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Abstract

The present study aimed to examine the effect of radiation exposure on radiation anxiety and

psychological and physical symptoms among non-evacuee community residents in

Fukushima five years after the nuclear power plant accident. A questionnaire survey was

administered in 49 municipalities in Fukushima prefecture, randomly sampling 100 residents

from each municipality. Environmental radiation levels after the accident and at the time of

the survey were calculated using publicly available data measured by survey meters and

monitoring posts, respectively. Radiation anxiety was measured using a seven-item scale, and

psychological distress, posttraumatic stress symptoms, and physical symptoms were measured

using the K6, the six-item abbreviated version of the Posttraumatic Stress Disorder

Checklist-Specific version, and the 10 items from the Physical Stress Reaction subscale of the

Brief Job Stress Questionnaire, respectively. Valid responses from 1,521 residents (31.0%)

were analyzed using multilevel linear or logistic regression models to explore the

determinants of radiation anxiety and psychological and physical symptoms. Environmental

radiation levels at the time of the survey and after the accident were associated with the

residents’ radiation anxiety. Disaster-related experiences, such as direct damage,

disaster-related family stress, and fear or anxiety immediately after the accident, and

sociodemographic characteristics (e.g., male gender, younger age, low socioeconomic status,

and married) were also associated with radiation anxiety. Environmental radiation levels were
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not associated with the residents’ psychological or physical symptoms, but radiation anxiety

was.

1. Introduction

1.1. Long-term mental health effects of nuclear power plant accidents

Studies conducted after the previous nuclear power plant accidents at Three Mile
Island (TMI) and Chernobyl reported adverse effects on the long-term mental health of the
residents of those communities [1,2]. After the TMI accident, mothers of preschool children
living within 10 miles of the nuclear power plant were found to have increased levels of
anxiety and depression in the survey conducted at nine months to 3.5 years after the accident
[3,4]. Among them, some were identified as having high levels of distress for more than 10
years [5]. After the Chernobyl accident, exposed adults exhibited greater psychological
distress than non-exposed controls 3.5 to seven years after the accident [6-9]. Furthermore,
evacuee mothers with young children reported poorer subjective health and psychological
well-being compared to a control group of mothers 11 years and 19 years, respectively, after

the accident [10,11].
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1.2. Risk factors for mental health problems after nuclear power plant accidents

Studies conducted after the TMI and Chernobyl accidents reported risk factors for

mental health problems, which included being female [9,12-14], older [9], younger [14],

having a lower income or poor financial status [9,14], and being unmarried [9,12]. Other risk

factors included having a prior psychiatric history [3,4], poor physical or subjective health

[9,14], and poor social support [3]. The severity of the exposure to the accident, that is, the

distance of the residence from the nuclear power plant [3,4,12,14] and evacuation experience

[5] were also reported to increase the risk of mental health problems.

While these are similar to those reported after other kinds of disasters [15-18], risk

factors specific to nuclear power plant accidents have also been found, such as affected

people’s perceptions of or anxiety about the possible health-related effects of radiation

exposure. After the TMI accident, individuals’ perceived danger and harm to health were

found to be related to their psychological distress six months after the accident [13]. Their

perceived harm to health six months after the accident was also related to their psychological

distress three years later. The associations of perceived dangerousness of TMI and worries

about their own health and that of their children with anxiety symptoms were revealed in a

survey conducted 10 years after the accident [19]. Furthermore, Dew and Bromet (1993) [5]

reported that an individual’s initial perception of the dangerousness of TMI predicted their

psychological distress over the following 10 years. Similarly, after the Chernobyl accident,
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evacuee community residents who believed their health had been affected by the nuclear

power plant accident reported poorer self-rated health and psychological well-being 11 and 19

years, respectively, after the accident [10,11]. In the study conducted 19 years after the

accident, evacuee mothers’ poorer psychological well-being, compared to that of a control

group, became non-significant when their risk perceptions were adjusted [10], which suggests

the importance of the perceptions of the effects for the long-term mental health of people

affected by nuclear power plant accidents.

1.3. Perceptions of and anxiety about the possible health effects of nuclear power plant

accidents and their related factors

Community residents’ perceptions of and anxiety concerning the possible health

consequences of nuclear power plant accidents (hereafter referred to as “radiation anxiety”)

were assessed using various methods after the TMI and Chernobyl accidents, and their

persistence and related factors were reported. Goldsteen and Schorr (1982) [20] reported that

perceived danger, fear, and negative beliefs about the health-related effects of the TMI

accident among the residents did not mitigate or worsened from six months to one year after

the accident. Ginzburg (1993) [6] reported that in the survey conducted 3.5 years after the

Chernobyl accident, a greater proportion of residents living in the contaminated villages

believed they had radiation-related illnesses, as compared to those living in control villages.
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A few studies conducted after the TMI accident have explored the factors related to

radiation anxiety. Dohrenwend et al. (1981) [12] reported that females, younger people, and

those living within five miles of the plant perceived a greater threat to their physical health

from the accident and radiation. Goldsteen et al. (1989) [13] reported that in a community

located within 10 miles of the TMI plant, people with mistrust of the TMI-related authorities,

those living near the plant, and females were more likely to perceive danger. Furthermore,

people with mistrust of the TMI-related authorities, females, younger people, and those with

less education were more likely to perceive their health as having been harmed.

1.4. Fukushima Daiichi Nuclear Power Plant accident

The Great East Japan Earthquake and tsunami, which occurred on March 11, 2011,

wreaked havoc on the Pacific coast of Northeast Japan and caused the Fukushima Daiichi

Nuclear Power Plant accident. Substantial amounts of radioactive materials were released into

the environment [21], and the Japanese government designated as an evacuation zone the area

within a 20-kilometer radius of the nuclear power plant and the area where the cumulative

exposure to radiation during the one year after the accident was predicted to exceed 20 mSv.

Approximately 146,500 residents were forced to evacuate [22] and many residents outside the

designated zone also evacuated spontaneously owing to concern about the adverse effects of

radiation on their health [23]. In addition to the consequences of the nuclear power plant
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accident, in Fukushima prefecture, there was damage caused by the massive earthquake and

tsunami. The number of dead and missing in Fukushima prefecture was 1,612 and 202,

respectively, and the number of completely and partially destroyed houses was 18,029 and

74,876, respectively [24]. When compared to the neighboring coastal prefectures such as

Miyagi and Iwate, the extent of damage caused by the earthquake and tsunami in Fukushima

prefecture was not outstanding; however, the consequences of the nuclear power plant

accident have been huge and prolonged. One year after the accident, there were approximately

97,900 evacuees living in Fukushima prefecture and about 62,800 had evacuated from

Fukushima prefecture. Even five years after the accident, there were approximately 54,000

and 39,200 evacuees living in and outside Fukushima prefecture, respectively [25,26].

Although the radiation exposure of the community residents was very limited, their mental

health problems have been of great concern, based on the findings of the studies on the

Chernobyl accident [27,28].

1.5. Findings on the community residents’ mental health after the Fukushima Daiichi Nuclear

Power Plant accident

After the Fukushima Daiichi Nuclear Power Plant accident, the mental health of

evacuees from the designated evacuation zone in Fukushima prefecture has been followed by

the Fukushima Health Management Survey [29], which reported a high proportion of mental
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health problems among them [30,31]. The United Nations Scientific Committee on the Effects

of Atomic Radiation (UNSCEAR) 2013 Report noted that “the most important health effect is

on mental and social well-being, related to the enormous impact of the earthquake, tsunami

and nuclear accident, and the fear and stigma related to the perceived risk of exposure to

ionizing radiation” [32].

Risk factors for mental health problems found in studies after the TMI and Chernobyl

accidents have also been reported after the Fukushima nuclear power plant accident. These

risk factors include being female [33-36], older [33,35], having lower educational attainment

[34,36], being unemployed [34], having a history of mental illness [33,36], and poor social

support [35]. In addition, direct disaster damages, which seemed to be caused by the massive

earthquake and tsunami, such as the loss of someone close [33,36] and house damage [34,36],

were also reported as risk factors for psychological distress. Moreover, other disaster-related

experiences, such as the loss of a job [33,36], decreased income [33,36], living in temporary

housing or facilities other than one’s own home [33,36], and multiple relocations after the

disaster [35], were reported to be associated with psychological distress after the Fukushima

nuclear power plant accident. These findings are consistent with those of studies conducted

after other kinds of disasters [15-18].

Radiation anxiety and its association with mental health among community residents

was also reported after the Fukushima nuclear power plant accident [37]. Karz et al.’s (2014)
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[38] narrative survey conducted 2.5 years after the accident reported that fear of radiation

pertaining to the safety and health of families was prominent among the community residents

in Fukushima. Studies of evacuees reported correlations of risk perceptions (i.e., perceived

likelihood of health damage caused by the current level of radiation exposure) with severe

psychological distress at one year and for three years after the accident [35,36]. A study of

community residents in a prefecture neighboring Fukushima conducted 11 months after the

accident also reported a correlation between anxiety about possible radioactive contamination

and psychological distress [34].

Concerning the related factors of radiation anxiety, several studies conducted after

the Fukushima nuclear power plant accident reported similar factors to those reported after the

TMI accident. Among the evacuees, the perceptions of radiation risks for three types of

adverse health effects (i.e., immediate health effects, delayed health effects, and genetic

effects) were examined approximately one year after the accident [36]. In this study, female

gender was associated with a higher perceived risk of delayed health effects and genetic

effects, and older age was associated with a higher perceived risk of immediate health effects

and genetic effects, whereas younger age was associated with a higher perceived risk of

delayed health effects. Lower educational attainment was associated with higher perceived

risk of all three types of health effects. Furthermore, disaster-related stressors, such as severe

house damage, bereavement, living in facilities other than their own houses, job loss,
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decreased income, and living outside Fukushima prefecture were related to higher risk
perceptions of at least one of these three types of adverse health effects. In a survey of a
nationally representative sample conducted one year after the accident, respondents who were
female, married, experienced house damage, and were living in disaster-affected regions or in
Kanto region (compared to other regions of Japan) were reported to be more concerned about
radiation [39]. Students, however, were less concerned compared to those with income from
work. A study of the general population’s perceptions of radiation risk regarding health
conducted five years after the accident reported that being female, having a spouse, having
children, having evacuation experiences, and being mistrustful of the central government were

associated with higher perceived risk [40].

1.6. The effects of the environmental radiation level on the mental health of the community
residents

As for community residents” mental health after nuclear power plant accidents, the
effects of their radiation anxiety have been reported [5,10,11,13,19,34-36]. However, reports
on the effects of objective measures of environmental radiation exposure on residents’ mental
health are limited and their findings are inconsistent. Twenty years after the Chernobyl
accident, Beehler et al. (2008) [41] found no associations between the level of caesium-137
ground contamination at the time of the survey and residents’ depression and anxiety. In
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contrast, Lehmann and Wadsworth (2011) [42] did report an association between area-level

dose of caesium-137 at the time of the accident and self-reported poor health 20 years after

the Chernobyl accident. Regarding the evacuees of the Fukushima accident, Kunii et al.

(2016) [33] reported an ecological association between area-based environmental radiation

levels at the time of the survey and the proportion of residents with high levels of

psychological distress. However, their study did not account for the residents’ individual

characteristics. Furthermore, research has not been conducted to determine whether this

association is applicable outside the evacuation zone, where the radiation levels were low and

the evacuation order was not issued.

It seems reasonable to assume that residents in areas with higher radiation levels

perceive more anxiety regarding health effects; however, the relationships between regional

radiation levels and residents’ radiation anxiety have not been studied. A few studies have

examined the relationship between the residents’ distance from the nuclear power plant and

their radiation anxiety, although their findings were inconsistent. After the TMI accident,

Dohrenwend et al. (1981) [12] reported that residents near the plant perceived a greater threat

to their physical health. However, Goldsteen et al. (1989) [13] reported that even though the

residents near the plant were more likely to perceive danger, their distance from the plant was

not associated with their perceived harm to their health. A study conducted after the

Fukushima accident by Murakami et al. (2016) [40] reported that residents of the prefecture
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far from the plant perceived higher radiation risk compared to the non-evacuee residents of

Fukushima prefecture.

1.7. Research gaps

Radiation anxiety is an important risk factor for long-term mental health after nuclear

power plant accidents. Although several factors have been reported to be associated with

radiation anxiety, including residents’ sociodemographic characteristics and disaster-related

experiences [12,13,36,39,40], the effects of objective measures of environmental radiation

levels have not been studied. Therefore, the effects of the reported factors after controlling for

the environmental radiation levels are still unknown. It is well known that disasters, including

nuclear power plant accidents, affect people’s mental health and that mental health is affected

not only by the severity of the damage experienced but also by demographic characteristics,

socioeconomic status, family factors, pre-disaster functioning or mental health problems, and

social support [15-18]. However, thus far, only a small number of studies have examined the

effect of environmental radiation levels on the mental health of residents affected by nuclear

power plant accidents, and their findings have been inconsistent [33,41,42]. Furthermore,

those studies did not explore the mechanisms through which environmental radiation levels

affect people’s mental health.
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1.8. Aims and hypotheses

In this study, | focused on radiation anxiety among the non-evacuee community

residents of Fukushima prefecture five years after the nuclear power plant accident. Since the

accident, the levels and effects of radiation exposure have been measured and evaluated

scientifically. Based on this evidence, it was reported that the general public’s exposure doses

have been generally low or very low, and no discernible increase in the incidence of

radiation-related health effects were expected among exposed members of the public or their

descendants [32,43]. However, radiation anxiety still remains among some people. A survey

of evacuees conducted approximately five years after the accident reported that delayed health

effects and genetic effects were a concern among 32.5% and 36.1% of respondents,

respectively [44]. Whether the radiation anxiety after the nuclear power plant accident is, to

some extent, based on objective measures of radiation levels or is completely independent

from them is an important issue. If these anxieties are independent from objective measures of

radiation exposure, radiation anxiety might not subside even if radiation levels reduce by

decontamination efforts, natural decay, or diffusion. Furthermore, the explanations of the

health-related effects of radiation by experts, which are aimed to mitigate radiation anxiety

based on doses of radiation exposure, might not work. On the other hand, a few studies have

suggested the possibility that regional radiation levels affect residents’ perceived physical

health and mental health [33,42] . It seems reasonable to assume that the regional radiation
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levels affect residents’ perceived physical or mental health through their radiation anxiety, that

is, relatively higher radiation levels increase individuals’ radiation anxiety, and their

heightened radiation anxiety undermines their mental health. Confirmation of residents’

radiation anxiety as one of the paths that connect regional radiation levels and residents’

mental health should contribute to the understanding of the affected populations’ mental

health after nuclear power plant accidents.

