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Abstract

Objectives: The Russian–Ukrainian War of 2022 (RUW-2022) was accompanied by the
subsequent risk of accidents at a nuclear power plant in Ukraine. This study investigated
posttraumatic stress (PTS) symptoms related to media reports of an attack on a Ukrainian
nuclear power plant during the RUW-2022 among victims of the Fukushima nuclear disaster
and revealed their association with radiation risk perception (RRP) of the accident.
Methods: This cross-sectional study targeted 1193 residents of Naraha Town in Fukushima
Prefecture. PTS symptoms were measured using the Japanese version of the Impact of Events
Scale-Revised (IES-R). Univariate and multivariate analyses explored the association between
IES-R scores and background factors, particularly RRP.
Results: Participants with higher RRP showed significantly higher IES-R scores; furthermore,
the proportion of disruption because of radiation anxiety was significantly larger among higher
RRP residents. Radiation anxiety mediated the association between RRP and PTS symptoms
(total IES-R score and sub-item of intrusion).
Conclusions: People with higher RRP in Fukushima may continue to be at risk of persistent,
unwanted PTS symptoms due to future nuclear crises. Therefore, mental health practitioners
need to continue providing support in affected areas for a longer period than anticipated.
Moreover, a population-based approach to cope with these stressors from media reports is
essential.

On February 24, 2022, Russia initiated a huge military offensive in Ukraine. One year later, the
Office of the High Commissioner for Human Rights (OHCHR) reported over 20 000 civilian
casualties, including over 8000 deaths.1 Ukrainian official reports of the assault on the Zapor-
izhzhia nuclear power plant on March 4, 2022, shook global public.2

The negative psychological effects of conflicts andwars onhumanbeings are huge anddiverse.3

Several reports on the mental health crisis associated with the Russian–Ukrainian War of 2022
(RUW-2022) have been compiled. It has affected people in both the warring nations and the
surrounding countries,4,5 adults and children alike,6 as well as psychiatric patients.7 Psychological
symptoms induced by the RUW-2022 include posttraumatic stress (PTS), depressive tendency,
and anxiety.8 The effects of the RUW-2022 on mental health have also been reported in Japan.
Among the Japanese population, those with longer exposure to media reports of the RUW-2022
showed higher scores for depression and anxiety.9 Shigemura et al. reported similar PTS symp-
toms in a Japanese community in Russia.10

Compared with other countries, Japan has been concerned about the specific and undesirable
influence of the RUW-2022 on domestic mental health because of experiencing the Great East
Japan Earthquake (GEJE) and the subsequent Fukushima Daiichi Nuclear Power Plant (FDNPP)
accident onMarch 11, 2011.11 Among the residents of disaster-affected Fukushima prefecture, the
prefectural government launched the Fukushima Health Management Survey (FHMS) to assess
their post-disaster psychological distress, including PTS symptoms continually.12,13 Regarding the
risk perception of radiation health effects, victims who believed that exposure to radiation due to
the FDNPP accident was likely to affect their future health status showed higher psychological
distress.14,15 Furthermore,Miura et al. reported that psychological distress amongwomen exposed
to higher doses of radiation increased owing to the risk perception of radiation.16 Although more
than 10 years have passed since the FDNPP accident, some victims still perceive a high risk of
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radiation health effects.13 Therefore, sustainable monitoring and
mental health support are essential.

The actual damage or the fear of nuclear disasters/wars and its
impact on mental health have been explored worldwide during the
World War II (Hiroshima and Nagasaki),17,18 the Cold War,19 the
Persian GulfWar,20 and the current RUW-2022.4 However, there is
a lack of research focusing on whether and how nuclear crises in
specific countries affect foreign individuals who have directly
experienced a different nuclear accident, such as the Fukushima
nuclear disaster. Considering previous mental health surveys in
Fukushima, we were strongly concerned about severe psychological
stress arising from media exposure to the RUW-2022 among citi-
zens in Fukushimawith sensitive radiation risk perception (RRP) on
health. Furthermore, such apprehension must be studied not only
among the Japanese but also among victims of previous and similar
disasters worldwide. For instance, post-disaster depression or PTS
symptoms among several victims—especially evacuees—of the
Chernobyl nuclear disaster persisted for decades.21 To tackle a
possible second mental health crisis due to the RUW-2022 and
the subsequent risk of nuclear disasters, which can be regarded as
similar types of CBRNE (chemical, biological, radiological, nuclear,
and explosive) disasters, understanding the psychological damage
caused by media reports of the RUW-2022 is important.

In view of the FDNPP accident among residents in the former
evacuation zone of Fukushima, this study aimed to assess how RRP
and anxiety are associated with psychological effects, especially PTS
symptoms caused by media reports of the RUW-2022, including
Russian attacks on nuclear power plants in Ukraine.

Method

The current study is a collaborative project with Naraha Town in
Fukushima Prefecture. Naraha town is located about 15 kilometers
away from the FDNPP and within the Soso area; its residents
suffered due to the FDNPP accident in 2011 and were mandatorily
evacuated at that time. The proportion of older adults in the town
tended to have increased and residents over 65 years old occupied
over a quarter of the population in 2010, before the FDNPP
accident. In September 2015, evacuation orders were lifted and
the residents began returning. At present, over 6000 residents are
included in the Basic Resident Registration and over 4000 people
live in the town. About one fourth of the residents are older adults
over 65 years of age.

This study adopted a cross-sectional design. Participants were
residents who had attended mass health checkups in the town from
September 5 to 12, 2022. In collaboration with public health nurses
working in the town office, we sent our questionnaire along with
health checkup files and the town’s ownmental health questionnaire
to 2141 target residents. Questionnaires were collected at the time of
the health checkups. We entered the personal ID registered by the
town for all residents before our questionnaire and later combined
the data with the town’s questionnaire data using the ID. In all the
collected questionnaires, a total of 1288 residents’ sheets were
responded to. We excluded 15 and 16 responses with missing ID
from our questionnaires and the town’s mental health question-
naire, respectively. We also excluded 64 responses in which answers
for the primary study outcomewere insufficient (more than 10 items
were blank). Finally, 1193 residents were included for analysis.

