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Concern over radiation exposure and
psychological distress among rescue workers
following the Great East Japan Earthquake
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Abstract

Background: On March 11, 2011, the Great East Japan Earthquake and tsunami that followed caused severe
damage along Japan’s northeastern coastline and to the Fukushima Daiichi nuclear power plant. To date, there are
few reports specifically examining psychological distress in rescue workers in Japan. Moreover, it is unclear to what
extent concern over radiation exposure has caused psychological distress to such workers deployed in the disaster
area.

Methods: One month after the disaster, 424 of 1816 (24%) disaster medical assistance team workers deployed to
the disaster area were assessed. Concern over radiation exposure was evaluated by a single self-reported question.
General psychological distress was assessed with the Kessler 6 scale (K6), depressive symptoms with the Center for
Epidemiologic Studies Depression Scale (CES-D), fear and sense of helplessness with the Peritraumatic Distress
Inventory (PDI), and posttraumatic stress symptoms with the Impact of Event Scale-Revised (IES-R).

Results: Radiation exposure was a concern for 39 (9.2%) respondents. Concern over radiation exposure was
significantly associated with higher scores on the K6, CES-D, PDI, and IES-R. After controlling for age, occupation,
disaster operation experience, duration of time spent watching earthquake news, and past history of psychiatric
illness, these associations remained significant in men, but did not remain significant in women for the CES-D and
PDI scores.

Conclusion: The findings suggest that concern over radiation exposure was strongly associated with psychological
distress. Reliable, accurate information on radiation exposure might reduce deployment-related distress in disaster
rescue workers.
Background
On March 11, 2011, the magnitude 9.0 Great East Japan
Earthquake and tsunami that followed devastated the
northeastern coast of Japan and damaged the Fukushima
Daiichi nuclear power plant. Members of the Disaster
Medical Assistance Team (DMAT) service, established
by the Ministry of Health, Labour and Welfare of Japan,
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were dispatched to the disaster area as a mobile medical
team. A previous study with clean-up workers who parti-
cipated in salvage activities after the Chernobyl nuclear
accident revealed that the prevalence of depression, post-
traumatic stress disorder (PTSD), and suicidal ideation
18 years after the accident was higher than geographic-
ally matched controls and that radiation exposure level
was associated with somatic and PTSD symptom severity
[1]. However, there is a paucity of evidence available on
the impact of subjective concerns over radiation expos-
ure on health. The present study aimed to investigate
early psychological distress among DMAT members who
provided care to victims of the earthquake in the
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potentially dangerous situation of radiation exposure,
and to ascertain whether an association exists between
subjective concern over radiation exposure and psycho-
logical distress.

Methods
Participants
Participants were recruited from among the DMAT
members deployed to the disaster area between March
11 and 22, 2011 following the earthquake. DMAT mem-
bers are physicians, nurses, and operational coordination
staff (medical or clerical staff who are neither physicians
nor nurses) who are dispatched as a specially trained
mobile medical team to conduct emergency medical re-
lief activities during the acute phase of a large-scale dis-
aster and in the event there are large numbers of injured
or sick casualties. The inclusion criteria were 1) aged
18 years or older, 2) a native Japanese speaker or non-na-
tive speaker with Japanese conversational abilities, and 3)
physically and psychologically capable of understanding
and providing consent for study participation.

Enrollment procedures
This study was conducted as part of the clinical trial “At-
tenuating posttraumatic distress with omega-3 polyun-
saturated fatty acids among disaster medical assistance
team members after the Great East Japan Earthquake”.
The detailed study procedures have been reported else-
where [2]. Briefly, a written guide to the study was
posted by the DMAT Office on the Emergency Medical
Information System website, and affiliated hospitals with
DMAT members were notified of the posting by their
local municipalities. Survey packets were then mailed on
April 2 to all DMAT members who had been deployed
to the disaster area. Those willing to participate signed
and returned the enclosed consent form by mail or fax
to the DMAT Office by the closing date of April 12.

Measures
Participants were surveyed using a self-report question-
naire that we prepared and operationalized the question
in a binary (yes/no) way for this study. They provided in-
formation on the following items, in addition to those
variables identified as risk factors for PTSD in previous
research [3,4]: past history of psychiatric illness, period
of deployment, stress prior to deployment, injury during
deployment, experience of saving a child during deploy-
ment, experience of contact with corpses, concern over
radiation exposure, and duration of time spent watching
earthquake news reports. To evaluate past history of psy-
chiatric illness, participants answered the question,
“Have you ever received any treatment for your mental
health problem?”. To evaluate stress prior to deploy-
ment, participants answered the question, “Did you feel
stressed just prior to deployment?”. To evaluate concern
over radiation exposure, participants answered the ques-
tion, “Were you concerned over radiation exposure dur-
ing the deployment?”. In regard to alcohol drinking, we
prepared the following question “Do you drink alcohol?”
and the answers “I have never drank”, “I currently refrain
from drinking” and “I drink”. We defined “current
drinker” as those respondents that chose the third an-
swer “I drink”.
To evaluate psychological distress, respondents com-