This study had three aims. First, it aimed to investigate the association of

environmental radiation exposure at the time of the accident and the time of the survey and

sociodemographic and disaster-related variables with radiation anxiety among non-evacuee

community residents of Fukushima prefecture. Second, the study aimed to investigate the

association of environmental radiation exposure at the time of the accident and the time of the

survey with residents’ mental health, including psychological distress, posttraumatic stress

symptoms, and physical symptoms, controlling for sociodemographic and disaster-related

variables. Third, the study aimed to clarify the role of radiation anxiety in the relationship

between environmental radiation exposure and residents’ mental health. | hypothesized that

(1) environmental radiation exposure is related to both the residents’ radiation anxiety and (2)

mental health, and that (3) radiation anxiety mediates the relationship between environmental

radiation exposure and residents” mental health.
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2. Methods

2.1. Study design and population

In the present study, the target communities comprised 49 of the 59 municipalities of

Fukushima prefecture (Appendix 1), excluding restricted areas close to the nuclear power

plant, as designated by the Japanese government. In each municipality, 100 residents aged 20

to 80 years were randomly sampled based on the basic resident registers, with double

weighting for residents aged 20 to 39 vyears; thus, for a total of 4,900 subjects, a

cross-sectional questionnaire survey was administered from February to April 2016.

2.2. Study variables

2.2.1. Non-specific psychological distress

Psychological distress was assessed using the K6, a six-item self-administered

standardized screening instrument of non-specific psychological distress over the past 30 days

[45,46]. Items are rated on a five-point scale from 0 (none) to 4 (all the time), with the total

score ranging from O to 24. Based on a previous study, | decided that individuals scoring 5

points or more exhibited psychological distress [47]. The cutoff point of 5 on the K6 was also

used in previous studies of community residents conducted after the Great East Japan

Earthquake [34,48]. However, a study conducted in the United States reported a score of 13 to

be the optimal cutoff point [49], and the studies conducted among the evacuees after the
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Fukushima nuclear power plant accident also used a score of 13 as a cutoff point [30,31,36].

Therefore, | added the analyses using the score of 13 as a cutoff point instead of 5.

2.2.2. Posttraumatic stress symptoms

Posttraumatic stress symptoms were assessed using the abbreviated version of the
Posttraumatic Stress Disorder Checklist-Specific version (PCL-S) [50-52]. The PCL-S is a
widely used questionnaire for people who have experienced a specific traumatic event. In this
study, the traumatic event specified was the experience of the Great East Japan Earthquake,
including the earthquake, tsunami, and nuclear power plant accident. In this study, the
six-item abbreviated version developed by Lang and Stein (2005) [53] was used. The items,
which measure the degree to which respondents are bothered by symptoms, are rated on a
five-point Likert scale from 1 (not at all) to 5 (extremely), with a total score ranging from 6 to
30 points and higher scores indicating higher levels of symptom severity. Based on a previous
study, | decided that individuals scoring 17 points or more exhibited posttraumatic stress

symptoms [51].

2.2.3. Physical symptoms
Physical symptoms were assessed using the 10 items of the Physical Stress Reaction
subscale of the Brief Job Stress Questionnaire (BJSQ) [54]. The items measure the frequency
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of experiencing physical symptoms, such as dizziness, joint ache, headache, stiff neck or

shoulder, backache, eye strain, heart palpitations or shortness of breath, stomach problems,

loss of appetite, and constipation or diarrhea over the past 30 days. Items are rated on a

four-point scale from 1 (very few) to 4 (always), with a total score ranging from 10 to 40

points and higher scores indicating higher frequencies of physical symptoms. Cronbach’s

alpha coefficient of the 10 items in the present study’s sample was 0.82. As the cutoff point of

the total score of these 10 items has not been examined, in this study | decided to identify the

30% of the participants with higher scores, which corresponded to scores of 19 or above. To

confirm whether the results depended on the cutoff point chosen, | repeated the analyses with

a cutoff point of 23, which corresponded to 10% of the participants with higher scores.

Further, | repeated the analyses using the total score of these 10 items as a continuous variable,

instead of identifying the cases with symptoms by a cutoff point.

2.2.4. Radiation anxiety

Radiation anxiety was defined as negative cognitions and perceptions, such as worry

and anxiety about the possible adverse health effects of radiation exposure, and related

psychosocial problems, such as perceived stigma and discrimination owing to radiation

exposure. Radiation anxiety was assessed using the seven-item Radiation Anxiety Scale

developed by Umeda et al. (2014) [55,56]. The items were derived from a qualitative analysis
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of descriptions of worry, anxiety, and problems related to radiation exposure by residents

evacuated from Fukushima after the nuclear power plant accident. The validity of the scale

was confirmed among the non-evacuee adult community residents in one municipality of

Fukushima prefecture [55,56]. The following items were used in this study: 1) I am concerned

about acquiring a serious illness in the future owing to the effects of radiation; 2) Every time |

feel ill, 1 am afraid it is caused by radiation exposure; 3) 1 am concerned that radiation effects

can be inherited by the next generation, such as children and grandchildren; 4) | feel extreme

anxiety when | see news reports concerning the nuclear power plant accident; 5) | have

experienced discrimination (or unfair treatment) because | lived in an area that has been

reported to have high levels of radiation; 6) I try not to tell others that I am a resident of that

area whenever possible; and 7) | have experienced conflicts and trouble with my family

members over the health effects of radiation. The items were rated on a four-point Likert scale

from 1 (strongly disagree) to 4 (strongly agree), and the items’ scores were summed to obtain

a total summary score, ranging from 7 to 28, with higher scores indicating higher levels of

radiation anxiety. Cronbach’s alpha coefficient for the scale has been reported as 0.81 [55,56],

and in the present study’s sample it was 0.85. A factor analysis suggested a two-factor

structure of the scale, with the first factor loaded by items #1-4 for adverse health effects

(explaining 48% of the variance) and the second factor loaded by items #5-7 for social and

interpersonal conflicts related to radiation (explaining 17% of the variance) [55,56]. Because
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the subscale scores corresponding to these two factors were strongly correlated (Pearson’s r =

0.48) [55,56], | used the scale to represent the single construct of radiation anxiety. I

confirmed the results using the adverse health effects subscale score, instead of the total scale

score. The adverse health effects subscale score ranges from 4 to 16.

2.2.5. Sociodemographic characteristics

The sociodemographic characteristics included in this study were gender, age,

educational attainment, household income in the past year, number of members living in the

household, marital status, living arrangement, working status, and having a chronic physical

disease under treatment. Household income in the previous year was measured using five

categories (i.e., < 2.5, 2.5-5.0, 5.0-7.5, 7.5-10.0, > 10.0 million yen). Based on this

information, | generated three categories for household income level that were adjusted by

household size, dividing household income by the square root of the number of household

members according to a procedure used in a previous study [57]. When the number of

household members was one or two, a household income < 2.5 was categorized as low,

2.5-5.0 was categorized as middle, and > 5.0 as high. When the number of household

members was three, household income < 2.5 was categorized as low, 2.5-7.5 was categorized

as middle, and > 7.5 as high. When the number of household members was four or more,

household income <5.0 was categorized as low, 5.0-10.0 was categorized as middle, and >

26



10.0 as high.

2.2.6. Disaster-related experiences

I examined two dimensions of disaster damage experienced by individuals: direct

damage and disaster-related family stress. To assess direct damage, four experiences were

explored: 1) harm to oneself; 2) harm to or death of family members; 3) loss of job or

temporary absence from work; and 4) house damage or loss of property. To assess family

stress, two experiences were explored: 1) deterioration of family relationships and 2) family

separation. When the individuals reported at least one experience in each category, I

designated them as having the experience of direct damage or disaster-related family stress.

The degree of fear or anxiety experienced immediately after the nuclear power plant

accident was assessed using a single-item scale with response options ranging from 1 (none)

to 5 (extreme).

2.2.7. Social network

The total score of the Japanese version of the abbreviated Lubben Social Network

Scale (LSNS-6) [58,59] was used to measure individuals’ social networks. The LSNS-6

consists of six items, including three concerning family network and three concerning

non-family network, inquiring about the number of members in each network. Items are rated
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on a six-point scale from 0 to 5, with a total score ranging from 0 to 30. Higher scores

indicate larger networks.

Membership in associations or groups was also assessed, based on participants’

responses to a list of 13 types of associations, such as neighborhood community association,

hobby group, industry organization, and religious group. If respondents were members of at

least one of those associations, | designated them as belonging to some group or organization.

2.2.8. Environmental radiation levels

For each municipality, | calculated the average environmental air dose rate of

radiation (uSv/h), which was measured one meter above ground at the time of the survey and

soon after the Great East Japan Earthquake, using the data obtained from the

information-disclosure site of the Japan Atomic Energy Agency. To calculate the average air

dose rates at the time of the survey, | used the data of “Measurement results of air dose rates

nationwide and in Fukushima prefecture (real-time distribution) daily average” [60]. These air

dose rates were measured using monitoring posts. | calculated the yearly average in each

municipality using the data from May 1, 2015, to April 30, 2016. Since the fluctuation of

monthly averages was large and there is also an annual fluctuation in natural radiation, | used

the one-year averages to the time of the survey to obtain stable values for each municipality.

When calculating the average air dose rates soon after the Great East Japan
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Earthquake, the data used to calculate the current air dose rate was not available. Therefore, |

used the data from the Fukushima prefecture environmental radiation monitoring-mesh

investigation, which were measured using a survey meter (ambient dose equivalent rate) [61].

| used the data obtained in the first survey conducted April 12-16, 2011. | used all the data

reported at all measuring points in each municipality.

2.3. Statistical analysis

First, | calculated descriptive statistics for individual characteristics of the study

population and municipality radiation levels. Then, | examined relationships between

individual-level independent variables and outcomes. For radiation anxiety, | examined the

relationships between the total score on the Radiation Anxiety Scale and the independent

variables using t-tests, analysis of variance, or Pearson’s correlation coefficients. For

psychological distress, posttraumatic stress symptoms, and physical symptoms, | used

chi-square tests or t-tests to compare participants who scored above versus below each cutoff

point.

Next, because the data had a hierarchical structure, with individuals nested within

municipalities, | developed two-level multivariate regression models for each outcome. 1 used

a multilevel multivariate linear regression model for radiation anxiety, and a multilevel

multivariate logistic regression model for psychological distress, posttraumatic stress
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symptoms, and physical symptoms. In the analytical process, | added independent variables

sequentially and examined the change in the macro-level variance. First, | used the model

with only the random intercept to assess whether there was a significant variation in each

outcome across municipalities and to reveal its size (Model 1). Then I included municipality

radiation levels in Model 2 to examine their effects on the outcomes. As municipality

radiation levels at the time of the survey and soon after the earthquake were strongly

correlated (Pearson’s r = 0.9142), | added them separately. In Model 3, | added

individual-level independent variables to control their effects. As for psychological distress,

posttraumatic stress symptoms, and physical symptoms, | constructed Model 4 by adding

individual radiation anxiety to Model 3 to examine its effect.

All statistical analyses were performed using Stata 15 for Windows (StataCorp LP,

College Station, TX). Statistical significance was set at .05 and all tests were two-tailed.

2.4. Ethical considerations

All procedures followed were in accordance with the Helsinki Declaration and its

later amendments. The study protocol was reviewed and approved by the Research Ethics

Committee of the University of Tokyo Graduate School of Medicine and Faculty of Medicine

(approval number: 3513-(6)). The questionnaire was sent to the study population with a letter

explaining the study and asking them to send back the filled questionnaire if they consented to
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participate.

3. Results

3.1. Sample characteristics

Among the 4,900 initial subjects, valid responses were obtained from 2,038

individuals from 49 municipalities (response rate: 41.6%), from which | ultimately used the

data of the 1,521 (31.0%) respondents who did not have missing information on any of the

study variables.

Table 1 displays descriptive statistics of the individual characteristics of the study

population. Regarding disaster-related experiences, 481 (31.6%) individuals had experienced

direct damage and 123 (8.1%) had experienced disaster-related family stress. For direct

damage, 13 (0.9%) experienced harm to oneself, 64 (4.2%) experienced harm to or death of

family members, 231 (15.2%) experienced loss of job or temporary absence from work, and

291 (19.1%) experienced house damage or loss of property. Concerning family stress, 61

(4.0%) experienced deterioration of family relationships and 81 (5.3%) experienced family

separation. As for the level of fear or anxiety immediately after the nuclear power plant

accident, which was assessed by a five-point scale, 530 (34.9%) respondents scored 5

(extremely) and 339 (22.3%) scored 4 (a lot).
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The average score on the Radiation Anxiety Scale was 14.8 (standard deviation =

4.4). The average score on the adverse health effects subscale of the Radiation Anxiety Scale

was 10.0 (standard deviation = 3.0). The average score for the K6 was 3.3 (standard deviation

= 4.4). The respondents who scored 5 points or above and 13 points or above on the K6 were

443 (29.1%) and 69 (4.5%), respectively. The average score for the abbreviated version of the

PCL-S was 8.3 (standard deviation = 3.6). Sixty (3.9%) respondents scored 17 points or above

on the abbreviated version of the PCL-S. As for the total score of the 10 items of the Physical

Stress Reaction subscale of the BJSQ, the respondents who scored 19 or above and 23 or

above were 417 (27.4%) and 155 (10.2%), respectively. The average of the total score of the

10 items was 16.0 (standard deviation = 4.8). The distributions of the scores of these

outcomes are shown in Appendix 2.

The extent of overlapping of psychological distress, posttraumatic stress symptoms,

and physical symptoms is shown in Appendix 3, in which I used the cutoff point of 5 on the

K6, 17 on the abbreviated version of the PCL-S, and 19 on the total score of the 10 items of

physical symptoms. Among the 1,521 participants, the respondents who had all three types of

symptoms (i.e., psychological distress, posttraumatic stress symptoms, and physical

symptoms) was 37 (2.4%), and those who had at least one of them was 614 (40.4%). Among

the 443 respondents with psychological distress, 51 (11.5%) had posttraumatic stress

symptoms, 251 (56.7%) had physical symptoms, and 178 (40.2%) had only psychological
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distress. Among the 60 respondents with posttraumatic stress symptoms, 51 (85.0%) had

psychological distress, 41 (68.3%) had physical symptoms, and five (8.3%) had only

posttraumatic stress symptoms. Among the 417 respondents with physical symptoms, 251

(60.2%) had psychological distress, 41 (9.8%) had posttraumatic stress, and 162 (38.8%) had

only physical symptoms.

3.2. Environmental radiation levels

Among the 49 municipalities surveyed, the average air dose rates at the time of the

survey ranged from 0.0456 uSv/h to 0.1931 uSv/h, with a mean of 0.1003 puSv/h and a median

of 0.0883 uSv/h. The average air dose rates soon after the Great East Japan Earthquake

ranged from 0.0972 pSv/h to 2.0280 pSv/h, with a mean of 0.5617 uSv/h and a median of

0.3216 uSv/h. The average air dose rates of radiation in each municipality at the time of the

survey and soon after the earthquake used in this study are reported in Appendix 1.