As the primary outcome, we adopted the Japanese version of the
Impact of Event Scale-Revised (IES-R), which has been widely used
by clinical practitioners to assess patients’ parts of the PTS symp-
toms. These consist of 3 symptom clusters (intrusion, avoidance,

and hyperarousal) per the Diagnostic and Statistical Manual of
Mental Disorders (DSM-IV).22,23 Participants answered all the
22 items of PTS signs that they experienced during the past 7 days
(including the day of response) with regard to the RUW-2022,
particularly concerning the attack on the nuclear power plant, with
five answer items (0 = not at all, 1 = a little, 2 = moderately, 3 =
considerably, 4 = enormously). In this study, we described and
further analyzed the total score by dividing it into 3 sub-items, as
mentioned above.

Wemeasured residents’ RRP on health effects with the following
questions: “What is the likelihood of damage to your health (e.g.,
cancer onset) in later life as a result of radiation exposure in March
2011?” and “What is the likelihood that the health of your future
(i.e., as yet unborn) children and grandchildren will be affected
because of radiation exposure inMarch 2011?”The Japanese version
of the original questions (Lindell’s questions)24 has already been
used in the FHMS,13 and the town municipality modified them for
the current survey. In each question, “your current level of radiation
exposure” was replaced with “radiation exposure in March 11” and
the phrase “howmuch,”whichwas included in the original Japanese
questionnaire and conveyed a sense of possibility, was omitted. Each
question had 4response options ranging from 1 “very unlikely” to
4 “very likely,” with no specific descriptions for options 2 and 3. For
the analyses, we dichotomized the responses of 3 and 4 as “likely”
(higher RRP) and 1 and 2 as “unlikely” (lower RRP).

We also assessed residents’ radiation anxiety using the following
question: “Towhat extent has your daily life been affected in the past
month by anxiety about radiation?” There were 4response options:
“never happened,” “rarely happened,” “happened sometimes,” and
“happened often.” These options were also dichotomized by classi-
fying the latter 3items as confirming radiation anxiety (“yes”) for the
analyses. This question was also addressed in the FHMS. We
adopted this item in the current survey both as a factor associated
with PTS symptoms and as a mediator between RRP and PTS
symptoms.

The other covariates (demographic characteristics and conceiv-
able confounding factors) were as follows: age, sex, current address,
depressive symptoms, psychological resilience measured by the
10-item Connor-Davidson Resilience Scale (CD-RISC-10),25

opportunities to talk to people, hobbies, and level of trust in each
media outlet, which was measured using questions in the survey on
information and communicationmedia usage time and information
behavior conducted by Japan’s Ministry of Internal Affairs and
Communications. Depressive symptoms were assessed using a
5-point Likert scale questionnaire prepared by the town to assess
“depressed mood” and “loss of interest.” It contained questions that
were answered on a scale of “no,” “yes (for a few days),” “yes (for
more than half of themonth),” and “yes (almost every day).” For the
analysis, individuals who answered “yes” to either of the 2questions
were defined as having “depression,” and the groupwas divided into
2 categories. We also assessed the participants’ opportunities to talk
to people with the following question: “Do you talk to people at least
once a day?” 4 responseswere prepared: “almost every day,” “once to
five times a week,” “once to three times a month,” and “almost
never.” We dichotomized the answers into the first 2 and second 2
responses.

Before the following analyses, we performed multiple imput-
ations using the chained equation to deal with the missing vari-
ables.26 After the imputations, univariate regression analyses were
conducted to explore the factors, including RRP and radiation
anxiety, that might be associated with the IES-R scores. We also
examined the association between RRP and radiation anxiety by the
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same method. A multiple linear regression analysis was performed
using the following procedure: 1) confirming the association
between the IES-R score and RRP by controlling for covariates that
were associated with the IES-R score in the univariable analyses; 2)
performing a regression analysis by incorporating both RRP and
radiation anxiety and confirming their association with the IES-R
score. R (version 4.2.2) was used for all the analyses.

Ethical Considerations, Registration, and Approval

This was joint research conducted with the Naraha town govern-
ment and was formally approved by the ethical committee of
Fukushima Medical University (No. 2022-089). This study was
performed in accordance with the Declaration of Helsinki—Ethical
Principles for Medical Research Involving Human Subjects. Along
with the questionnaire, we sent a letter describing the overview of
the study and requesting the participation of the target residents.
Returning a completed questionnaire was considered as providing
informed consent to participate in the study.

Results

Participants’ Characteristics

Descriptions of the participants’ demographic characteristics are
presented in Table 1. The mean age of the population was
63.81 years (standard deviation [SD]: 14.34), and the proportion
of female participants (56.2%) was higher than that of male parti-
cipants (43.8%). Over half of the participants (67.2%) had returned
to and lived in Naraha.

Overall, the participants’ mean score on the IES-R was 14.53
(SD: 13.73) and those of the subscales—intrusion, avoidance, and
hyperarousal―were 5.37, 5.97, and 3.20, respectively. Approxi-
mately 20% of the participants answered “likely” or “very likely”
and were concerned about the radiation health effects on both
themselves and future generations because of the FDNPP. Further-
more, 15.5% of the participants felt that their daily lives were
disrupted owing to radiation anxiety.

Univariate analysis of participants’ characteristics

The results of the univariate analysis are shown in Table 2. Both
RRP and radiation anxiety factors were significantly associated with
all IES-R scores. Namely, participants who were concerned about
the health effects due to FDNPP or experienced radiation anxiety
showed higher PTS symptoms induced by media reports of the
RUW-2022, including attacks on nuclear power plants.

Other factors that showed significant associations with the total
score and all IES-R subscales were age, depressive symptoms, and
opportunities to talk to people. Participants’ sex and total score on
the CD-RISC were only associated with the hyperarousal subscale.

Association between RRP and radiation anxiety. As shown in
Table 3, the univariate regression analysis revealed that both risk
perceptions were significantly associated with radiation anxiety.
Participants who perceived significant health effects of radiation on
themselves or their spouses tended to experience disruptions in
their daily lives owing to radiation anxiety.