pleted the Kessler 6 (K6) scale [5,6], the Center for Epi-
demiologic Studies Depression Scale (CES-D) [7,8], the
Peritraumatic Distress Inventory (PDI) [9,10], and the
Impact of Event Scale-Revised (IES-R) [11,12]. The K6
was designated to screen psychiatric disorders and mood
and anxiety disorders. An adequate cutoff score on the
K6 for serious mental illness with a score of less than 60
in the global assessment of functioning is 0–12 vs. 13 or
more [13]. The cutoff score on the CES-D for depression
is considered to be 16 or more [7]. The PDI assesses
quantification of fear and sense of helplessness in the
period during and immediately after a traumatic experi-
ence, and the cutoff score on the PDI for subsequent
PTSD is 23 or more [14]. The IES-R evaluates PTSD
symptoms and is the most widely used measure inter-
nationally in all forms of disaster-area research. Reliabil-
ity and validity for each of these scales has been
confirmed in the Japanese population [6,8,10,12]. Cron-
bach’s alpha for the K6, CES-D, PDI, and IES-R in this
sample was .89, .85, .83, and .94, respectively.

Ethical considerations
This study protected the rights and welfare of the parti-
cipants in the spirit of ethical guidelines outlined in the
Declaration of Helsinki, and further respected the ethical
principles of the Ministry of Health, Labour, and Welfare
of Japan. The research plan (No. 2010–32) was deliber-
ated upon and approved by the Ethics Committee of the
National Disaster Medical Center on April 1, 2011. After
providing a complete description of the study, written
informed consent was obtained from all participants
involved in the present study.

Statistical analysis
Participants were assigned to 1 of 2 groups according to
the presence or absence of concern over radiation expos-
ure. Inter-group comparisons of the dependent variables,
including K6, CES-D, PDI, and IES-R scores, were per-
formed using an analysis of variance (ANOVA) after
stratifying for sex. An analysis of covariance (ANCOVA)
was then performed to examine the specific effect of
concern over radiation exposure with age, occupation,
disaster operation experience, duration of time spent
watching earthquake news, and past history of
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psychiatric illness as covariates. Statistical significance
was set at p< 0.05 and all statistical analysis was per-
formed using SPSS version 17 (SPSS Inc., Tokyo, Japan).

Results
Of the 1,816 DMAT members deployed to the disaster
area, 426 agreed to participate in the present study (24%
response rate), of whom 424 (65.8% men, 34.2% women;
mean age 38.2 (SD= 7.5) years) completed a self-report
questionnaire to assess psychological distress. Demo-
graphic characteristics are shown in Table 1. Physicians
accounted for 24.1% of the sample, nurses 45.8%, and
operational coordination staff 30.2%. Most of the women
(89%) were nurses, while the occupational distribution
was more dispersed for men; 33.7% were physicians,
23.3% were nurses, and 43.0% were operational coordin-
ation staff. Among all respondents, 9.2% were concerned
over radiation exposure. The prevalence of probable psy-
chological distress as determined by the K6 and CES-D
Table 1 Demographic characteristics of participating
DMAT members (n = 424)

Variables n (%) mean (SD) median (range)

Age (years) 38.2 (7.5)

Period of deployment (days) 4 (1–21)

Sex, women 145 (34.2)

Marital status, married 274 (64.6)

Presence of a child (or children) 234 (55.2)

Highest Education, university
or higher

200 (47.2)

Current smoker 100 (23.6)

Current drinker 321 (75.7)

Occupation

Physician 102 (24.1)

Nurse 194 (45.8)

Operational coordination staff 128 (30.2)

Past history of psychiatric illness,
yes

8 (1.9)

Stress prior to deployment, yes 104 (24.5)

Injury during deployment, yes 2 (0.5)

Disaster operation experience,
yes

84 (19.8)

Experience of contact with
corpses, yes

47 (11.1)

Experience of saving a child
during deployment, yes

21 (5.0)

Concern over radiation, yes 39 (9.2)

Duration of time spent
watching earthquake news

<1 hour 107 (25.2)

1–4 hours 292 (68.9)

≥4 hours 25 (5.9)

DMAT, disaster medical assistant team, SD, standard deviation
was 4.0% and 21.4%, respectively. Both men and women
with such concern showed significantly higher K6, CES-
D, PDI, and IES-R scores than in those without concern
(Table 2). After controlling for age, occupation, disaster
operation experience, duration of time spent watching
earthquake news, and past history of psychiatric illness,
these associations remained significant in men, but did
not remain significant in women for the CES-D and PDI
scores. In addition, after excluding those with past his-
tory of psychiatric illness, ANOVA results showed no ap-
parent change in the association between concern over
radiation and psychological distress in men. In women,
however, the association remained significant for the K6
(p = .029) but not for the CES-D, PDI, or IES-R (p = .097,
p = .064, p = .064). ANCOVA results for women did not
change the association. Moreover, for the ANCOVA, the
addition of the two covariates “experience of saving a
child during deployment” and “experience of contact
with corpses” to the primary analysis of covariance did
not change the association in men or women (data not
shown).