3.3. Relationships of radiation anxiety with individual-level characteristics

Table 2 reports the relationships of the sociodemographic, disaster-related, and social

network characteristics with the level of radiation anxiety. Higher radiation anxiety was

observed in young and middle-aged participants, and in those with lower income levels.

Being married and having more family members in a household were related to higher
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radiation anxiety. Participants who had experienced direct damage, disaster-related family

stress, or fear or anxiety immediately after the nuclear power plant accident showed higher

radiation anxiety. Almost the same results were obtained in analyses using the adverse health

effects subscale score of the Radiation Anxiety Scale instead of the total score (Appendix 4).

3.4. Associations of individual-level characteristics and radiation anxiety with psychological

and physical symptoms

Table 3 reports the relationships of sociodemographic, disaster-related, and social

network characteristics and radiation anxiety with psychological distress, in which | used the

cutoff point of 5 on the K6. The group with high psychological distress tended to consist of

females and young individuals. Participants in this group were also less likely to be married,

had a smaller number of family members in their households, a smaller social network of

family or friends, did not belong to groups or organizations, and did not live in their own

houses. Furthermore, the high psychological distress group was more likely to have

experienced direct damage and disaster-related family stress, to have felt fear or anxiety

immediately after the nuclear power plant accident, and to have greater radiation anxiety.

Almost the same results were obtained by the analyses using the cutoff point of 13 instead of

5 (Appendix 5).

Table 4 reports the relationships of sociodemographic, disaster-related, and social
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network characteristics and radiation anxiety with posttraumatic stress symptoms. The group

with severe posttraumatic stress symptoms tended to consist of participants who had a smaller

number of family members in their households, a smaller social network of family or friends,

and were less likely to belong to groups or organizations. Furthermore, this group was more

likely to have experienced direct damage and disaster-related family stress, to have felt fear or

anxiety immediately after the accident, and to have greater radiation anxiety.

Table 5 reports the relationships of sociodemographic, disaster-related, and social

network characteristics and radiation anxiety with physical symptoms, in which | used the

cutoff point of 19 on the total score of the 10 items of the Physical Stress Reaction subscale of

the BJSQ. The group with frequent physical symptoms tended to consist of females and the

middle aged. This group was more likely to be working, living in a facility other than their

own house, and have a smaller social network of family or friends, and did not belong to

groups or organizations. Furthermore, this group was more likely to have experienced direct

damage and disaster-related family stress, to have felt fear or anxiety immediately after the

accident, and to have greater radiation anxiety. Almost the same results were obtained by the

analyses using the cutoff point of 23 instead of 19 and the analyses using the total score of the

10 items as a continuous variable (Appendix 6-7).
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3.5. Determinants of radiation anxiety

The results of the multilevel multivariate linear regression analysis of radiation

anxiety are shown in Table 6A. There was significant variability in the level of radiation

anxiety across municipalities, as shown in Model 1 (municipality-level variance = 1.60,

standard error = 0.44), although its proportion of the total variance was not large (intra-class

correlation = 0.08). When | added the municipality radiation levels in Model 2, the air dose

rate of radiation at the time of the survey explained 34% of the municipality-level variance.

The significant effects of municipality radiation levels at the time of the survey remained after

controlling for the individual-level characteristics in Model 3. Among the individual-level

predictors, being male, young or middle aged, having a lower educational level or household

income, being married, suffering direct damage from the earthquake, experiencing

disaster-related family stress, and feeling fear or anxiety immediately after the nuclear power

plant accident were significantly associated with higher radiation anxiety. With the full set of

individual- and municipality-level variables, 71% of the municipality-level variance was

explained, although the unexplained variance remained.

When examining the effects of municipality radiation levels soon after the

earthquake, | excluded the respondents who moved or evacuated after the earthquake. This

exclusion was because information on the residence of these respondents soon after the

earthquake was not available, and their exposed radiation levels after the earthquake could not
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be estimated. | repeated the same analyses (as above) for the 1,269 respondents who had not

moved since the accident (self-reported on the questionnaire). | also examined the effects of

municipality radiation levels at the time of the survey again with this sample to compare them

with those soon after the earthquake (Table 6B). Similarly, in Model 1, there was significant

variability in the level of radiation anxiety across municipalities (municipality-level variance

= 1.17, standard error = 0.37), although the proportion of the total variance was not large

(intra-class correlation = 0.06). When | added the municipality radiation levels in Model 2, the

air dose rate of radiation at the time of the survey explained 30% of the municipality-level

variance (Model 2A) and the air dose rate of radiation soon after the earthquake explained

19% (Model 2B). Although both the air dose rate of radiation at the time of the survey and the

air dose rate of radiation soon after the earthquake were significantly associated with

individuals’ radiation anxiety, the air dose rate at the time of the survey showed the stronger

association with individuals’ radiation anxiety. The significant effects of municipality

radiation levels at the time of the survey and soon after the earthquake both remained after

controlling for the individual-level characteristics in Model 3. Among the individual-level

predictors, being young or middle-aged, having a lower household income, being married,

suffering direct damage from the earthquake, experiencing disaster-related family stress, and

feeling fear or anxiety immediately after the nuclear power plant accident were significantly

associated with higher radiation anxiety. With the full set of individual- and municipality-level
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variables, 68% and 62% of the municipality-level variance was explained in Model 3A and in
Model 3B, respectively, although unexplained variance remained. Almost the same results
were obtained using the adverse health effects subscale score of the Radiation Anxiety Scale
instead of the total score except for the effects of air dose rate of radiation soon after the

earthquake, which was not significantly associated with radiation anxiety (Appendix 8-9).

3.6. Determinants of psychological distress

The results of the multilevel multivariate logistic regression analysis of psychological
distress, in which | used the cutoff point of 5 on the K6, are shown in Table 7A. There was
significant but relatively small variability in the proportion of participants with psychological
distress across municipalities, as shown in Model 1 (municipality-level variance = 0.15
standard error = 0.06). When municipality radiation levels were added in Model 2, the air
dose rate of radiation at the time of the survey was significantly related to individual
psychological distress. However, after individual-level characteristics were controlled for in
Model 3, it was no longer significantly related to individual psychological distress. In Model
4, | added individual radiation anxiety to Model 3, and it was significantly related to
psychological distress. When | added the adverse health effects subscale score of the
Radiation Anxiety Scale instead of the total score, the subscale score was also significantly
related to psychological distress (Odds Ratio = 1.17, 95% Confidence Interval = 1.11-1.23).
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As for the other individual-level predictors, female gender and suffering direct damage from

the earthquake were significantly associated with psychological distress. Being married,

living in their own houses, and having a broader social network of family and friends were

significant protective factors for psychological distress. The results of the multilevel

multivariate logistic regression analysis of psychological distress determined by the cutoff

point of 13 instead of 5 on the K6 are shown in Table 8A. Almost the same results were

obtained except for the non-significant effect of radiation anxiety on psychological distress.

The results of the examination of the effects of municipality radiation levels soon

after the earthquake in addition to those at the time of the survey are reported in Table 7B. |

used the cutoff point of 5 on the K6 to determine psychological distress. Similarly, there was

significant but relatively small variability in the proportion of participants with psychological

distress across municipalities, as shown in Model 1 (municipality-level variance = 0.19,

standard error = 0.08). When municipality radiation levels were added in Model 2, both the

air dose rate of radiation at the time of the survey and air dose rate of radiation soon after the

earthquake were significantly related to individual psychological distress. However, after

individual-level characteristics were controlled for in Model 3, neither air dose rate of

radiation at the time of the survey nor air dose rate of radiation soon after the earthquake was

significantly related to individual psychological distress. In Model 4, | added individual

radiation anxiety to Model 3, and it was significantly related to psychological distress. The
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corresponding results of the multilevel multivariate logistic regression analysis of

psychological distress determined by the cutoff point of 13 instead of 5 on the K6 are shown

in Table 8B. Almost the same results were obtained.

3.7. Determinants of posttraumatic stress symptoms

The results of the multilevel multivariate logistic regression analysis of posttraumatic

stress symptoms are shown in Table 9A. There was significant but relatively small variability

in the proportion of participants with posttraumatic stress symptoms across municipalities, as

shown in Model 1 (municipality-level variance = 0.36, standard error = 0.27). When

municipality radiation levels were added in Model 2, the air dose rate of radiation at the time

of the survey was significantly related to individual posttraumatic stress symptoms. However,

after individual-level characteristics were controlled for in Model 3, it was no longer

significantly related to individual posttraumatic stress symptoms. In Model 4, | added

individual radiation anxiety, and it was significantly related to posttraumatic stress symptoms.

When | added the adverse health effects subscale score of the Radiation Anxiety Scale instead

of the total score, the subscale score was also significantly related to posttraumatic stress

symptoms (Odds Ratio = 1.24, 95% Confidence Interval = 1.10-1.40). As for the other

individual-level predictors, lower educational attainment, suffering direct damage from the

earthquake, experiencing disaster-related family stress, and feeling fear or anxiety
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immediately after the accident were significantly associated with posttraumatic stress

symptoms. Having a larger number of household members and a broader social network of

family and friends were significant protective factors for posttraumatic stress symptoms.

The results of the examination of the effects of municipality radiation levels soon

after the earthquake in addition to those at the time of the survey are reported in Table 9B.

Variability in the proportion of the respondents with posttraumatic stress symptoms between

municipalities was not observed (municipality-level variance = 0.33, standard error = 0.34 in

Model 1). When municipality radiation levels were added in Model 2, both the air dose rate of

radiation at the time of the survey and air dose rate of radiation soon after the earthquake were

significantly related to individual posttraumatic stress symptoms. However, after

individual-level characteristics were controlled for in Model 3, neither air dose rate of

radiation at the time of the survey nor air dose rate of radiation soon after the earthquake was

significantly related to individual posttraumatic stress symptoms. In Model 4, | added

individual radiation anxiety, and it was significantly related to posttraumatic stress symptoms.

3.8. Determinants of physical symptoms

The results of the multilevel multivariate logistic regression analysis of physical

symptoms, in which | used the cutoff point of 19 on the total score of the 10 items of physical

symptoms, are shown in Table 10A. Variability in the proportion of respondents with physical
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symptoms between municipalities was not observed (municipality-level variance = 0.06,

standard error = 0.04 in Model 1). When municipality radiation levels were added in Model 2,

the air dose rate of radiation at the time of the survey was significantly related to individual

physical symptoms. However, after individual-level characteristics were controlled for, it was

no longer significantly related to individual physical symptoms (Model 3). Radiation anxiety

was significantly related to physical symptoms (Model 4). When | added the adverse health

effects subscale score of the Radiation Anxiety Scale instead of the total score, the subscale

score was also significantly related to physical symptoms (Odds Ratio = 1.12, 95%

Confidence Interval = 1.07-1.18). As for the other individual-level predictors, being female,

being young or middle-aged, working, having a chronic disease under treatment, and

experiencing disaster-related family stress were significantly associated with physical

symptoms. Living in one’s own house and having a broader social network of family and

friends were significant protective factors for physical symptoms. Almost the same results

were obtained by the analyses using the cutoff point of 23 instead of 19 (Table 11A) and the

analyses using the multilevel multivariate linear regression models with the total score of the

10 items as an outcome (Table 12A).

The results of the examination of the effects of municipality radiation levels soon

after the earthquake in addition to those at the time of the survey are reported in Table 10B. |

used the cutoff point of 19 on the total score of the 10 items of physical symptoms. Similarly,
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variability in the proportion of the respondents with physical symptoms between

municipalities was not observed (municipality-level variance = 0.04, standard error = 0.05 in

Model 1). When municipality radiation levels were added in Model 2, both the air dose rate of

radiation at the time of the survey and air dose rate of radiation soon after the earthquake were

significantly related to individual physical symptoms. However, after individual-level

characteristics were controlled for, neither air dose rate of radiation at the time of the survey

nor air dose rate of radiation soon after the earthquake was significantly related to individual

physical symptoms (Model 3). Radiation anxiety was significantly related to physical

symptoms (Model 4). Almost the same results were obtained by the analyses using the cutoff

point of 23 instead of 19 (Table 11B) and the analyses using the multilevel multivariate linear

regression models with the total score of the 10 items as an outcome (Table 12B).

4. Discussion

Both the environmental radiation levels at the time of the accident and at the time of

the survey significantly accounted for the radiation anxiety of the participants, which

supported our hypothesis. After adjusting for the environmental radiation level, being male

and younger (compared to aged 65+), having lower educational attainment (compared to

university or higher) and low household income (compared to high income), being married,
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experiencing disaster-related damage and family problems, and experiencing fear or anxiety

immediately after the accident were significantly associated with radiation anxiety. However,

the environmental radiation levels at the time of the accident and the survey did not account

for the residents’ psychological distress, posttraumatic stress symptoms, or physical

symptoms, which did not support our hypothesis. Radiation anxiety was significantly

associated with psychological distress, posttraumatic stress symptoms, and physical

symptoms.

In municipalities with relatively higher radiation levels, individuals were more likely

to report higher radiation anxiety. This is consistent with a previous observation from the TMI

accident, in which people living near the plant perceived a greater threat to their health from

radiation exposure [12]. However, this is inconsistent with the results of a study conducted by

Goldsteen et al. (1989) [13] after the TMI accident, in which an association between residents’

distance from the plant and perceived harm to their health was not observed. Goldsteen et al.

(1989) [13] conducted their study in a community located within 10 miles of the TMI plant,

with most residents living within five miles of the plant, that is, almost all their study

participants lived near the plant, which may explain the lack of association found between the

distance from the plant and participants’ perceived harm to their health. In a study conducted

five years after the Fukushima accident, Murakami et al. (2016) [40] reported that the
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residents of the prefecture located in Western Japan perceived higher radiation risk compared

to the non-evacuee residents of Fukushima prefecture. One of the reasons for this

counterintuitive finding might be that the residents in Fukushima prefecture who perceived a

higher risk had evacuated and were not included in their study’s category of non-evacuee

residents.

Although both the municipality radiation levels after the accident and at the time of

the survey were significantly correlated with respondents’ radiation anxiety, the municipality

radiation level at the time of the survey was more strongly associated with it. The present

study was conducted approximately five years after the accident, when the environmental

radiation level in the air had decreased, with the average air dose rate in each municipality at

the time of the survey being between 0.0456 and 0.1931 uSv/h. However, the present findings

suggest that current environmental radiation levels still affected residents’ radiation anxiety.