Multivariable analyses of patient backgrounds.Table 4 shows the
results of multiple regression analyses with the entry of exposure

Table 1. Descriptive characteristics of the participants (N = 1193)

n (%) or
Mean (SD)

Age (years; Mean [SD]) 63.81 (14.34)

Sex Male 522 (43.8)

Female 671 (56.2)

Address Within Naraha town 802 (67.2)

Outside Naraha town and
within the Fukushima
prefecture

388 (32.5)

Outside the Fukushima
prefecture

3 (0.3)

IES-R (Mean [SD]) Total (/88) 14.53 (13.73)

Intrusion (/32) 5.37 (5.20)

Avoidance (/32) 5.97 (5.66)

Hyperarousal (/24) 3.20 (3.88)

CD-RISC (Mean [SD]) 21.48 (8.17)

Confidence
in the
media

Newspaper Completely reliable 121 (10.4)

Mostly reliable 715 (61.7)

Somewhat reliable 276 (23.8)

Partially unreliable 38 (3.3)

Completely unreliable 9 (0.8)

Television Completely reliable 79 (6.7)

Mostly reliable 639 (54.5)

Somewhat reliable 372 (31.7)

Partially unreliable 74 (6.3)

Completely unreliable 9 (0.8)

Magazine Completely reliable 15 (1.3)

Mostly reliable 148 (13.1)

Somewhat reliable 601 (53.2)

Partially unreliable 318 (28.2)

Completely unreliable 47 (4.2)

Internet Completely reliable 13 (1.2)

Mostly reliable 172 (16.1)

Somewhat reliable 488 (45.7)

Partially unreliable 335 (31.3)

Completely unreliable 61 (5.7)

Depressive tendency Depressive mood 174 (15.2)

Anhedonia 142 (12.4)

Opportunities to talk with
people

Almost everyday 961 (81.9)

Between 1and 5times per
week

178 (15.2)

Between 1and 3times per
month

20 (1.7)

Almost never 15 (1.3)

(Continued)
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(RRP) and confounders. Regression models for both the inclusion
and non-inclusion of radiation anxiety (as a mediator) were per-
formed. In the non-inclusion model, RRP across generations was
still detected as a factor associated with the IES-R total score and the
intrusion subscale (i.e., participants with stronger concern about
the health effects among the next generation due to FDNPP showed
higher PTS symptoms). Furthermore, after entering radiation anx-
iety in the inclusion model, these associations became statistically
insignificant and each of the regression coefficients showed a
reduction (total: B 3.75 to 2.44, intrusion: B 1.52 to 0.99). Other
variables that were significantly associated with the IES-R scores
were age, depressive tendency (total and all sub-items), and sex
(female participants tended to show higher IES-R scores for the
hyperarousal sub-item).

Discussion

After multivariable analyses, we found that individuals with higher
RRP of health across generations significantly showed stronger PTS
symptoms (total score and especially intrusion symptoms) that had
been induced by media reports about attacks on overseas nuclear
power plants during the RUW-2022. Furthermore, using a regres-
sion model that included the distribution of daily life due to
radiation anxiety as a covariate, we considered this factor as a
mediator of the relationship between RRP and PTS symptoms.

Citing the COVID-19 pandemic as another CBRNE disaster
after the FDNPP accident, several researchers have focused on the
effects of such an invisible crisis, similar to the circumstances of

Fukushima.27,28 Hori et al. reported that patients who had been
suffering from the fear of COVID-19 were triggered by the tragic
memories of the GEJE.29,30 Moreover, counselors in the affected
local governments, who engaged in mental health support for
survivors of the FDNPP disaster by visiting them, stated that the
number of consultations (including by telephone) had increased
since the COVID-19 pandemic.31 In addition to these reports,
practitioners who provided psychological support for residents
suggested similar assistance methods that had been adapted to
the pandemic.28,32 Looking outside the Fukushima, Ben-Ezra
et al. performed a survey about PTSD symptoms referring to the
GEJE and FDNPP accident, and revealed that these symptoms were
higher among participants with radiation stigma (Hibakusha) in
Hiroshima or Nagasaki.33 Contrary to these reports, our study
provided additional knowledge that not only radiation stigma as
Hibakusha but also RRP (including a risk-analytic perspective) is
associated with PTS symptoms. Furthermore, such association
could be confirmed not only by national CBRNE disasters but also
by media reports of overseas disasters.

We hypothesized the types of distributions that exist in daily life
due to radiation anxiety among residents with sensitive perceptions
of radiation risks. One potential factor is their own sentiments as
well as subsequent information-seeking behavior, which may
expose them to the shocking media coverage of the RUW-2022.
Previous research on the psychological impacts of FDNPP acci-
dents revealed that the duration, sources, and types of media
coverage are linked to mental health issues, including anxiety.34-36

Similar findings were observed for the media coverage of the
COVID-19 pandemic in other countries, where prolonged and
frequent media exposure and the use of new media, such as social
media, were associated with increased anxiety.37 Based on previous
research on CBRNE disasters, we suggest that radiation anxiety
triggers negative information-seeking behaviors, such as prolonged
media exposure or social media usage. Therefore, increased expos-
ure to tragic media coverage of the Russian attack on the Ukrainian
nuclear power plant led to PTS symptoms among residents with
negative risk perceptions. The finding that the avoidance score on
the IES-R was not associated with RRP may also support this
hypothesis.

Another hypothesis stated that residents with unstable percep-
tions of radiation risk may avoid going outside and instead rely on
media exposure. Scientifically validated advice, including measures
such as radiation shielding or refraining from going outside on dry
and windy days, was provided by both governmental and non-
governmental organizations in 2011 to address residents’ anxiety
regarding external radiation exposure.38 In many areas of Fukush-
ima, radiation doses have significantly decreased owing to decon-
tamination efforts or natural attenuation, resulting in levels
comparable to those found in Tokyo and other major cities world-
wide. However, approximately one-quarter of the residents who
had been living in the affected areas of Fukushima on March
11, 2011, reported that their daily lives were disrupted because of
anxiety related to radiation.39 Residents with high anxietymay have
reduced the frequency of their outings. Furthermore, the recent
COVID-19 pandemic and the subsequent “stay-at-home” orders
may have accelerated such behavior. Tsutsui reported an associ-
ation between individuals’ perceptions of radiation risk and their
awareness of infection vulnerability, suggesting that those who
perceived themselves as more vulnerable to infection may also
experience greater psychological distress in the event of a nuclear
disaster.40 Stay-at-home measures taken to avoid excessive expos-
ure to radiation or infection may have led to increased media

Table 1. (Continued)

n (%) or
Mean (SD)

Community participation Almost everyday 7 (0.6)

Between 1and 5times per
week

89 (7.6)

Between 1and 3times per
month

298 (25.4)

Almost never 504 (43.0)

Never 275 (23.4)

Hobbies Yes 416 (36.6)

No 720(63.4)

