends in PTSD symptoms and examining factors 
that contribute to their improvement to maintain the 
mental health of residents in the evacuation zone of 
Fukushima Prefecture will be important.
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