Community residents in Fukushima prefecture still seem sensitive to variations in these low

levels of environmental radiation exposure. These residents, once psychologically sensitized

to radiation exposure, may monitor small changes in radiation level from day to day and

continue to compare these levels between localities. In each municipality in Fukushima

prefecture, several to hundreds of monitoring posts showing the current measurement values

still stand at places such as schools, parks, and municipality offices. Furthermore, measured

radiation levels are continually reported in local newspapers and on the prefecture’s website.
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The finding that the current radiation level affected residents’ radiation anxiety more strongly

than the past radiation level may suggest that these measurement values to which the residents

are currently exposed are more likely to cause radiation anxiety. Community residents may

become more sensitive to minute fluctuations in reported radiation levels and experience

increased anxiety due to the invisibleness of radiation. In addition to ongoing monitoring of

their health, the continuous explanation of radiation’s health effects based on its dose seems to

be helpful even several years after the accident. Furthermore, decreases in the environmental

radiation levels by continuous decontamination efforts can alleviate residents’ radiation

anxiety.

In this study, to examine the effects of environmental radiation levels after the

nuclear power plant accident on individual radiation anxiety and psychological and physical

symptoms, | used the measurement values of the air dose rate of radiation to which the

residents were exposed. | thought the examination of the relationships between these values

and the residents’ radiation anxiety and psychological and physical symptoms was needed

first. I did not compare the values of the air dose rate of radiation before the accident with the

values of the air dose rate of radiation after the accident. It can be assumed that almost the

entire study population lacked knowledge about the air dose rate of radiation and its values

before the accident. Therefore, only the measurement values after the accident were thought
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to have the potential to affect residents’ radiation anxiety and psychological and physical

symptoms. In this study, | used both the measurement values of the air dose rate of radiation

soon after the earthquake and the air dose rate of radiation at the time of the survey, rather

than the changes between these two time points. Using these changes would have been an

examination of the effects of the decrease of the air dose rate of radiation due to

decontamination efforts or natural decay or diffusion after the accident. If the hypothesis that

these changes have an important effect on residents’ radiation anxiety or psychological and

physical symptoms can be argued theoretically, then these changes require further

investigation in future studies.

Disaster-related experiences, that is, direct disaster damage, disaster-related family

stress, and fear or anxiety immediately after the nuclear power plant accident, were still

significantly associated with radiation anxiety after adjusting for the environmental radiation

level. A traumatic experience accompanied by strong feelings of fear or anxiety from the

threat of death or health problems owing to the nuclear power plant accident might change the

perceptions and cognitions of community residents. Such changes can increase their

sensitivity to the possible health effects of radiation exposure, which might persist for many

years as a basis for prolonged radiation anxiety. In a previous study, a survey of evacuees in

Fukushima also found an association between direct disaster damage, such as house damage
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and bereavement, and perceptions of the health effects of radiation exposure [36]. Another

study, in which a nationally representative sample was surveyed, also found that the

participants who experienced house damage due to the disaster had greater concerns about

radiation even after controlling for their residential area [39]. Direct disaster damage, such as

injury, bereavement, or house damage, due to the earthquake or tsunami might have also

increased fear and anxiety about this traumatic experience related to the threat of death or

health problems, although these were not related exclusively to the nuclear power plant

accident. These findings suggest that a part of the radiation anxiety after a nuclear power plant

accident stems from the traumatic experience in reaction to that accident. This hypothesis

should be examined further in future research. Disaster-related family stress, which included

deterioration of family relationships and family separation, can also be caused inversely by

their radiation anxiety. Different levels of radiation anxiety among family members may cause

conflicts among them, or their anxiety about radiation’s adverse health effects might

encourage them to evacuate only children with their mothers, causing family separation. It

should also be noted that our radiation anxiety scale also includes an item on the experience

of conflict and trouble within the family in relation to radiation’s health effects. Thus, the

observed association might be artificial.

Respondents who were married and had lower educational attainment or household
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income reported greater radiation anxiety, which is consistent with previous findings

[13,36,39,40]. Married residents might have been concerned not only about themselves but

also about their families. People with lower educational attainment and lower income may

have a relatively limited capacity to access relevant information or assess the possible health

effects of a given radiation exposure. In the present study, younger respondents reported more

radiation anxiety, which is also consistent with the findings of studies on the TMI disaster

[12,13]. A previous study among evacuees of Fukushima reported that younger people

perceived the risk of delayed effects as higher and the risks of immediate and genetic effects

to be lower [36]. The effect of age on radiation anxiety might depend on the type of concern

and context. These groups should be considered high-risk groups that require special attention

for relieving their anxiety about radiation’s effects.

In this study, males were more likely than females to have high radiation anxiety,

which was inconsistent with previous findings. Previous studies conducted in TMI and

Fukushima consistently reported that females perceived a greater threat to their health or

greater concern about radiation [12,13,36,39,40]. The radiation anxiety scale used in this

study included the dimension of social and interpersonal conflict related to radiation in

addition to the dimension of adverse health effects. Ad-hoc analyses to examine the

relationship between gender and these two dimensions of radiation anxiety separately showed

that males were inclined to have higher radiation anxiety, especially concerning social and
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interpersonal conflict (coefficient of gender = -0.22, standard error = 0.14, p = 0.110 in Model

3A of radiation anxiety for adverse health effects; coefficient of gender = -0.19, standard error

= 0.10, p = 0.066 in Model 3A of radiation anxiety for social and interpersonal conflict). In

addition, in our study, the young population aged under 40 was sampled with double

weighting. Ad-hoc analyses in each age group showed that males were inclined to have higher

radiation anxiety, especially in young respondents (coefficient of gender = -0.17, standard

error = 0.30, p = 0.059 in Model 3A among the respondents under 40; coefficient of gender =

-0.15; standard error = 0.28, p = 0.588 in Model 3A among the respondents aged 40 or above).

The inconsistent result of this study may partly stem from the sampling method or the

multidimensionality of the scale used to measure radiation anxiety. Furthermore, when

examining the relationship between gender and radiation anxiety in previous studies, other

sociodemographic characteristics or disaster-related experiences might not have been fully

controlled for.

Environmental radiation levels were not significantly associated with respondents’

psychological or physical symptoms. This finding was unexpected and inconsistent with a

study conducted 20 years after the Chernobyl accident [42] and an ecological study of

evacuees in Fukushima [33]. However, it is in line with another study from the Chernobyl

accident [41], which also reported no association. A possible reason for the observed
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non-significant associations is that, in the present study, radiation levels were lower (almost <

2 USv/h at the time of the accident, and < 0.2 uSv/h at the time of the survey) at the survey

sites that were outside the restricted areas and relatively far from the nuclear power plant.

These levels of environmental radiation exposure might not have affected the psychological

or physical symptoms of the residents. The other possible reason for the inconsistency in

findings among studies is that possible confounders, such as socioeconomic status,

disaster-related experiences, and social network characteristics, were not fully controlled for

in previous studies. In this study, municipality radiation levels were significantly associated

with individuals’ psychological and physical symptoms before the individual-level variables

were adjusted. It is possible that these individual-level variables, which are known to be

related to post-disaster mental health, were correlated with environmental radiation levels

incidentally and produced apparent correlations between municipality radiation levels and

residents’ psychological and physical symptoms. Kunii et al. (2016) [33] reported the

ecological correlation between regional radiation levels and the proportion of the residents

with psychological distress among evacuees in Fukushima without controlling for individual

characteristics. Lehmann and Wadsworth (2011) [42] reported the significant correlation

between area-level dose of caesium-137 and self-reported health 20 years after the Chernobyl

accident with controlling for individual socio-demographic characteristics. On the other hand,

Beehler et al. (2008) [41] reported null-association between the level of ground contamination
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by caesium-137 and residents’ depression and anxiety with controlling for individual-level

variables such as disaster-related relocation, chronic daily strain, negative life events, and

mastery/controllability (which is one of the psychological coping resources) in addition to

socio-demographic characteristics. The results may depend to some extent on the individual

confounders adjusted in each study. The previously reported significant correlations between

environmental radiation levels and individual mental health [33,42] might have been partly

due to confounding by these individual characteristics.

I did not examine the third hypothesis—that radiation anxiety mediates the

relationship between environmental radiation exposure and residents’ mental health because

the second hypothesis, which was the premise for it, was not supported. Instead, | examined

the association of radiation anxiety with psychological distress, posttraumatic stress

symptoms, and physical symptoms. Radiation anxiety was significantly associated with all of

them, except for psychological distress determined by scoring 13 or above on the K6, in

which the odds ratio of radiation anxiety was marginally insignificant (odds ratio = 1.06; 95%

confidence interval = 0.99-1.13). These results suggest that while regional radiation levels did

not affect the residents’ mental health directly, they might have affected their mental health

indirectly through their radiation anxiety. In addition, the decrease of the odds ratio of the air

dose rate of radiation at the time of the survey by adding radiation anxiety in Model 4 was
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large, which was common to the analysis of psychological distress, posttraumatic stress

symptoms, and physical symptoms. Although the odds ratio of the air dose rate of radiation in

Model 3 was not statistically significant, the commonly observed large decrease of its odds

ratio might also suggest the possible mediating effect of radiation anxiety. The role of

radiation anxiety in the relationship between regional radiation levels and residents’ mental

health needs further examination. The results of the multilevel multivariate logistic regression

analyses using physical symptoms as a dependent variable indicated that there was almost no

variability in physical symptoms between the municipalities. As for psychological distress and

posttraumatic stress symptoms, variability between the municipalities was small and

disappeared after controlling for the individuals’ vulnerabilities and disaster-related

experiences. The lack of association between municipality radiation levels and the mental

health of individual residents in this study were thought to stem, in part, from the small

variability in the residents’ mental health across the municipalities.

After controlling for the environmental radiation level and individuals’ radiation

anxiety, significant associations of being female and unmarried with psychological distress

were found and being female and young or middle-aged were associated with physical

symptoms. Lower educational attainment and a smaller number of household members were

associated with posttraumatic stress symptoms. Living in facilities other than their own
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houses was significantly associated with psychological distress and physical symptoms.

Having a chronic disease was significantly associated with physical symptoms. Having

experienced direct damage from the disaster was significantly associated with psychological

distress and posttraumatic stress symptoms. Having experienced disaster-related family stress

was significantly associated with posttraumatic stress symptoms and physical symptoms. Fear

or anxiety immediately after the nuclear power plant accident was significantly associated

with posttraumatic stress symptoms. Having a small social network of family and friends was

significantly associated with psychological distress, posttraumatic stress symptoms, and

physical symptoms. These findings are in line with those of previous studies conducted after

disasters [15-18]. However, the result that working respondents were more likely to report

physical symptoms compared to those who were not working at the time of the survey was

unexpected. Job loss has been reported as one of the stressors that increase individuals’

vulnerability to post-disaster mental health problems [15]. Studies conducted after the

Fukushima accident also reported that job loss [33,36] or unemployment [34] were related to

poor mental health, and that the working population was more resilient than not-working

population [62]. One possible reason is that the scale used to measure physical symptoms in

this study was extracted from the questionnaire assessing the physical stress reaction in the

BJSQ [54], which was developed for use with working populations. Therefore, it is possible

that physical symptoms frequently observed among working people were more likely to be
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detected.

Limitations

The findings are tempered by several methodological limitations. First, the response

rate was not very high (31.0%), possibly causing a selection bias. For instance, if subjects

with fewer psychological and physical symptoms or lower radiation anxiety, living in a

municipality with low radiation levels, were less likely to participate in the study owing to

their lack of interest in these problems, the associations observed between environmental

radiation levels and these symptoms or radiation anxiety might have been underestimated.

Second, participants who lived in municipalities with relatively higher radiation levels and

had higher radiation anxiety might have been evacuated prior to the survey, and therefore, not

included in this sample. This might have resulted in the underestimation of the association

between the environmental radiation level and residents’ radiation anxiety. Third, the study

was cross-sectional, and a common method bias might have inflated the associations between

the variables measured by self-rated scales in the same questionnaire, for example, radiation

anxiety and psychological and physical symptoms. Fourth, the measurement of exposure to

environmental radiation might not have been precise at the individual level. The average

radiation levels were calculated using a municipality as a unit and might have differed from

the specific radiation level at the location in which a given respondent lived. It is also possible
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that respondents had moved to another municipality temporarily while retaining their

registration as residents of the former municipality, and the questionnaire sent to their former

address had been transferred to their current address. In this case, the respondent was treated

as a resident of a former municipality. These measurement errors could have resulted in an

underestimation of the association between radiation levels and radiation anxiety, and

psychological and physical symptoms. Fifth, reverse causality might be present in this study.

For instance, respondents with more severe psychological or physical symptoms might have

had negative cognitions and perceptions of the adverse health effects of radiation, and thus,

gave high ratings on the radiation anxiety scale. Sixth, in this study, a full set of factors

possibly associated with radiation anxiety and psychological and physical symptoms was not

investigated. For example, having a child has been reported to be associated with poor mental

health after previous nuclear power plant accidents [1,2,8]. The evacuation experience and

distrust of the central government or authorities have been reported to be related to

perceptions of radiation-related risks to health [13,40]. However, | did not address these

factors. In addition, ongoing efforts to provide education and disseminate information on

radiation and health might have reduced radiation anxiety to some extent, and hence,

weakened the association between radiation levels and radiation anxiety. Seventh, the

radiation anxiety scale used in the present study has not been fully validated, and could be

multidimensional, including different aspects of psychosocial problems related to radiation
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exposure. Therefore, | repeated the analyses using the four items concerning adverse health

effects instead of the total score of the scale, and almost the same results were obtained.

Eighth, the 10 items used to measure physical symptoms in this study has not been validated,

and these items were developed for assessing job stress, which might have been inadequate in

effectively identifying the physical symptoms of the community residents. Ninth, in this study,

the study population was randomly sampled with double weighting for the population under

40 years because the pilot survey suggested that mental health problems and radiation anxiety

seemed prevalent especially among the younger population [55]. Therefore, the current results

may represent the perspectives of the younger population rather than those of the residents

actually living in the study area. Future research is needed to replicate the present findings

using a prospective study design, accurate measurements of radiation levels from a

monitoring post closer to each respondent’s residence, and a multidimensional scale of

radiation anxiety, considering a more comprehensive set of sociodemographic, disaster-related,

and community-level variables, which are potentially associated with radiation anxiety and

psychological and physical symptoms.