Radiation risk perception
of delayed health effects

1 (Very unlikely) 436 (37.3)

2 480 (41.5)

3 189 (16.3)

4 (Very likely) 53 (4.6)

Radiation risk perception
of health effects across
generations

1 (Very unlikely) 429 (37.3)

2 487 (42.4)

3 181 (15.8)

4 (Very likely) 52 (4.5)

Disruption to daily life
because of radiation
anxiety

Never 971 (84.4)

Rarely 120 (10.4)

Sometimes 45 (3.9)

Often 14 (1.2)

Note. IES-R: Impact of Events Scale-Revised; CD-RISC: Connor-Davidson Resilience Scale.
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Table 2. Results of the univariate analysis

IES-R score (Mean [SD])

Total Intrusion Avoidance Hyperarousal

Age *** *** *** ***

Sex Male 13.63 (13.29) 5.13 (5.11) 5.65 (5.53) 2.84 (3.62)

Female 15.25 (14.03) 5.55 (5.27) 6.2 (5.75) 3.48 (4.06)*

Address Within Naraha town 14.07 (13.61) 5.22 (5.13) 5.79 (5.64) 3.07 (3.87)

Outside Naraha town 15.45 (13.93) 5.66 (5.34) 6.32 (5.68) 3.46 (3.91)

CD-RISC *

Confidence in the media Newspaper Completely reliable 15.29 (15.45) 5.79 (5.60) 6.12 (6.16) 3.38 (4.41)

Mostly reliable 14.47 (13.05) 5.31 (4.92) 6.08 (5.60) 3.08 (3.65)

Somewhat reliable 14.51 (13.95) 5.39 (5.41) 5.73 (5.45) 3.38 (4.04)

Partially unreliable 13.92 (19.50) 5.14 (7.42) 5.36 (7.32) 3.42 (5.43)

Completely unreliable 9.00 (12.36) 2.75 (4.30) 3.75 (5.78) 2.50 (2.83)

Television Completely reliable 15.23 (15.61) 5.88 (5.73) 5.97 (6.31) 3.37 (4.26)

Mostly reliable 14.18 (13.12) 5.23 (4.92) 5.98 (5.58) 2.98 (3.66)

Somewhat reliable 15.26 (13.93) 5.70 (5.36) 6.05 (5.61) 3.51 (4.03)

Partially unreliable 13.46 (15.70) 4.54 (5.95) 5.68 (6.14) 3.24 (4.53)

Completely unreliable 6.12 (7.30) 1.62 (2.92) 2.50 (3.12) 2.00 (2.33)

Magazine Completely reliable 12.07 (13.31) 4.80 (4.75) 4.67 (5.79) 2.60 (3.27)

Mostly reliable 13.67 (14.63) 5.11 (5.33) 5.70 (6.01) 2.85 (3.99)

Somewhat reliable 14.24 (13.71) 5.24 (5.16) 5.84 (5.64) 3.16 (3.86)

Partially unreliable 14.91 (12.88) 5.45 (5.03) 6.13 (5.49) 3.33 (3.79)

Completely unreliable 15.43 (17.17) 5.80 (6.65) 6.27 (6.64) 3.36 (4.63)

Internet Completely reliable 18.23 (20.85) 6.38 (6.79) 7.23 (7.93) 4.62 (6.86)

Mostly reliable 13.14 (13.63) 4.80 (4.99) 5.72 (5.91) 2.63 (3.57)

Somewhat reliable 13.36 (12.89) 4.88 (4.89) 5.58 (5.47) 2.90 (3.59)

Partially unreliable 14.13 (13.54) 5.22 (5.15) 5.70 (5.51) 3.21 (3.97)

Completely unreliable 16.93 (15.45) 6.43 (6.01) 6.71 (6.27) 3.79 (4.19)

Depressive tendency No 13.09 (12.69) 4.85 (4.78) 5.54 (5.48) 2.70 (3.39)

Yes 19.90 (15.44)*** 7.18 (5.95)*** 7.58 (5.85)*** 5.13 (4.86)***

Opportunities to talk with people Yes 14.20 (13.38) 5.24 (5.07) 5.86 (5.58) 3.10 (3.78)

No 20.21(19.20)** 7.42 (7.52)* 7.91 (6.77)* 4.88 (5.68)*

Community participation Yes 15.04 (13.95) 5.61 (5.24) 6.35 (5.95) 3.08 (3.71)

No 14.11 (13.44) 5.18 (5.12) 5.72 (5.45) 3.21 (3.92)

Hobbies Yes 13.68 (13.20) 5.07 (5.03) 5.70 (5.62) 2.91 (3.73)

No 14.87 (13.89) 5.46 (5.23) 6.07 (5.67) 3.33 (3.94)

Radiation risk perception of delayed health effects Unlikely 13.39 (12.82) 4.88 (4.79) 5.62 (5.50) 2.89 (3.60)

Likely 18.33 (15.94)*** 6.95 (6.14)*** 7.13 (6.03)** 4.25 (4.68)***

Radiation risk perception of health effects across generations Unlikely 13.10 (12.60) 4.78 (4.71) 5.52 (5.41) 2.81 (3.55)

Likely 19.43 (15.91)*** 7.37 (6.09)*** 7.53 (6.15)*** 4.52 (4.61)***

Disruption to daily life because of radiation anxiety Never 12.63 (12.49) 4.58 (4.66) 5.34 (5.40) 2.70 (3.49)

Feel disruption 22.57 (15.63)*** 8.67 (6.01)*** 8.56 (5.93)*** 5.34 (4.65)***

Note. Univariate linear regression model was adopted for the analysis.
CD-RISC: Connor-Davidson Resilience Scale.
*P<0.05,
**P<0.005,
***P<0.001
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exposure at home, potentially contributing to higher levels of PTS
symptoms.

Implications and Concerns for Future Clinical Practice

The results are highly discouraging regarding the future mental
status of the victims of the Fukushima disaster, citizens of Japan,
and individuals with vulnerability worldwide because of 2 prom-
inent concerns regarding the effects of the tragicmedia reports. One
is the risk of extraordinary negative psychological impacts, pro-
longed by multiple man-made CBRNE disasters. Even a single
nuclear disaster incident can have psychological impacts that last
for several decades, requiring continuous care and attention.41,42

Hence, to provide adequate and long-term mental health care to
victims of the FDNPP accident, especially evacuees, professional
organizations were established to continuously manage various
types of consultations or visiting services.43 To prevent further
unintended psychological effects on victims of FDNPP accidents
in the event of future nuclear crises, it is crucial to implement
preventive measures. However, it must be untenable for mental
health practitioners to be obligated to provide their services in
response to unforeseen, man-made CBRNE disasters with massive
death tolls such as the RUW-2022.