Discussion
The present findings suggest that concern over radiation
exposure was strongly associated with depressive and
posttraumatic stress symptoms. Even among medical
workers, who would likely be more knowledgeable than
other public service workers about radiation exposure
dangers, uncertainty about radiation exposure did have a
significant adverse effect on their mental health. Thus,
reliable and accurate information on radiation would be
helpful for rescue workers, as well as residents, in disas-
ter areas in order to minimize unnecessary psychological
distress.
The prevalence of probable severe mental illness as

determined by the K6 and depression as determined by
the CES-D was 4.0% and 21.4%, respectively, in this
study. For reference, the prevalence of depressive dis-
order was 14.9% among clean-up workers 18 years after
the Chernobyl accident [1]. An epidemiological study of
a representative sample of community-dwelling Japanese
(n = 43,716) using the K6 showed that 6.7% had severe
mental illness [15] and a large cohort study among Japa-
nese workers with high and low socioeconomic status
showed that 20–27% of men and 30–32% of women met
the criteria for depression as determined by the CES-D
[16]. Thus, the prevalence of depression in the present
study was assumed to be equivalent to that of the general
Japanese population or average workforce.
The present study has some limitations. First, 1,390

DMAT members who were invited to participate in the
study did not respond, which could limit the external
validity of the findings. The lack of response could be at-
tributable to the fact that many rescue workers dedicated



Table 2 Association between concern over radiation exposure and psychological distress among participating DMAT
members

Men (n= 279) Women (n = 145)
concerned not concerned statistics concerned not concerned statistics
(n =23) (n = 256) (n = 16) (n = 129)

Mean± SD Mean± SD p value p value* Mean± SD Mean± SD p value p value*

K6 total score 7.2 ± 5.8 2.5 ± 3.4 <.001 <.001 7.0 ± 5.0 4.1 ± 4.1 .011 .023

CES-D total score 16.3 ± 9.7 10.2 ± 6.8 <.001 <.001 18.4 ± 10.8 13.1 ± 8.7 .025 .084

PDI total score 20.0 ± 8.7 11.4 ± 6.5 <.001 <.001 18.7 ± 9.1 14.4 ± 7.2 .032 .072

IES-R total score 22.3 ± 19.3 8.5 ± 9.7 <.001 <.001 19.1 ± 14.1 11.6 ± 11.8 .021 .026

DMAT disaster medical assistant team, SD standard deviation, K6 Kessler 6 scale, CES-D Center for Epidemiologic Studies Depression Scale, PDI Peritraumatic
Distress Inventory, IES-R Impact of Event Scale-Revised
*controlled for age, occupation, disaster operation experience, duration of time spent watching earthquake news, and past history of psychiatric illness
Cronbach’s alpha: for K6 = .89, for CES-D = .85, for PDI = .83, for IES-R = .94
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themselves to continuing important work at their own
hospitals immediately after returning from their deploy-
ment and could not find the time to participate in this
study. It remains unclear whether similar findings would
have been obtained if the full cohort had been recruited
successfully. There is the possibility that subjects who
responded were more anxious or were more likely to be
deployed in areas with high radiation exposure; however,
this cannot be confirmed as it is not known if differences
in demographic characteristics exist between DMAT
members who responded and those who did not. Second,
we could not directly examine whether individual
personnel were actually exposed to radiation or examine
the geographic sites where they were deployed. We also
did not assess the exact nature of the disaster work they
undertook during their deployment, and this constitutes
a weakness in the assessment of the traumatic event.
Third, it is important to note that over 70% of partici-
pants in the present study were nurses and physicians,
which may limit the generalizability of our findings to
other rescue worker populations such as the police, local
fire departments, and self-defense force, although they
all have similar occupational responsibility to the public.
Fourth, concern over radiation exposure might be influ-
enced by the level of psychological distress. A longitu-
dinal study is needed to examine the causality. Further
research is needed to examine more closely the associ-
ation between actual exposure level of radiation and psy-
chological distress in individuals at risk from radiation
exposure.
Conclusion
In conclusion, the results suggested that concern over ra-
diation exposure was strongly associated with psycho-
logical distress among rescue workers.
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