Conclusions

In a questionnaire survey of a random sample of non-evacuee community residents

of 49 municipalities of Fukushima prefecture five years after the nuclear power plant accident,
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respondents’ radiation anxiety was affected by environmental radiation levels, as well as by

other factors, such as disaster-related experiences and sociodemographic characteristics. The

finding that the current radiation level was more strongly associated with residents’ radiation

anxiety than the level measured soon after the accident suggests the possibility that the

decrease in the current radiation level may contribute to the alleviation of residents’ radiation

anxiety. On the other hand, respondents’ psychological and physical symptoms were not

associated with radiation levels. However, they were associated with their radiation anxiety.
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Table 1. Socio-demographic, disaster-related, and social network characteristics of the total
sample (n=1,521).

n/ mean % / SD

Socio-demographic characteristics

Sex

Men 729 47.9

Women 792 52.1
Age, years

20-39 747 49.1

40-64 508 33.4

65+ 266 17.5

Mean / SD 44.7 16.6
Education attainment

Junior high school 145 9.5

High school 756 49.7

Junior or technical college 361 23.7

University or graduate school 259 17.0
Level of household income adjusted by household size D

Low 590 38.8

Middle 712 46.8

High 219 14.4
Marital status

Married 945 62.1

Separated, divorced, bereaved, unmarried or unknown 576 37.9
No. of family members in a household

1 (oneself) 149 9.8

2 321 211

3 329 21.6

4 311 20.5

5 197 13.0

6 or more 214 14.1

Mean / SD (range: 1-6) 3.5 1.5
Living arrangement

One's own house 1,233 81.1

Other 2 288 18.9
Working status

Working (employed, self-emploed or part-time) 1,140 75.0

Not working *’ 381 25.1
Chronic disease

Have a chronic disease under treatment 311 20.5

None 1210 79.6

Disaster-related experiences
Direct damage M 481 31.6
Disaster-related family stress 123 8.1

Fear or anxiety immediately after the NPP® accident
Mean / SD (score range: 1-5) 3.8 1.1

Social network

Family and friend (LSNS-6 7)

Mean / SD (score range: 0-30) 14.7 6.0
Belong to some groups or organizations 1,073 70.6

SD, standard deviation; df, degree of freedom; ref., reference

1

2)
3)
4)
5)

6)
7)

Category of low incudes household income <2.5 if headcount in a household was three
or less and <5.0 if headcount in a household was four or more. Category of middle
incudes household income 2.5-5.0 if headcount in a household was one or two, 2.5-7.5 if
three, and 5.0-10.0 if four or more. Category of high incudes household income >5.0 if
headcount in a household was one or two, >7.5 if three, and >10.0 if four or more.
Rented house, temporary house, disaster restoration house or acquaintance's or
relative's house

Leave of absence, student, full-time housewife or seeking employment

Correspond to any of the following: 1. Harm to oneself, 2. Harm to or death of family
members, 3. Loss of job or temporary absence from work, or 4. House damage or loss
of property

Correspond to any of the following: 1. Deterioration of family relationships, or 2. Family
separation

nuclear power plant

Lubben Social Network Scale -6



Table 2. Relationships of socio-demographic, disaster-related, and social network characteristics with radiation anxiety
(n=1,521).

mean/r SD t/F df p
Socio-demographic characteristics
Sex
Men 14.7 4.6 -0.8 1519 0.400
Women 14.9 4.2
Age, years
20-39 14.8 4.5 10.2 2,1518 <0.001
40-64 15.4 4.4
65+ 13.9 4.0
Education attainment
Junior high school 14.8 4.4 2.4 3, 1517 0.065
High school 15.0 4.5
Junior or technical college 14.9 4.3
University or graduate school 14.2 4.2
Level of household income adjusted by household size ¥
Low 15.1 4.4 3.8 2,1518 0.022
Middle 14.8 4.5
High 14.1 4.1
Marital status
Married 15.2 4.4 -4.2 1519 <0.001
Separated, divorced, bereaved, unmarried or unknown 14.2 4.4
No. of family members in a household
1 (oneself) 13.9 4.3 18 5, 1515 0.111
2 14.7 4.2
3 14.8 4.5
4 15.0 4.2
5 15.1 4.7
6 or more 15.1 4.5
Pearson’s r 0.065 0.011
Living arrangement
One's own house 14.8 4.4 0.0 1519 0.971
Other 2 14.8 4.3
Work
Working (employed, self-employed or part-time) 14.9 4.4 -1.2 1519 0.226
Not working ¥ 14.6 4.4
Chronic disease
Have a chronic disease under treatment 14.7 4.4 0.6 1519 0.582
None 14.8 4.4
Disaster-related experiences
Direct damage ¥
Experienced 16.4 4.5 -9.6 1519 <0.001
None 14.1 4.2
Disaster-related family stress
Experienced 17.8 4.3 -8.0 1519 <0.001
None 14.6 4.3
Fear or anxiety immediately after the NPP® accident
Pearson’s r 0.448 <0.001
Social network
Family and friend (LSNS-6 7)
Pearson’s r -0.009 0.724
Belong to some groups or organizations
Yes 14.9 4.4 -0.9 1519 0.354
No 14.7 4.5

r, Pearson's correlation coefficient; SD, standard deviation; df, degree of freedom; ref., reference

1) Category of low incudes household income <2.5 if headcount in a household was three or less and <5.0 if headcount in a
household was four or more. Category of middle incudes household income 2.5-5.0 if headcount in a household was one
or two, 2.5-7.5 if three, and 5.0-10.0 if four or more. Category of high incudes household income >5.0 if headcount in a
household was one or two, >7.5 if three, and >10.0 if four or more.

2) Rented house, temporary house, disaster restoration house or acquaintance's or relative's house

3) Leave of absence, student, full-time housewife or seeking employment

4) Correspond to any of the following: 1. Harm to oneself, 2. Harm to or death of family members, 3. Loss of job or
temporary absence from work, or 4. House damage or loss of property

5) Correspond to any of the following: 1. Deterioration of family relationships, or 2. Family separation

6) nuclear power plant

7) Lubben Social Network Scale -6



Table 3. The relationships of socio-demographic, disaster-related, and social network characteristics and radiation anxiety with psychological
distress (K6 > 5) (n=1,521).

Psychological distress

Low High
n/mean % /SD n/mean % /SD vt df p
Socio-demographic characteristics
Sex
Men 541 50.2 188 42.4 7.6 1 0.006
Women 537 49.8 255 57.6
Age, years
20-39 506 46.9 241 54.4 145 2 0.001
40-64 359 33.3 149 33.6
65+ 213 19.8 53 12.0
Education attainment
Junior high school 107 9.9 38 8.6 1.7 3 0.646
High school 527 48.9 229 51.7
Junior or technical college 255 23.7 106 239
University or graduate school 189 175 70 15.8
Level of household income adjusted by household size ¥
Low 404 375 186 42.0 2.9 1 0.239
Middle 513 47.6 199 44.9
High 161 14.9 58 13.1
Marital status
Married 705 65.4 240 54.2 16.8 1 <0.001
Separated, divorced, bereaved, unmarried or unknown 373 34.6 203 45.8
No. of family members in a household
1 (oneself) 95 8.8 54 12.2 141 5 0.015
2 235 21.8 86 19.4
3 222 20.6 107 24.2
4 214 19.9 97 21.9
5 143 13.3 54 12.2
6 or more 169 15.7 45 10.2
Mean / SD (range: 1-6) 3.5 1.6 3.3 15 24 1519 0.015
Living arrangement
One's own house 900 83.5 333 75.2 14.2 1 <0.001
Other ? 178 16.5 110 24.8
Working status
Working (employed, self-employed or part-time) 811 75.2 329 74.3 0.2 1 0.693
Not working * 267 24.8 114 257
Chronic disease
Have a chronic disease under treatment 222 20.6 89 20.1 0.0 1 0.825
None 856 79.4 354 79.9
Disaster-related experiences (ref. none)
Direct damage 4) 292 27.1 189 42.7 35.2 <0.001
Disaster-related family stress * 63 5.8 60 135 25.0 <0.001
Fear or anxiety immediately after the NPP® accident
Mean / SD (score range: 1-5) 3.7 1.1 3.9 1.1 -4.0 1,519 <0.001
Social network
Family and friend (LSNS-6 )
Mean / SD (score range: 0-30) 15.7 5.8 12.2 5.7 10.5 1,519 <0.001
Belong to some groups or organizations (ref. no) 800 74.2 273 61.6 239 1 <0.001
Radiation anxiety
Mean / SD (score range: 7-28) 14.2 4.2 16.4 4.5 -9.3 1519 <0.001
Radiation anxiety for adverse health effects
Mean / SD (score range: 4-16) 9.6 2.9 10.9 2.9 -8.2 1,519 <0.001

SD, standard deviation; df, degree of freedom; ref., reference
Category of low incudes household income <2.5 if headcount in a household was three or less and <5.0 if headcount in a household was
four or more. Category of middle incudes household income 2.5-5.0 if headcount in a household was one or two, 2.5-7.5 if three, and 5.0-
10.0 if four or more. Category of high incudes household income >5.0 if headcount in a household was one or two, >7.5 if three, and

1

2)

4)

5)
6)
7

>10.0 if four or more.

Rented house, temporary house, disaster restoration house or acquaintance's or relative's house
Leave of absence, student, full-time housewife or seeking employment

Correspond to any of the following: 1. Harm to oneself, 2. Harm to or death of family members, 3. Loss of job or temporary absence from

work, or 4. House damage or loss of property

Correspond to any of the following: 1. Deterioration of family relationships, or 2. Family separation

nuclear power plant
Lubben Social Network Scale -6



Table 4. The relationships of socio-demographic, disaster-related, and social network characteristics and radiation anxiety with posttraumatic

stress symptoms (n=1,521).

Posttraumatic stress symptoms

Low High
n/mean % /SD n/mean % /SD 1t df p
Socio-demographic characteristics
Sex
Men 703 48.1 26 433 0.5 1 0.467
Women 758 51.9 34 56.7
Age, years
20-39 715 48.9 32 53.3 0.5 2 0.777
40-64 489 335 19 31.7
65+ 257 17.6 9 15.0
Education attainment
Junior high school 137 9.4 8 13.3 7.7 3 0.053
High school 720 49.3 36 60.0
Junior or technical college 348 23.8 13 21.7
University or graduate school 256 17.5 3 5.0
Level of household income adjusted by household size ¥
Low 567 38.8 23 38.3 0.5 1 0.793
Middle 682 46.7 30 50.0
High 212 14.5 7 11.7
Marital status
Married 914 62.6 31 51.7 29 1 0.088
Separated, divorced, bereaved, unmarried or unknown 547 374 29 48.3
No. of family members in a household
1 (oneself) 136 9.3 13 21.7 13.2 5 0.021
2 306 20.9 15 25.0
3 316 21.6 13 21.7
4 301 20.6 10 16.7
5 193 13.2 4 6.7
6 or more 209 14.3 5 8.3
Mean / SD (range: 1-6) 3.5 15 2.9 15 3.2 1519 0.002
Living arrangement
One's own house 1,190 81.5 43 71.7 3.6 1 0.058
Other ? 271 18.6 17 28.3
Working status
Working (employed, self-employed or part-time) 1,097 75.1 43 717 0.4 1 0.549
Not working 3) 364 24.9 17 28.3
Chronic disease
Have a chronic disease under treatment 299 20.5 12 20.0 0.0 1 0.930
None 1162 79.5 48 80.0
Disaster-related experiences (ref. none)
Direct damage 4 443 30.3 38 63.3 29.0 <0.001
Disaster-related family stress 106 7.3 17 28.3 34.4 <0.001
Fear or anxiety immediately after the NPP® accident
Mean / SD (score range: 1-5) 3.7 11 4.4 1.0 -45 1519 <0.001
Social network
Family and friend (LSNS-6 )
Mean / SD (score range: 0-30) 14.8 5.9 12.1 7.4 3.5 1519 0.001
Belong to some groups or organizations (ref. no) 1,140 71.2 33 55.0 7.3 1 0.007
Radiation anxiety
Mean / SD (score range: 7-28) 14.6 4.3 19.3 4.8 -8.1 1,519 <0.001
Radiation anxiety for adverse health effects
Mean / SD (score range: 4-16) 9.9 2.9 12.3 3.0 -6.3 1,519 <0.001

SD, standard deviation; df, degree of freedom; ref., reference

1) Category of low incudes household income <2.5 if headcount in a household was three or less and <5.0 if headcount in a household was
four or more. Category of middle incudes household income 2.5-5.0 if headcount in a household was one or two, 2.5-7.5 if three, and 5.0-
10.0 if four or more. Category of high incudes household income >5.0 if headcount in a household was one or two, >7.5 if three, and

>10.0 if four or more.

2) Rented house, temporary house, disaster restoration house or acquaintance's or relative's house
3) Leave of absence, student, full-time housewife or seeking employment

4) Correspond to any of the following: 1. Harm to oneself, 2. Harm to or death of family members, 3. Loss of job or temporary absence

from work, or 4. House damage or loss of property

5) Correspond to any of the following: 1. Deterioration of family relationships, or 2. Family separation

6) nuclear power plant
7) Lubben Social Network Scale -6



Table 5. The relationships of socio-demographic, disaster-related, and social network characteristics and radiation anxiety with physical

symptoms (the total score of the 10 items > 19) (n=1,521).

Physical symptoms

Low High
n/mean % /SD n/mean % /SD It df p
Socio-demographic characteristics
Sex
Men 570 51.6 159 38.1 22.1 1 <0.001
Women 534 48.4 258 61.9
Age, years
20-39 534 48.4 213 51.1 27.0 2 <0.001
40-64 344 31.2 164 39.3
65+ 226 20.5 40 9.6
Education attainment
Junior high school 109 9.9 34 8.6 2.6 3 0.462
High school 536 48.6 220 52.8
Junior or technical college 264 23.9 97 23.3
University or graduate school 195 17.7 64 15.4
Level of household income adjusted by household size ¥
Low 437 39.6 153 36.7 2.6 1 0.275
Middle 503 45.6 209 50.1
High 164 14.9 55 13.2
Marital status
Married 680 61.6 265 63.6 0.5 1 0.483
Separated, divorced, bereaved, unmarried or unknown 424 38.4 152 36.5
No. of family members in a household
1 (oneself) 104 9.4 45 10.8 5.6 5 0.351
2 228 20.7 93 22.3
3 236 21.4 93 22.3
4 220 19.9 91 21.8
5 153 13.9 44 10.6
6 or more 163 14.8 51 12.2
Mean / SD (range: 1-6) 3.5 15 3.4 1.5 1.9 1519 0.059
Living arrangement
One's own house 922 83.5 311 74.6 15.7 1 <0.001
Other ? 182 16.5 106 25.4
Working status
Working (employed, self-employed or part-time) 808 73.2 332 79.6 6.7 1 0.010
Not working 2 296 26.8 85 20.4
Chronic disease
Have a chronic disease under treatment 225 20.4 86 20.6 0.0 1 0.916
None 879 79.6 331 79.4
Disaster-related experiences (ref. none)
Direct damage ¥ 322 29.2 159 38.1 11.2 0.001
Disaster-related family stress ® 60 5.4 63 15.1 38.1 <0.001
Fear or anxiety immediately after the NPP® accident
Mean / SD (score range: 1-5) 3.7 1.1 4.0 1.1 -4.7 1519 <0.001
Social network
Family and friend (LSNS-6 7)
Mean / SD (score range: 0-30) 15.0 5.9 13.7 6.1 4.0 1519 <0.001
Belong to some groups or organizations (ref. no) 803 72.7 207 64.8 9.3 1 0.002
Radiation anxiety
Mean / SD (score range: 7-28) 14.3 4.2 16.3 4.6 -8.1 1519 <0.001
Radiation anxiety for adverse health effects
Mean / SD (score range: 4-16) 9.6 2.9 10.9 2.9 -7.4 1519 <0.001

SD, standard deviation; df, degree of freedom; ref., reference

1) Category of low incudes household income <2.5 if headcount in a household was three or less and <5.0 if headcount in a household was
four or more. Category of middle incudes household income 2.5-5.0 if headcount in a household was one or two, 2.5-7.5 if three, and 5.0-
10.0 if four or more. Category of high incudes household income >5.0 if headcount in a household was one or two, >7.5 if three, and

>10.0 if four or more.