Another concern is the risk not only to the victims of the FDNPP
accident but also to the wider Japanese population outside Fukush-
ima Prefecture, to victims of previous CBRNE disasters outside

Table 3. Association between RRP and radiation anxiety

Disruption to daily life because of radiation anxiety N (%)

P valueNever Feel disruption

Radiation risk perception of delayed health effects Unlikely 803 (70.9) 98 (8.7) <0.001***

Likely 153 (13.5) 78 (6.9)

Radiation risk perception of health effects across generations Unlikely 809 (71.9) 90 (8.0) <0.001***

Likely 140 (12.4) 86 (7.6)

Note. Univariable logistic regression model adopted for the analysis.
RRP: radiation risk perception.
*P<0.05,
**P<0.005,
***P<0.001.

Table 4. Results of multivariable analysis

Total Intrusion

Non-inclusion Inclusion Non-inclusion Inclusion

B SE P B SE P B SE P B SE P

Age 0.25 0.03 <0.001*** 0.22 0.03 <0.001*** 0.10 0.01 <0.001*** 0.09 0.01 <0.001***

Depressive tendency (Yes) 6.63 1.02 <0.001*** 6.18 1.01 <0.001*** 2.33 0.40 <0.001*** 2.15 0.39 <0.001***

Opportunities to talk with people (No) 3.31 2.11 0.117 3.45 2.09 0.100 1.10 0.80 0.516 1.15 0.79 0.442

Radiation risk perception of delayed
health effects (Likely)

1.32 1.44 0.359 0.81 1.42 0.567 0.64 0.55 0.741 0.43 0.54 1

Radiation risk perception of health
effects across generations (Likely)

3.75 1.48 0.012* 2.44 1.48 0.100 1.52 0.57 0.023** 0.99 0.57 0.250

Avoidance Hyperarousal

Non-inclusion Inclusion Non-inclusion Inclusion

B SE P B SE P B SE P B SE P

Age 0.09 0.01 <0.001*** 0.08 0.01 <0.001*** 0.06 0.01 <0.001*** 0.05 0.01 <0.001***

Sex (Female) 0.75 0.22 0.002** 0.79 0.22 0.001**

CD-RISC –0.02 0.01 0.212 –0.02 0.01 0.212

Depressive tendency (Yes) 1.99 0.44 <0.001*** 1.85 0.45 <0.001*** 2.19 0.31 <0001*** 2.07 0.30 <0.001***

Opportunities to talk with people (No) 1.21 0.90 0.540 1.26 0.90 0.487 1.08 0.63 0.260 1.12 0.62 0.217

Radiation risk perception of delayed
health effects (Likely)

0.29 0.62 1 0.13 0.61 1 0.36 0.42 1 0.22 0.42 1

Radiation risk perception of health
effects across generations (Likely)

1.26 0.64 0.148 0.84 0.64 0.571 0.98 0.42 0.064 0.62 0.43 0.438

Note. Multiple linear regression model was adopted for the analysis.
*P<0.05,
**P<0.005,
***P<0.001.
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Japan, and to other people worldwide. According to reports from
the Japanese Ministry of the Environment, more than 40% of
Japanese residents have misconceptions about the intergenera-
tional health effects of radiation following the FDNPP accident.44

Given the current unsettled period, Japanese residents with such
risk perceptions may be particularly vulnerable to the possibility of
severe CBRNE accidents such as a nuclear crisis in the future.
Moreover, some people, not only in Japan but around the world,
are highly fearful of radiation. Former clean-up workers who had
been recruited after the Chernobyl nuclear disaster and people who
had been evacuated by the accident have been reported as the
population with a relatively higher “hypertrophied perception of
radiation risk.”45 In addition, Perko reported that the general
population (not the victims of the nuclear disaster) showed a higher
risk perception of radiation, especially nuclear waste and facilities,
compared to professionals working in nuclear research centers.46

As national and global practitioners, wemust provide additional
support for the psychological impact on possible future victims of
more CBRNE-type crises, including the aforementioned nuclear
accidents, as well as the direct stress of the FDNPP accident and
related radiation risk perception.

Limitations

First, a major limitation was that we could not assess the effects of
the FDNPP accident on future PTS symptoms induced by media
reports of the risk of another nuclear crisis. This was because we
could not set the evacuation due to the FDNPP accident as an
exposure variable and residents who had lived outside Fukushima
as a control group. Second, the target populationmust be defined as
“residents” of the town who were originally within the evacuation
zone, rather than as “victims” or “evacuees” of the FDNPP. That is,
a very small portion of residents who were living in Naraha town at
the time of the survey might have been living outside Fukushima
before the FDNPP accident and moved to Naraha town after the
disaster. Although this study did not aim to uncover whether the
experiences of the evacuation itself affected the PTS symptoms
associated with media reports of the war, we should consider the
differences in context between people who had consistently resided
in the town and immigrants who moved to the town after the
disaster. Third, although we hypothesized that the current RPP
regarding the FDNPP affects the RUW-2022-associated PTS symp-
toms, the cross-sectional study design makes us reconsider the
possibility of reverse causation. In other words, we must consider
that exposure tomedia reports of RUW-2022, including the nuclear
power plant crisis, triggered the relapse of evacuees’ radiation
anxiety and further made the RPP of the FDNPP unstable. Fourth,
because we measured the reliability of the media (not the exact
duration of media exposure), part of the hypothesized distribution
of daily life owing to radiation anxiety as a mediator (the mechan-
ism of increasing media exposure) could not be assessed in greater
statistical detail. Fifth, although we could grasp PTS symptoms with
regard to specific traumatic events by using the IES-R, a possibility
that participants could not reveal which of the past traumatic events
were associated with current psychological symptoms exists. As
clinicians, we could not consider the original traumatic experiences
of those residents with PTS symptoms such as having great hard-
ship in regulating emotions or severe physical symptoms (e.g.,
palpitation, respiratory discomfort). Finally, we must refer to dif-
ferences in diagnostic criteria between DSM-IV and DSM-5-TR,
which is the latest version. While the prior version defines the

3main symptom clusters, the latter version includes the disorder’s
aspects of dysphoric condition as a sign. The negative alternation in
cognitions and mood have been added to the criteria, therefore
expanding the symptom clusters from 3 to 4. Due to such a
methodological limitation, we could not grasp the above-
mentioned symptom or elucidate the effect of RRP upon it.

Conclusion

The current study revealed an association between the RRP
regarding the FDNPP accident and PTS symptoms arising from
media coverage of a Russian attack on a Ukrainian nuclear power
plant among citizens who lived in the former evacuation zone in
Fukushima. Furthermore, the impact of radiation anxiety on daily
life mediated the association between risk perception and PTS
symptoms. Therefore, it is essential to establish community and
clinical practices to address residents’ sensitive risk perceptions
and reduce the psychological stress caused by unintended triggers.
Simultaneously, it is important to gain a more detailed under-
standing of the detected mediation structure to tackle the chain of
trauma caused by the continuous occurrence of CBRNE disasters
worldwide.

Acknowledgements. We are very thankful to Mr. Yukihiro Fujita (a public
health nurse of Naraha Town, Fukushima) for his tremendous collaboration
with our team, including in the mailing and collection of questionnaires.
Furthermore, we would like to thank Editage (www.editage.com) for English
language editing.

Author contribution. T.T. ensured complete access to all study data, taking
accountability for data integrity and precision in data analysis. The study was
conceptualized and designed by T.T. and Y. Kunii. All authors participated in
data acquisition, analysis, and interpretation. The initial manuscript was drafted
by T.T. and Y. Kawasaki, and all authors contributed to its revision for substan-
tial intellectual content. Statistical analysis was conducted by T.T., T.K., and
T.H. The entire process was supervised by H.Y. and I.M.

Funding. This work was supported by Grant for Research Support of Fukush-
ima Medical University under grant number KKI2022053.

Competing interest. The authors declare no conflicts of interest regarding the
publication of this paper.

References

1. United Nations. Ukraine: Civilian Casualty Update. May 2023. Accessed
May 22, 2023. https://www.ohchr.org/en/news/2023/05/ukraine-civilian-
casualty-update-15-may-2023

2. BBC. Nuclear Plant: How Close Was Nuclear Plant Attack to Catastrophe?
2022. Accessed May 22, 2023. https://www.bbc.com/news/world-60609633

3. Murthy RS, Lakshminarayana R. Mental health consequences of war: a
brief review of research findings. World Psychiatry. 2006; 5(1): 25–30.

4. Riad A, Drobov A, Krobot M, et al. Mental health burden of the
Russian-Ukrainian War 2022 (RUW-22): anxiety and depression levels
among young adults in Central Europe. Int J Environ Res Public Health.
2022; 19(14): 8418. doi: 10.3390/ijerph19148418.

5. Karatzias T, Shevlin M, Ben-Ezra M, et al. War exposure, posttraumatic
stress disorder, and complex posttraumatic stress disorder among parents
living in Ukraine during the Russian war. Acta Psychiatr Scand. 2023; 147
(3): 276–285. doi: 10.1111/acps.13529.

6. Schwartz L, Nakonechna M, Campbell G, et al. Addressing the mental
health needs and burdens of children fleeing war: a field update from
ongoing mental health and psychosocial support efforts at the Ukrainian
border. Eur J Psychotraumatol. 2022; 13(2): 2101759. doi: 10.1080/2000
8198.2022.2101759.

Disaster Medicine and Public Health Preparedness 7

https://doi.org/10.1017/dmp.2024.255 Published online by Cambridge University Press

http://www.editage.com
https://www.ohchr.org/en/news/2023/05/ukraine-civilian-casualty-update-15-may-2023
https://www.ohchr.org/en/news/2023/05/ukraine-civilian-casualty-update-15-may-2023
https://www.bbc.com/news/world-60609633
https://doi.org/10.3390/ijerph19148418
https://doi.org/10.1111/acps.13529
https://doi.org/10.1080/20008198.2022.2101759
https://doi.org/10.1080/20008198.2022.2101759
https://doi.org/10.1017/dmp.2024.255


7. Nowicka M, Jarczewska-Gerc E, Marszal-Wisniewska M. Response of
Polish psychiatric patients to the Russian invasion of Ukraine in February
2022-predictive role of risk perception and temperamental traits. Int J
Environ Res Public Health. 2022; 20(1): 325. doi: 10.3390/ijerph20010325.

8. Chudzicka-Czupała A, Hapon N, Chiang SK, et al. Depression, anxiety
and post-traumatic stress during the 2022 Russo-Ukrainian war, a com-
parison between populations in Poland, Ukraine, and Taiwan. Sci Rep.
2023; 13(1): 3602. doi: 10.1038/s41598-023-28729-3.

9. Social Research Action CHIKI LAB. Attention to “Tragedy News Stress” -
Report on the 5th Annual “Societal Depressive Symptoms Survey”. 2022.
Accessed May 21, 2023. https://chikilab.theletter.jp/posts/cb618ac0-0d4c-
11ed-9635-6f5405b0851b (in Japanese)

10. Shigemura J, Komuro H, Kurosawa M. Anxiety, depression, and post-
traumatic stress symptoms of Japanese nationals half a year after the 2022
conflict in Ukraine. Psychiatry Clin Neurosci. 2023; 77(3): 190–191. doi:
10.1111/pcn.13507.

11. Fukushima Medical University. Fukushima: Lives on the Line Chapter V
Conveying to Posterity. 2013. Accessed May 20, 2023. https://
www.fmu.ac.jp/univ/en/about/db_pdf_en/fi_10en.pdf (in Japanese)

12. Yabe H, Suzuki Y,Mashiko H, et al. Psychological distress after the Great
East Japan Earthquake and Fukushima Daiichi Nuclear Power Plant acci-
dent: results of a mental health and lifestyle survey through the Fukushima
Health Management Survey in FY2011 and FY2012. Fukushima J Med Sci.
2014; 60(1): 57–67. doi: 10.5387/fms.2014-1.

13. Maeda M, Harigane M, Horikoshi N, et al. Long-term, community-based
approach for affected people having problems with mental health and
lifestyle issues after the 2011 Fukushima disaster: the Fukushima health
management survey. J Epidemiol. 2022; 32(Suppl_XII): S47–S56. doi:
10.2188/jea.JE20210178.