2) Rented house, temporary house, disaster restoration house or acquaintance's or relative's house
3) Leave of absence, student, full-time housewife or seeking employment
4) Correspond to any of the following: 1. Harm to oneself, 2. Harm to or death of family members, 3. Loss of job or temporary absence from

work, or 4. House damage or loss of property

5) Correspond to any of the following: 1. Deterioration of family relationships, or 2. Family separation

6) nuclear power plant
7) Lubben Social Network Scale -6



Table 6A. The association between individual-level characteristics and regional radiation levels with radiation anxiety applying multilevel linear regression analysis. (n=1,521)

Model 1 Model 2 Model 3
Coef. SE Coef. SE p Coef. SE p
Intercept 14.85 0.21 12.82 0.53 4.78 0.77
Compositional effect
Sex (ref. men) -0.41 0.20 0.046
Age (ref. 65+)
20-39 years old 1.20 0.36 0.001
40-64 years old 1.24 0.33 <0.001
Education attainment (ref. University or graduate school)
Junior high school 0.98 0.42 0.019
High school 0.70 0.28 0.011
Junior or technical college 0.62 0.31 0.048
Level of household income adjusted by household size (ref. High) R
Low 0.85 0.31 0.007
Middle 0.55 0.29 0.058
Marital status (ref. Separated, divorced, bereaved, unmarried or unknown)
Married 0.61 0.22 0.007
No. of family members in a household 0.10 0.07 0.156
Living arrangement (ref. Other?)
One's own house -0.04 0.26 0.867
Working status (ref. Not workings))
Working (employed, self-employed or part-time) 0.03 0.24 0.907
Chronic disease (ref. none) 0.11 0.27 0.684
Effects by the Great East Japan Earthquake (ref. none)
Direct damage * 1.09 0.22 <0.001
Disaster-related family stress ® 184 0.36 <0.001
Fear or anxiety immediately after the NPP® accident 157 0.09 <0.001
Social network
Family and friend (LSNS-6 7) -0.02 0.02 0.163
Belong to some groups or organizations 0.04 0.23 0.846
Contextual effect
Air dose rate of radiation at the time of the survey 20.16 4.99 <0.001 12.62 3.79 0.001
Random parameters
Community level variance / Standard Error 1.60 0.44 1.05 0.33 0.46 0.18
Within group variance / Standard Error 17.75 0.65 17.76 0.65 13.51 0.50
Intra-class correlation: ICC 0.08 0.06 0.03
Proportional changes in variance: PCV (compared to null model) 0.34 0.71

Coef., coefficient; Cl, confidence interval, SE, standard error; ref., reference

1) Category of low incudes household income <2.5 if headcount in a household was three or less and <5.0 if headcount in a household was four or more. Category of middle
incudes household income 2.5-5.0 if headcount in a household was one or two, 2.5-7.5 if three, and 5.0-10.0 if four or more. Category of high incudes household income >5.0 if
headcount in a household was one or two, >7.5 if three, and >10.0 if four or more.

2) Rented house, temporary house, disaster restoration house or acquaintance's or relative's house

3) Leave of absence, student, full-time housewife or seeking employment

4) Correspond to any of the following: 1. Harm to oneself, 2. Harm to or death of family members, 3. Loss of job or temporary absence from work, or 4. House damage or loss of
property

5) Correspond to any of the following: 1. Deterioration of family relationships, or 2. Family separation

6) nuclear power plant

7) Lubben Social Network Scale -6



Table 6B. The association between individual-level characteristics and regional radiation levels with radiation anxiety applying multilevel linear regression analysis with the respondents who had not moved or evacuated after the accident. (n=1,269)

Model 1 Model 2A Model 2B Model 3A Model 3B
Coef. SE Coef. SE p Coef. SE p Coef. SE p Coef. SE p
Intercept 14.59 0.20 12.98 0.52 14.03 0.29 477 0.82 5.54 0.75
Compositional effect
Sex (ref. men) -0.41 0.22 0.064 -0.41 0.22 0.064
Age (ref. 65+)
20-39 years old 1.24 0.38 0.001 1.25 0.38 0.001
40-64 years old 1.03 0.34 0.002 1.03 0.34 0.002
Education attainment (ref. University or graduate school)
Junior high school 0.87 0.45 0.051 0.84 0.45 0.059
High school 0.48 0.31 0.120 0.46 0.31 0.130
Junior or technical college 0.37 0.35 0.289 0.36 0.35 0.292
Level of household income adjusted by household size (ref. High) ¥
Low 1.08 0.33 0.001 1.08 0.33 0.001
Middle 0.62 0.31 0.045 0.62 0.31 0.047
Marital status (ref. Separated, divorced, bereaved, unmarried or unknown)
Married 0.73 0.24 0.003 0.74 0.24 0.002
No. of family members in a household 0.09 0.07 0.237 0.08 0.07 0.255
Living arrangement (ref. Other?)
One's own house -0.05 0.29 0.866 -0.04 0.29 0.881
Working status (ref. Not working®)
Working (employed, self-employed or part-time) 0.13 0.25 0.607 0.13 0.26 0.619
Chronic disease (ref. none) 0.16 0.29 0.583 0.16 0.29 0.586
Effects by the Great East Japan Earthquake (ref. none)
Direct damage ¥ 1.26 0.24 <0.001 1.28 0.24 <0.001
Disaster-related family stress ¥ 1.87 0.53 <0.001 184 0.53 0.001
Fear or anxiety immediately after the NPP® accident 1.55 0.10 <0.001 1.55 0.10 <0.001
Social network
Family and friend (LSNS-6 7 -0.01 0.02 0.498 -0.01 0.02 0.496
Belong to some groups or organizations -0.01 0.25 0.983 -0.02 0.25 0.937
Contextual effect
Air dose rate of radiation at the time of the survey 16.34 4.97 0.001 11.39 3.90 0.004
Air dose rate of radiation soon after the Great East Japan Earthquake 1.04 0.42 0.013 0.69 0.33 0.036
Random parameters
Community level variance / Standard Error 117 0.37 0.82 0.30 0.95 0.33 0.37 0.18 0.44 0.19
Within group variance / Standard Error 17.08 0.69 17.09 0.69 17.09 0.69 13.03 0.53 13.03 0.53
Intra-class correlation: ICC 0.06 0.05 0.05 0.03 0.03
Proportional changes in variance: PCV (compared to null model) 0.30 0.19 0.68 0.62

Coef., coefficient; Cl, confidence interval; SE, standard error; ref., reference

1) Category of low incudes household income <2.5 if headcount in a household was three or less and <5.0 if headcount in a household was four or more. Category of middle incudes household income 2.5-5.0 if headcount in a household was one or two,
2.5-7.5 if three, and 5.0-10.0 if four or more. Category of high incudes household income >5.0 if headcount in a household was one or two, >7.5 if three, and >10.0 if four or more.

Rented house, temporary house, disaster restoration house or acquaintance's or relative's house

3) Leave of absence, student, full-time housewife or seeking employment

4) Correspond to any of the following: 1. Harm to oneself, 2. Harm to or death of family members, 3. Loss of job or temporary absence from work, or 4. House damage or loss of property

Correspond to any of the following: 1. Deterioration of family relationships, or 2. Family separation

6) nuclear power plant

7) Lubben Social Network Scale -6
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Table 7A. The association between individual-level characteristics and regional radiation levels with psychological distress (K6 > 5) applying multilevel logistic regression analysis. (n=1,521)

Model 1 Model 2 Model 3 Model 4
OR 95%Cl OR 95%Cl OR 95%Cl OR 95%ClI
Intercept 0.40 0.35 0.47 0.23 0.15 0.34 0.38 0.15 0.95 0.22 0.09 0.57
Compositional effect
Sex (ref. men) 1.35 1.05 1.75 1.44 111 1.88
Age (ref. 65+)
20-39 years old 1.64 1.02 2.64 1.45 0.89 2.35
40-64 years old 1.45 0.94 2.24 1.28 0.82 1.99
Education attainment (ref. University or graduate school)
Junior high school 1.22 0.71 2.08 1.10 0.63 1.90
High school 124 0.87 177 1.16 0.81 1.66
Junior or technical college 114 0.76 1.69 1.07 0.71 1.60
Level of household income adjusted by household size (ref. High) ¥
Low 0.99 0.66 1.47 0.89 0.59 1.33
Middle 1.02 0.70 1.49 0.95 0.65 1.38
Marital status (ref. Separated, divorced, bereaved, unmarried or unknown)
Married 0.74 0.56 0.97 0.68 0.51 0.90
No. of family members in a household 0.99 0.91 1.08 0.98 0.89 1.07
Living arrangement (ref. Other?)
One's own house 0.71 0.52 0.97 0.71 0.52 0.98
Work (ref. Not working®)
Working (employed, self-employed or part-time) 0.97 0.72 131 0.97 0.71 131
Chronic disease (ref. none) 1.38 0.97 1.95 137 0.96 1.96
Effects by the Great East Japan Earthquake (ref. none)
Direct damage 4 1.83 1.40 2.38 1.64 1.25 2.15
Disaster-related family stress * 175 115 2.65 142 0.93 218
Fear or anxiety immediately after the NPP® accident 127 1.13 143 1.07 0.94 121
Social network
Family and friend (LSNS-6 7)) 0.90 0.88 0.92 0.90 0.88 0.92
Belong to some groups or organizations 0.82 0.62 1.08 0.80 0.61 1.07
Radiation anxiety 112 1.08 1.16
Contextual effect

Air dose rate of radiation at the time of the survey 313.31 6.60 14875.87 8.52 023 32118 2.66 0.06  115.46
Random parameters

Community level variance / Standard Error 0.15 0.06 0.10 0.05 0.03 0.04 0.04 0.05

OR, odds ratio; ClI, confidence interval; ref., reference

1) Category of low incudes household income <2.5 if headcount in a household was three or less and <5.0 if headcount in a household was four or more. Category of middle incudes household income 2.5-5.0 if
headcount in a household was one or two, 2.5-7.5 if three, and 5.0-10.0 if four or more. Category of high incudes household income >5.0 if headcount in a household was one or two, >7.5 if three, and >10.0 if four or

more.
2) Rented house, temporary house, disaster restoration house or acquaintance's or relative's house
3) Leave of absence, student, full-time housewife or seeking employment

4) Correspond to any of the following: 1. Harm to oneself, 2. Harm to or death of family members, 3. Loss of job or temporary absence from work, or 4. House damage or loss of property

5) Correspond to any of the following: 1. Deterioration of family relationships, or 2. Family separation
6) nuclear power plant
7) Lubben Social Network Scale -6



Table 7B. The association between individual-level characteristics and regional radiation levels with psychological distress (K6 > 5) applying multilevel logistic regression analysis with the respondents who had not moved or evacuated after the accident. (n=1,269)

Model 1 Model 2A Model 2B Model 3A Model 3B Model 4A Model 4B
OR 95%ClI OR 95%ClI OR 95%ClI OR 95%ClI OR 95%CI OR 95%ClI OR 95%ClI
Intercept 040 034 048 023 014 038 032 025 042 043 015 120 050 019 130 025 0.09 073 028 010 0.75
Compositional effect
Sex (ref. men) 132 0.9 176 132 099 176 140 1.04 187 140 104 187
Age (ref. 65+)
20-39 years old 174 103 293 175 104 294 151 0.89 257 152 089 258
40-64 years old 127 0.79 203 127 079 203 113 0.70 183 113 070 183
Education attainment (ref. University or graduate school)
Junior high school 112 062 203 112 062 203 1.02 0.56 187 102 056 1.87
High school 115 0.77 172 115 077 172 109 0.72 164 109 072 164
Junior or technical college 1.04 0.67 164 105 067 164 101 064 159 101 064 159
Level of household income adjusted by household size (ref. High) ¥
Low 091 059 141 091 059 140 080 051 124 079 051 124
Middle 1.00 0.66 151 100 066 150 0.92 0.60 139 092 060 1.39
Marital status (ref. Separated, divorced, bereaved, unmarried or unknown)
Married 0.80 0.58 109 080 058 109 073 0.53 101 073 053 101
No. of family members in a household 1.00 0091 110 100 091 110 099 0.9 1.09 099 090 109
Living arrangement (ref. Other?)
One's own house 0.70  0.49 100 070 049 100 070 049 1.02 071 049 102
Work (ref. Not working™)
Working (employed, self-employed or part-time) 097 0.70 136 097 070 135 095 0.68 133 095 068 133
Chronic disease (ref. none) 130 0.88 193 131 08 193 129 087 193 129 087 193
Effects by the Great East Japan Earthquake (ref. none)
Direct damage R 209 154 283 211 15 28 18 1.36 253 187 137 255
Disaster-related family stress 248 130 471 246 130 468 202 1.05 387 201 105 3.86
Fear or anxiety immediately after the NPP® accident 130 114 148 130 114 148 110 095 126 110 095 126
Social network
Family and friend (LSNS-6 7)) 090 0.88 092 09 08 092 09 087 092 090 087 0.92
Belong to some groups or organizations 0.74 0.54 100 073 054 100 073 053 1.00 072 053 099
Radiation anxiety 112 108 116 112 108 116
Contextual effect
Air dose rate of radiation at the time of the survey 264.61 2.48 28221.46 842 011 627.79 3.18 0.04 273.47
Air dose rate of radiation soon after the Great East Japan Earthquake 151 103 222 111 078 158 1.05 073 150
Random parameters
Community level variance / Standard Error 0.19 0.08 0.15 0.08 0.16 0.08 0.06 0.06 0.06 0.06 0.07 0.06 0.07 0.06

OR, odds ratio; ClI, confidence interval; ref., reference

1) Category of low incudes household income <2.5 if headcount in a household was three or less and <5.0 if headcount in a household was four or more. Category of middle incudes household income 2.5-5.0 if headcount in a household was one or two, 2.5-7.5 if three,

and 5.0-10.0 if four or more. Category of high incudes household income >5.0 if headcount in a household was one or two, >7.5 if three, and >10.0 if four or more.