14. Suzuki Y, Yabe H, Yasumura S, et al. Psychological distress and the
perception of radiation risks: the Fukushima health management survey.
Bull World Health Organ. 2015; 93(9): 598–605. doi: 10.2471/
BLT.14.146498.

15. OeM,Maeda M,Nagai M, et al. Predictors of severe psychological distress
trajectory after nuclear disaster: evidence from the Fukushima Health
Management Survey. BMJ Open. 2016; 6(10): e013400. doi: 10.1136/bmjo-
pen-2016-013400.

16. Miura I, Nagao M, Nakano H, et al. Associations between external radi-
ation doses and the risk of psychological distress or post-traumatic stress
after the Fukushima Daiichi nuclear power plant accident: the Fukushima
health management survey. J Epidemiol. 2022; 32(Suppl_XII): S95–S103.
doi: 10.2188/jea.JE20210226.

17. Honda S, Shibata Y,MineM, et al.Mental health conditions among atomic
bomb survivors in Nagasaki. Psychiatry Clin Neurosci. 2002; 56(5):
575–583. doi: 10.1046/j.1440-1819.2002.01057.x.

18. Kamite Y,Kitani T, Ikeda T, et al. Survey and comparison of psychological
factors between descendants and non-descendants of survivors of the
atomic bomb: generational differences in mental health indicators. J Psy-
chiatr Res. 2021; 136: 398–401. doi: 10.1016/j.jpsychires.2021.01.043.

19. Chivian E, Robinson JP, Tudge JR, et al. American and Soviet teenagers’
concerns about nuclear war and the future. N Engl J Med. 1988; 319(7):
407–413. doi: 10.1056/NEJM198808183190705.

20. PoikolainenK,Aalto-Setälä T,Tuulio-HenrikssonA, et al. Fear of nuclear
war increases the risk of common mental disorders among young adults: a
five-year follow-up study. BMC Public Health. 2004; 4: 42. doi:
10.1186/1471-2458-4-42.

21. Bromet EJ, Havenaar JM, Guey LT. A 25 year retrospective review of the
psychological consequences of the Chernobyl accident. Clin Oncol. 2011; 23
(4): 297–305. doi: 10.1016/j.clon.2011.01.501.

22. Weiss DS. The Impact of Event Scale-Revised. In: Wilson JP, Keane TM,
eds. Assessing Psychological Trauma and PTSD. 2nd ed. Guilford Press;
2004: 168–189.

23. Asukai N, Kato H, Kawamura N, et al. Reliability and validity of the
Japanese-language version of the impact of event scale-revised (IES-R-J):
four studies of different traumatic events. J Nerv Ment Dis. 2002; 190(3):
175–182. doi: 10.1097/00005053-200203000-00006.

24. Lindell MK, Barnes VE. Protective response to technological emergency:
risk perception and behavioral intention. Nuclear Safety. 1986; 27(4):
457–467.

25. Connor KM, Davidson JR. Development of a new resilience scale: the
Connor-Davidson Resilience Scale (CD-RISC). Depress Anxiety. 2003; 18
(2): 76–82. doi: 10.1002/da.10113.

26. Azur MJ, Stuart EA, Frangakis C, et al. Multiple imputation by chained
equations: what is it and how does it work? Int J Methods Psychiatr Res.
2011; 20(1): 40–49. doi: 10.1002/mpr.329.

27. Ochi S. ‘Life communication’ after the 2011 Fukushima nuclear disaster:
what experts need to learn from residential non-scientific rationality. J
Radiat Res. 2021; 62(Supplement_1): i88–i94. doi: 10.1093/jrr/rraa135.

28. MurakamiM,Kobayashi T,Ochi S, et al. Thinking about COVID-19 from
Fukushima and Fukushima from COVID-19. Jpn. J. Risk Anal. 2021; 30(4):
195–202. doi: 10.11447/jjra.SRA-0361. (in Japanese)

29. Hori A, Sawano T, Ozaki A, et al. Exacerbation of subthreshold PTSD
symptoms in a Great East Japan Earthquake survivor in the context of the
COVID-19 pandemic. Case Rep Psychiatry. 2021; 6699775. doi:
10.1155/2021/6699775.

30. Hori A, Takebayashi Y, Tsubokura M, et al. PTSD and bipolar II disorder
in Fukushima disaster relief workers after the 2011 nuclear accident. BMJ
Case Rep. 2020; 13(9): e236725. doi: 10.1136/bcr-2020-236725.

31. Orui M, Fukasawa M, Horikoshi N, et al. The ongoing activities of
livelihood support counselors following nuclear disaster under the
COVID-19 restrictions: a preliminary survey. Public Health Pract (Oxf).
2021; 2: 100107. doi: 10.1016/j.puhip.2021.100107.

32. Momoi M, Murakami M, Horikoshi N, et al. Dealing with community
mental health post the Fukushima disaster: lessons learnt for the COVID-19
pandemic. QJM. 2020; 113(11): 787–788. doi: 10.1093/qjmed/hcaa213.

33. Ben-Ezra M, Shigemura J, Palgi Y, et al. From Hiroshima to Fukushima:
PTSD symptoms and radiation stigma across regions in Japan. J Psychiatr
Res. 2015; 60: 185–186. doi: 10.1016/j.jpsychires.2014.10.006.

34. Nakayama C, SatoO, Sugita M, et al. Lingering health-related anxiety about
radiation among Fukushima residents as correlated with media information
following the accident at FukushimaDaiichi Nuclear Power Plant. PLoSOne.
2019; 14(5): e0217285. doi: 10.1371/journal.pone.0217285.

35. Orui M,Nakayama C,Kuroda Y, et al. The association between utilization
of media information and current health anxiety among the Fukushima
Daiichi nuclear disaster evacuees. Int J Environ Res Public Health. 2020; 17
(11): 3921. doi: 10.3390/ijerph17113921.

36. Nakayama C, Iwasa H, Moriyama N, et al. The relationship between
information sources, media, and “anxiety about the effects of radiation on
future generations” in Hamadori and Fukushima Prefecture’s evacuation
areas after the nuclear accident. Nihon Koshu Eisei Zasshi. 2021; 68(11):
753–764. doi: 10.11236/jph.20-140. (in Japanese)

37. BendauA,PetzoldMB,Pyrkosch L, et al. Associations betweenCOVID-19
related media consumption and symptoms of anxiety, depression and
COVID-19 related fear in the general population in Germany. Eur Arch
Psychiatry Clin Neurosci. 2021; 271(2): 283–291. doi: 10.1007/s00406-020-
01171-6.