2) Rented house, temporary house, disaster restoration house or acquaintance's or relative's house
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Leave of absence, student, full-time housewife or seeking employment
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Correspond to any of the following: 1. Deterioration of family relationships, or 2. Family separation
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nuclear power plant
Lubben Social Network Scale -6
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Correspond to any of the following: 1. Harm to oneself, 2. Harm to or death of family members, 3. Loss of job or temporary absence from work, or 4. House damage or loss of property



Table 8A. The association between individual-level characteristics and regional radiation levels with psychological distress (K6 > 13) applying multilevel logistic regression analysis (n=1,521).

Model 1 Model 2 Model 3 Model 4
OR 95%ClI OR 95%ClI OR 95%ClI OR 95%ClI
Intercept 0.05 0.03 0.06 0.02 0.01 0.05 0.01 0.00 0.13 0.01 0.00 0.10
Compositional effect
Sex (ref. men) 1.85 1.05 3.28 1.89 1.07 3.35
Age (ref. 65+)
20-39 years old 9.23 2.24 38.02 8.31 2.02 34.16
40-64 years old 6.11 1.58 23.63 5.47 141 21.28
Education attainment (ref. University or graduate school)
Junior high school 3.27 1.21 8.88 3.12 1.14 8.56
High school 0.98 0.47 2.07 0.97 0.46 2.04
Junior or technical college 0.63 0.26 1.56 0.62 0.25 1.53
Level of household income adjusted by household size (ref. High) ¥
Low 1.09 0.42 2.82 1.01 0.39 2.62
Middle 1.43 0.58 3.57 1.36 0.55 3.40
Marital status (ref. Separated, divorced, bereaved, unmarried or unknown)
Married 0.77 0.43 141 0.75 0.41 1.36
No. of family members in a household 0.99 0.81 1.21 0.99 0.81 121
Living arrangement (ref. Other®)
One's own house 0.81 0.43 1.49 0.83 0.45 1.55
Work (ref. Not working®)
Working (employed, self-employed or part-time) 0.79 0.44 1.44 0.78 0.43 1.42
Chronic disease (ref. none) 1.88 0.90 3.90 1.81 0.86 3.79
Effects by the Great East Japan Earthquake (ref. none)
Direct damaqe 4) 1.43 0.82 2.49 1.33 0.76 2.35
Disaster-related family stress ¥ 2.14 1.06 4.34 1.93 0.94 3.97
Fear or anxiety immediately after the NPP® accident 1.29 101 1.65 119 0.92 155
Social network
Family and friend (LSNS-6 7) 0.83 0.78 0.87 0.83 0.78 0.87
Belong to some groups or organizations 0.67 0.38 1.19 0.68 0.39 121
Radiation anxiety 1.06 0.99 1.13
Contextual effect

Air dose rate of radiation at the time of the survey 526.65 0.94  294344.40 22.31 0.02  22789.26 15.52 0.01 1747394
Random parameters

Community level variance / Standard Error 0.13 0.18 0.04 0.16 0.00 0.00 0.00 0.00

OR, odds ratio; Cl, confidence interval; ref., reference

1) Category of low incudes household income <2.5 if headcount in a household was three or less and <5.0 if headcount in a household was four or more. Category of middle incudes household income 2.5-5.0 if headcount in a
household was one or two, 2.5-7.5 if three, and 5.0-10.0 if four or more. Category of high incudes household income >5.0 if headcount in a household was one or two, >7.5 if three, and >10.0 if four or more.

2) Rented house, temporary house, disaster restoration house or acquaintance's or relative's house

3) Leave of absence, student, full-time housewife or seeking employment

4) Correspond to any of the following: 1. Harm to oneself, 2. Harm to or death of family members, 3. Loss of job or temporary absence from work, or 4. House damage or loss of property

5) Correspond to any of the following: 1. Deterioration of family relationships, or 2. Family separation

6) nuclear power plant

7) Lubben Social Network Scale -6



Table 8B. The association between individual-level characteristics and regional radiation levels with psychological distress (K6 > 13) applying multilevel logistic regression analysis with the respondents who had not moved or evacuated after the accident. (n=1,269)

Model 1 Model 2A Model 2B Model 3A Model 3B Model 4A Model 4B
OR 95%Cl OR 95%Cl OR 95%Cl OR 95%Cl OR 95%ClI OR 95%Cl OR 95%Cl
Intercept 0.04 003 0.06 0.02 0.01 0.05 003 002 005 002 0.00 022 002 000 026 001 0.00 0.15 002 0.00 017
Compositional effect
Sex (ref. men) 262 134 513 260 133 509 275 140 542 273 139 538
Age (ref. 65+)
20-39 years old 6.27 139 2827 611 136 2750 565 1.26 2534 550 123 24.65
40-64 years old 514 1.26 21.04 506 124 2066 474 116 1947 467 114 19.14
Education attainment (ref. University or graduate school)
Junior high school 319 104 972 311 1.02 947 29% 096 915 290 094 893
High school 0.76 031 189 076 031 187 073 029 182 073 029 1.80
Junior or technical college 055 0.19 157 054 019 15 052 018 151 052 018 151
Level of household income adjusted by household size (ref. High) ¥
Low 1.70 051 572 170 050 570 148 044 505 147 043 5.00
Middle 211 0.65 690 211 064 691 19 0.60 643 195 060 6.40
Marital status (ref. Separated, divorced, bereaved, unmarried or unknown)
Married 1.00 0.50 201 100 050 201 095 047 191 095 047 191
No. of family members in a household 090 071 114 09 071 114 09 071 114 090 071 114
Living arrangement (ref. Other?)
One's own house 073 035 151 073 035 151 076 0.36 158 076 036 159
Work (ref. Not working®)
Working (employed, self-employed or part-time) 071 037 139 072 037 139 066 034 129 066 034 130
Chronic disease (ref. none) 145 0.61 343 144 061 340 136 057 327 135 056 324
Effects by the Great East Japan Earthquake (ref. none)
Direct damage 4 192 101 364 193 102 366 174 0091 333 174 090 334
Disaster-related family stress ¥ 275 1.05 716 269 103 703 250 0.9 6.58 245 0.93 6.46
Fear or anxiety immediately after the NPP® accident 1.33 1.00 177 134 100 178 120 0.89 163 120 089 1.63
Social network
Family and friend (LSNS-6 7) 082 077 087 08 077 087 08 0.77 0.87 082 077 0.87
Belong to some groups or organizations 044 022 086 043 022 084 044 022 087 043 022 0386
Radiation anxiety 1.08 1.00 116 108 100 116
Contextual effect
Air dose rate of radiation at the time of the survey 972.65 0.70 1357750.00 62.78  0.02 219230.00 4494  0.01 185140.50
Air dose rate of radiation soon after the Great East Japan Earthquake 187 106 329 135 071 256 133 070 254
Random parameters
Community level variance / Standard Error 0.09 022 0.04 022 0.03 022 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

OR, odds ratio; Cl, confidence interval; ref., reference

1) Category of low incudes household income <2.5 if headcount in a household was three or less and <5.0 if headcount in a household was four or more. Category of middle incudes household income 2.5-5.0 if headcount in a household was one or two, 2.5-7.5 if three,
and 5.0-10.0 if four or more. Category of high incudes household income >5.0 if headcount in a household was one or two, >7.5 if three, and >10.0 if four or more.
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Correspond to any of the following: 1. Harm to oneself, 2. Harm to or death of family members, 3. Loss of job or temporary absence from work, or 4. House damage or loss of property
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Correspond to any of the following: 1. Deterioration of family relationships, or 2. Family separation
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Table 9A. The association between individual-level characteristics and regional radiation levels with posttraumatic stress symptoms applying multilevel logistic regression analysis. (n=1,521)

Model 1 Model 2 Model 3 Model 4
OR 95%Cl OR 95%ClI OR 95%Cl OR 95%Cl
Intercept 0.04 0.02 0.05 0.01 0.01 0.03 0.00 0.00 0.02 0.00 0.00 0.01
Compositional effect
Sex (ref. men) 1.05 0.58 1.89 114 0.62 2.08
Age (ref. 65+)
20-39 years old 1.14 0.39 331 0.80 0.27 2.36
40-64 years old 0.94 0.35 2.51 0.67 0.24 1.84
Education attainment (ref. University or graduate school)
Junior high school 7.51 1.74 32.39 6.59 1.47 29.50
High school 5.13 1.49 17.70 453 1.29 15.93
Junior or technical college 3.89 1.03 14.76 3.62 0.93 14.03
Level of household income adjusted by household size (ref. High) »
Low 0.89 0.34 2.35 0.74 0.27 2.06
Middle 1.27 0.51 3.16 1.08 0.42 2.78
Marital status (ref. Separated, divorced, bereaved, unmarried or unknown)
Married 0.73 0.39 1.37 0.62 0.32 1.19
No. of family members in a household 0.79 0.64 0.98 0.78 0.62 0.97
Living arrangement (ref. Other®)
One's own house 0.84 0.42 1.66 0.83 0.40 1.69
Work (ref. Not working®)
Working (employed, self-employed or part-time) 0.83 0.43 1.61 0.81 0.41 1.59
Chronic disease (ref. none) 0.94 0.43 2.09 0.85 0.37 1.93
Effects by the Great East Japan Earthquake (ref. none)
Direct damage 4 2.83 1.59 5.05 2.18 1.20 3.99
Disaster-related family stress 9 3.48 1.78 6.78 251 1.25 5.05
Fear or anxiety immediately after the NPP® accident 1.95 141 2.68 1.48 1.06 2.08
Social network
Family and friend (LSNS-6 7) 0.94 0.89 0.99 0.94 0.89 0.99
Belong to some groups or organizations 0.59 0.32 1.09 0.62 0.33 117
Radiation anxiety 1.20 111 1.29
Contextual effect
Air dose rate of radiation at the time of the survey 16045.22 10.09  25500000.00 35.32 0.02 57934.27 16.80 0.01 38318.32
Random parameters
Community level variance / Standard Error 0.36 0.27 0.19 0.22 0.00 0.00 0.00 0.00

OR, odds ratio; CI, confidence interval; ref., reference

1) Category of low incudes household income <2.5 if headcount in a household was three or less and <5.0 if headcount in a household was four or more. Category of middle incudes household income 2.5-5.0 if headcount in a

household was one or two, 2.5-7.5 if three, and 5.0-10.0 if four or more. Category of high incudes household income >5.0 if headcount in a household was one or two, >7.5 if three, and >10.0 if four or more.

2) Rented house, temporary house, disaster restoration house or acquaintance's or relative's house

3) Leave of absence, student, full-time housewife or seeking employment

4) Correspond to any of the following: 1. Harm to oneself, 2. Harm to or death of family members, 3. Loss of job or temporary absence from work, or 4. House damage or loss of property
5) Correspond to any of the following: 1. Deterioration of family relationships, or 2. Family separation

6) nuclear power plant
7) Lubben Social Network Scale -6



Table 9B. The association between individual-level characteristics and regional radiation levels with posttraumatic stress symptoms applying multilevel logistic regression analysis with the respondents who had not moved or evacuated after the accident. (n=1,269)

Model 1 Model 2A Model 2B Model 3A Model 3B Model 4A Model 4B
OR  95%ClI OR 95%ClI OR  95%CI OR 95%ClI OR  95%ClI OR OR  95%ClI
Intercept 0.03 0.02 0.05 0.01 0.00 004 0.02 001 004 001 0.00 009 001 000 0.11 0.00 0.00 0.04 0.00 0.00 0.05
Compositional effect
Sex (ref. men) 1.44 0.70 294 145 071 297 148 072 305 149 072 308
Age (ref. 65+)
20-39 years old 094 0.27 335 097 027 342 067 018 245 067 018 246
40-64 years old 0.67 0.22 206 068 022 210 049 015 158 049 015 159
Education attainment (ref. University or graduate school)
Junior high school 386 0.85 1759 385 0.85 1756 334 0.69 16.09 331 0.69 15.90
High school 197 054 720 198 054 723 175 047 6.52 174 047 6.51
Junior or technical college 248 0.63 9.76 246 063 9.69 251 062 10.12 250 0.62 10.08
Level of household income adjusted by household size (ref. High) ¥
Low 077 0.24 244 075 024 240 055 0.16 183 054 016 179
Middle 124 043 361 122 042 35 09 032 284 094 032 279
Marital status (ref. Separated, divorced, bereaved, unmarried or unknown)
Married 073 034 158 073 034 158 058 0.26 129 058 026 130
No. of family members in a household 0.62 0.47 082 061 046 081 059 044 080 059 044 079
Living arrangement (ref. Other?)
One's own house 116 0.48 282 119 049 287 118 047 297 119 047 301
Work (ref. Not working®)
Working (employed, self-employed or part-time) 117 052 261 116 052 259 112 049 254 111 049 252
Chronic disease (ref. none) 110 042 285 110 043 285 107 040 285 107 040 284
Effects by the Great East Japan Earthquake (ref. none)
Direct damage ¥ 363 181 728 376 188 755 285 138 587 292 141 6.03
Disaster-related family stress * 881 3.65 21.24 873 362 2105 696 280 17.31 690 278 17.15
Fear or anxiety immediately after the NPP® accident 183 128 263 183 128 263 140 0.95 205 140 095 205
Social network
Family and friend (LSNS-6 7) 0.93 0.88 099 093 08 099 093 088 099 093 088 099
Belong to some groups or organizations 052 0.25 1.09 052 025 108 051 024 110 051 024 109
Radiation anxiety 120 1.10 130 120 110 130
Contextual effect
Air dose rate of radiation at the time of the survey 16066.37 2.24  115000000.00 4515 0.00 517955.70 1586 0.00 268637.40
Air dose rate of radiation soon after the Great East Japan Earthquake 205 101 415 114 055 235 111 052 234
Random parameters
Community level variance / Standard Error 033 034 022 029 023 0.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

OR, odds ratio; Cl, confidence interval; ref., reference

1) Category of low incudes household income <2.5 if headcount in a household was three or less and <5.0 if headcount in a household was four or more. Category of middle incudes household income 2.5-5.0 if headcount in a household was one or two, 2.5-7.5 if three, and 5.0-
10.0 if four or more. Category of high incudes household income >5.0 if headcount in a household was one or two, >7.5 if three, and >10.0 if four or more.