38. Fukushima Prefecture Disaster Response Headquarters. Actions for
Protecting the Mental and Physical Health of Children from Radiation:
What We Can Do Now. 2011. Accessed May 22, 2023. https://www.pref.fu
kushima.lg.jp/img/kyouiku/attachment/905040.pdf (in Japanese)

39. Fukushima Prefecture. Report on the Results of “the Mental Health and
Lifestyle Survey”. 2022. Accessed May 21, 2023. https://www.pref.fukush
ima.lg.jp/uploaded/attachment/529183.pdf (in Japanese)

40. Tsutsui Y. Why does radiation anxiety related to the nuclear accident
continue to exist? An approach based on the behavioral immune system
hypothesis. Paper presented at: The 83rd Annual Convention of the Japanese
Psychological Association; September 11-13, 2019;Osaka, Japan (in Japanese).

41. Bromet EJ,Havenaar JM. Psychological and perceived health effects of the
Chernobyl disaster: a 20-year review. Health Phys. 2007; 93(5): 516–521.
doi: 10.1097/01.HP.0000279635.14108.02.

42. Bromet EJ. Emotional consequences of nuclear power plant disasters.
Health Phys. 2014; 106(2): 206–210. doi: 10.1097/HP.0000000000000012.

8 Toshihiro Terui et al.

https://doi.org/10.1017/dmp.2024.255 Published online by Cambridge University Press

https://doi.org/10.3390/ijerph20010325
https://doi.org/10.1038/s41598-023-28729-3
https://chikilab.theletter.jp/posts/cb618ac0-0d4c-11ed-9635-6f5405b0851b
https://chikilab.theletter.jp/posts/cb618ac0-0d4c-11ed-9635-6f5405b0851b
https://doi.org/10.1111/pcn.13507
https://www.fmu.ac.jp/univ/en/about/db_pdf_en/fi_10en.pdf
https://www.fmu.ac.jp/univ/en/about/db_pdf_en/fi_10en.pdf
https://doi.org/10.5387/fms.2014-1
https://doi.org/10.2188/jea.JE20210178
https://doi.org/10.2471/BLT.14.146498
https://doi.org/10.2471/BLT.14.146498
https://doi.org/10.1136/bmjopen-2016-013400
https://doi.org/10.1136/bmjopen-2016-013400
https://doi.org/10.2188/jea.JE20210226
https://doi.org/10.1046/j.1440-1819.2002.01057.x
https://doi.org/10.1016/j.jpsychires.2021.01.043
https://doi.org/10.1056/NEJM198808183190705
https://doi.org/10.1186/1471-2458-4-42
https://doi.org/10.1016/j.clon.2011.01.501
https://doi.org/10.1097/00005053-200203000-00006
https://doi.org/10.1002/da.10113
https://doi.org/10.1002/mpr.329
https://doi.org/10.1093/jrr/rraa135
https://doi.org/10.11447/jjra.SRA-0361
https://doi.org/10.1155/2021/6699775
https://doi.org/10.1136/bcr-2020-236725
https://doi.org/10.1016/j.puhip.2021.100107
https://doi.org/10.1093/qjmed/hcaa213
https://doi.org/10.1016/j.jpsychires.2014.10.006
https://doi.org/10.1371/journal.pone.0217285
https://doi.org/10.3390/ijerph17113921
https://doi.org/10.11236/jph.20-140
https://doi.org/10.1007/s00406-020-01171-6
https://doi.org/10.1007/s00406-020-01171-6
https://www.pref.fukushima.lg.jp/img/kyouiku/attachment/905040.pdf
https://www.pref.fukushima.lg.jp/img/kyouiku/attachment/905040.pdf
https://www.pref.fukushima.lg.jp/uploaded/attachment/529183.pdf
https://www.pref.fukushima.lg.jp/uploaded/attachment/529183.pdf
https://doi.org/10.1097/01.HP.0000279635.14108.02
https://doi.org/10.1097/HP.0000000000000012
https://doi.org/10.1017/dmp.2024.255


43. Fukushima Center for Disaster Mental Health. Activity Report. 2022.
Accessed May 21, 2023. https://kokoro-fukushima.org/wp/wp-content/
uploads/2022/12/fukushimakokorokea2021.pdf (in Japanese)

44. Ministry of the Environment. 2021 Web Survey Results. 2023. Accessed
May 21, 2023. https://www.env.go.jp/chemi/rhm/portal/communicate/
result/r3.html (in Japanese)

45. Gresko MV, Perchuk IV. Psychophysiological features of radiation risk
perception. Probl Radiac Med Radiobiol. 2021; 26: 371–397. doi:
10.33145/2304-8336-2021-26-371-397. PMID: 34965561.

46. Perko T. Radiation risk perception: a discrepancy between the experts and
the general population. J Environ Radioact. 2014; 133: 86–91. doi: 10.1016/j.
jenvrad.2013.04.005.

Disaster Medicine and Public Health Preparedness 9

https://doi.org/10.1017/dmp.2024.255 Published online by Cambridge University Press

https://kokoro-fukushima.org/wp/wp-content/uploads/2022/12/fukushimakokorokea2021.pdf
https://kokoro-fukushima.org/wp/wp-content/uploads/2022/12/fukushimakokorokea2021.pdf
https://www.env.go.jp/chemi/rhm/portal/communicate/result/r3.html
https://www.env.go.jp/chemi/rhm/portal/communicate/result/r3.html
https://doi.org/10.33145/2304-8336-2021-26-371-397
https://doi.org/10.1016/j.jenvrad.2013.04.005
https://doi.org/10.1016/j.jenvrad.2013.04.005
https://doi.org/10.1017/dmp.2024.255

	Association Between Radiation Risk Perception Related to the Fukushima Nuclear Disaster and Traumatic Stress Symptoms Induced by Media Reports of the Russian Invasion of Ukraine
	Method
	Ethical Considerations, Registration, and Approval

	Results
	Participants’ Characteristics
	Univariate analysis of participants’ characteristics

	Discussion
	Implications and Concerns for Future Clinical Practice

	Limitations
	Conclusion
	Acknowledgements
	Author contribution
	Funding
	Competing interest
	References