2) Rented house, temporary house, disaster restoration house or acquaintance's or relative's house

3) Leave of absence, student, full-time housewife or seeking employment

4) Correspond to any of the following: 1. Harm to oneself, 2. Harm to or death of family members, 3. Loss of job or temporary absence from work, or 4. House damage or loss of property

5) Correspond to any of the following: 1. Deterioration of family relationships, or 2. Family separation

6) nuclear power plant
7) Lubben Social Network Scale -6



Table 10A. The association between individual-level characteristics and regional radiation levels with physical symptoms (the total score of the 10 items > 19) applying multilevel logistic regression analysis. (n=1,521)

Model 1 Model 2 Model 3 Model 4
OR 95%ClI OR 95%Cl OR 95%Cl OR 95%ClI
Intercept 0.38 0.33 0.43 0.23 0.16 0.33 0.06 0.02 0.15 0.04 0.01 0.10
Compositional effect
Sex (ref. men) 1.82 1.41 2.35 191 1.47 2.48
Age (ref. 65+)
20-39 years old 2.37 1.44 3.89 213 129 351
40-64 years old 2.61 1.66 4.10 2.37 1.50 3.74
Education attainment (ref. University or graduate school)
Junior high school 1.52 0.89 2.61 1.40 0.81 2.42
High school 1.23 0.86 1.75 1.16 0.81 1.65
Junior or technical college 0.92 0.62 1.37 0.88 0.59 131
Level of household income adjusted by household size (ref. High) by
Low 1.05 0.71 1.57 0.98 0.65 147
Middle 1.33 0.92 1.93 1.27 0.88 1.85
Marital status (ref. Separated, divorced, bereaved, unmarried or unknown)
Married 1.23 0.93 1.62 117 0.89 1.56
No. of family members in a household 0.94 0.86 1.03 0.93 0.86 1.02
Living arrangement (ref. Other?)
One's own house 0.66 0.49 0.91 0.66 0.48 0.90
Work (ref. Not working™)
Working (employed, self-employed or part-time) 1.52 112 2.06 1.53 1.12 2.08
Chronic disease (ref. none) 1.58 112 2.23 1.56 1.10 221
Effects by the Great East Japan Earthquake (ref. none)
Direct damage ¥ 1.25 0.96 1.63 1.14 0.87 1.49
Disaster-related family stress 5 241 1.62 3.60 2.09 1.39 3.14
Fear or anxiety immediately after the NPP® accident 1.23 1.09 1.38 1.08 0.95 1.23
Social network
Family and friend (LSNS-6 ") 0.96 0.94 0.99 0.97 0.95 0.99
Belong to some groups or organizations 0.77 0.58 1.01 0.76 0.57 1.01
Radiation anxiety 1.08 1.05 1.12
Contextual effect
Air dose rate of radiation at the time of the survey 115.69 462 2895.20 10.69 0.39 293.41 4.56 0.16 131.51
Random parameters
Community level variance / Standard Error 0.06 0.04 0.02 0.04 0.00 0.00 0.00 0.00

OR, odds ratio; Cl, confidence interval; ref., reference
Category of low incudes household income <2.5 if headcount in a household was three or less and <5.0 if headcount in a household was four or more. Category of middle incudes household income 2.5-5.0 if headcount in a
household was one or two, 2.5-7.5 if three, and 5.0-10.0 if four or more. Category of high incudes household income >5.0 if headcount in a household was one or two, >7.5 if three, and >10.0 if four or more.
Rented house, temporary house, disaster restoration house or acquaintance's or relative's house

]

2)
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5)
6)
7)

Leave of absence, student, full-time housewife or seeking employment

Correspond to any of the following: 1. Harm to oneself, 2. Harm to or death of family members, 3. Loss of job or temporary absence from work, or 4. House damage or loss of property
Correspond to any of the following: 1. Deterioration of family relationships, or 2. Family separation

nuclear power plant
Lubben Social Network Scale -6



Table 10B. The association between individual-level characteristics and regional radiation levels with physical symptoms (the total score of the 10 items > 19) applying multilevel logistic regression analysis with the respondents who had not moved or

evacuated after the accident. (n=1,269)

Model 1 Model 2A Model 2B Model 3A Model 3B Model 4A Model 4B
OR 95%Cl OR 95%Cl OR 95%Cl OR 95%Cl OR 95%Cl OR 95%Cl OR 95%Cl
Intercept 034 030 040 023 0.16 034 028 023 035 005 0.02 0.15 006 002 016 004 0.01 0.12 004 002 0.12
Compositional effect
Sex (ref. men) 195 146 260 195 146 260 200 150 268 200 150 268
Age (ref. 65+)
20-39 years old 252 144 441 250 143 438 234 134 410 232 132 407
40-64 years old 2.62 159 431 262 159 432 248 150 409 248 150 4.09
Education attainment (ref. University or graduate school)
Junior high school 125 0.68 229 124 068 227 119 0.65 219 118 064 218
High school 112 0.75 169 112 074 168 109 0.72 164 108 072 164
Junior or technical college 0.85 054 134 08 054 134 083 053 132 083 053 132
Level of household income adjusted by household size (ref. High) ¥
Low 1.07 0.68 168 1.07 068 1.68 100 0.64 158 101 0.64 1.59
Middle 143 0.95 218 143 094 217 138 091 210 138 091 210
Marital status (ref. Separated, divorced, bereaved, unmarried or unknown)
Married 131 095 180 132 09 181 127 092 174 127 092 175
No. of family members in a household 0.93 084 103 093 084 103 093 084 1.02 093 084 1.02
Living arrangement (ref. Other?)
One's own house 0.69 0.48 098 069 048 098 0.69 048 098 069 048 098
Work (ref. Not working®)
Working (employed, self-employed or part-time) 152 1.07 214 151 107 214 151 107 213 151 107 213
Chronic disease (ref. none) 170 116 251 171 116 252 168 114 248 168 114 248
Effects by the Great East Japan Earthquake (ref. none)
Direct damage * 122 0.90 165 120 089 163 113 0.83 154 111 081 152
Disaster-related family stress ® 397 213 741 397 213 741 360 192 677 360 191 678
Fear or anxiety immediately after the NPP® accident 125 110 142 125 110 143 115 1.00 132 115 100 1.33
Social network
Family and friend (LSNS-6 ) 0.96 094 099 096 094 099 09 094 099 096 094 0.99
Belong to some groups or organizations 0.67 0.49 092 067 049 092 0.67 048 091 066 048 0091
Radiation anxiety 1.06 1.02 110 1.06 102 110
Contextual effect
Air dose rate of radiation at the time of the survey 6333 155  2591.92 13.77 030 642.29 813 017 391.85
Air dose rate of radiation soon after the Great East Japan Earthquake 147 110 198 132 097 180 128 093 175
Random parameters
Community level variance / Standard Error 0.04 0.05 0.02 0.05 0.02 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

OR, odds ratio; Cl, confidence interval; ref., reference
Category of low incudes household income <2.5 if headcount in a household was three or less and <5.0 if headcount in a household was four or more. Category of middle incudes household income 2.5-5.0 if headcount in a household was one or two,
2.5-7.5 if three, and 5.0-10.0 if four or more. Category of high incudes household income >5.0 if headcount in a household was one or two, >7.5 if three, and >10.0 if four or more.
Rented house, temporary house, disaster restoration house or acquaintance's or relative's house
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Leave of absence, student, full-time housewife or seeking employment

Correspond to any of the following: 1. Harm to oneself, 2. Harm to or death of family members, 3. Loss of job or temporary absence from work, or 4. House damage or loss of property
Correspond to any of the following: 1. Deterioration of family relationships, or 2. Family separation

nuclear power plant
Lubben Social Network Scale -6



Table 11A. The association between individual-level characteristics and regional radiation levels with physical symptoms (the total score of the 10 items > 23) applying multilevel logistic regression analysis (n=1,521).

Model 1 Model 2 Model 3 Model 4
OR 95%ClI OR 95%Cl OR 95%Cl OR 95%ClI
Intercept 0.11 0.09 0.13 0.10 0.06 0.16 0.03 0.01 0.13 0.02 0.01 0.09
Compositional effect
Sex (ref. men) 2.15 1.46 3.17 2.24 1.52 3.32
Age (ref. 65+)
20-39 years old 1.69 0.83 3.45 1.47 0.72 3.01
40-64 years old 221 1.16 4.23 1.94 1.01 3.74
Education attainment (ref. University or graduate school)
Junior high school 3.73 1.79 7.79 3.39 1.61 7.13
High school 1.34 0.76 2.34 1.25 0.71 221
Junior or technical college 1.01 0.54 1.89 0.96 0.51 1.80
Level of household income adjusted by household size (ref. High) 2
Low 1.05 0.57 1.92 0.96 0.52 1.78
Middle 1.32 0.74 2.33 1.25 0.70 2.23
Marital status (ref. Separated, divorced, bereaved, unmarried or unknown)
Married 1.15 0.76 1.73 1.10 0.73 1.66
No. of family members in a household 1.03 0.90 1.17 1.02 0.90 1.16
Living arrangement (ref. Other?)
One's own house 0.66 0.43 1.03 0.66 0.42 1.03
Work (ref. Not working®)
Working (employed, self-employed or part-time) 1.28 0.83 1.99 127 0.82 1.97
Chronic disease (ref. none) 1.79 112 2.85 177 1.10 2.83
Effects by the Great East Japan Earthquake (ref. none)
Direct damage 4 1.30 0.89 1.90 1.16 0.78 1.71
Disaster-related family stress * 2.80 170 4.60 2.34 1.40 3.89
Fear or anxiety immediately after the NPP® accident 1.20 1.02 1.43 1.05 0.88 1.27
Social network
Family and friend (LSNS-6 7) 0.95 0.92 0.98 0.95 0.92 0.98
Belong to some groups or organizations 0.46 0.31 0.69 0.46 0.31 0.68
Radiation anxiety 1.09 1.04 1.14
Contextual effect
Air dose rate of radiation at the time of the survey 4.66 0.04 582.34 0.28 0.00 41.31 0.13 0.00 21.18
Random parameters
Community level variance / Standard Error 0.06 0.08 0.05 0.08 0.01 0.08 0.01 0.08

OR, odds ratio; CI, confidence interval; ref., reference
Category of low incudes household income <2.5 if headcount in a household was three or less and <5.0 if headcount in a household was four or more. Category of middle incudes household income 2.5-5.0 if headcount in a

0]

?)
3
4)
5)
6)
7)

household was one or two, 2.5-7.5 if three, and 5.0-10.0 if four or more. Category of high incudes household income >5.0 if headcount in a household was one or two, >7.5 if three, and >10.0 if four or more.

Rented house, temporary house, disaster restoration house or acquaintance's or relative's house

Leave of absence, student, full-time housewife or seeking employment

Correspond to any of the following: 1. Harm to oneself, 2. Harm to or death of family members, 3. Loss of job or temporary absence from work, or 4. House damage or loss of property
Correspond to any of the following: 1. Deterioration of family relationships, or 2. Family separation

nuclear power plant
Lubben Social Network Scale -6



Table 11B. The association between individual-level characteristics and regional radiation levels with physical symptoms (the total score of the 10 items > 23) applying multilevel logistic regression analysis with the respondents who had not moved or

evacuated after the accident. (n=1,269)

Model 1 Model 2A Model 2B Model 3A Model 3B Model 4A Model 4B
OR  95%CI OR 95%ClI OR  95%CI OR 95%ClI OR  95%ClI OR 95%ClI OR  95%ClI
Intercept 010 008 0.12 008 0.04 014 009 0.06 012 0.02 0.00 0.10 002 0.00 009 0.01 0.00 0.07 0.01 0.00 0.06
Compositional effect
Sex (ref. men) 235 149 370 235 149 370 245 155 388 245 155 387
Age (ref. 65+)
20-39 years old 177 077 405 176 077 4.04 158 0.68 365 157 068 3.64
40-64 years old 225 1.08 466 224 108 466 206 0.99 432 207 099 432
Education attainment (ref. University or graduate school)
Junior high school 453 184 1118 453 1.83 1117 428 172 10.62 4.28 1.73 10.63
High school 172 0.82 361 172 082 360 165 0.79 347 165 079 347
Junior or technical college 127 057 284 127 057 284 125 056 281 126 056 282
Level of household income adjusted by household size (ref. High) ¥
Low 110 0.53 228 110 053 228 0.99 047 206 099 048 207
Middle 142 071 282 142 071 282 133 067 266 134 0.67 267
Marital status (ref. Separated, divorced, bereaved, unmarried or unknown)
Married 1.06 0.66 171 106 066 171 100 0.62 162 100 062 162
No. of family members in a household 097 084 113 097 084 113 097 083 112 097 083 112
Living arrangement (ref. Other?)
One's own house 058 0.34 0.98 058 0.34 097 058 034 098 058 034 098
Work (ref. Not working™)
Working (employed, self-employed or part-time) 140 0.84 233 140 084 233 136 082 226 136 081 226
Chronic disease (ref. none) 246 143 421 245 143 421 243 141 419 242 140 4.18
Effects by the Great East Japan Earthquake (ref. none)
Direct damage ¥ 143 091 223 142 091 222 126 080 200 125 0.79 198
Disaster-related family stress * 367 179 753 366 178 752 320 154 6.63 320 155 6.64
Fear or anxiety immediately after the NPP® accident 1.30 1.07 159 130 107 159 117 095 144 117 09 144
Social network
Family and friend (LSNS-6 ") 0.95 091 098 095 091 098 095 091 098 095 091 098
Belong to some groups or organizations 035 022 057 035 022 057 035 022 056 035 022 0.56
Radiation anxiety 1.08 1.03 114 108 103 114
Contextual effect
Air dose rate of radiation at the time of the survey 16.61 0.05 5146.13 114 0.00 449.44 0.64 0.00 284.64
Air dose rate of radiation soon after the Great East Japan Earthquake 132 083 209 1.05 065 170 1.02 062 1.66
Random parameters
Community level variance / Standard Error 0.08 0.11 0.08 0.11 0.08 0.11 0.03 011 0.03 0.12 0.03 0.12 0.03 0.12

OR, odds ratio; CI, confidence interval; ref., reference
Category of low incudes household income <2.5 if headcount in a household was three or less and <5.0 if headcount in a household was four or more. Category of middle incudes household income 2.5-5.0 if headcount in a household was one or two,
2.5-7.5if three, and 5.0-10.0 if four or more. Category of high incudes household income >5.0 if headcount in a household was one or two, >7.5 if three, and >10.0 if four or more.
Rented house, temporary house, disaster restoration house or acquaintance's or relative's house

)

2)
3
4
5)
6)
7

Leave of absence, student, full-time housewife or seeking employment

Correspond to any of the following: 1. Harm to oneself, 2. Harm to or death of family members, 3. Loss of job or temporary absence from work, or 4. House damage or loss of property
Correspond to any of the following: 1. Deterioration of family relationships, or 2. Family separation

nuclear power plant
Lubben Social Network Scale -6



Table 12A. The association between individual-level characteristics and regional radiation levels with physical symptoms (continuous variable) applying multilevel linear regression analysis (n=1,521).

Model 1 Model 2 Model 3 Model 4
Coef. SE Coef. SE p Coef. SE p Coef. SE p
Intercept 16.02 0.15 12.10 3.62 12.44 0.86 11.61 0.86
Compositional effect
Sex (ref. men) 1.59 0.25 <0.001 1.67 0.24 <0.001
Age (ref. 65+)
20-39 years old 1.43 0.43 0.001 1.18 0.43 0.006
40-64 years old 1.54 0.39 <0.001 1.30 0.39 0.001
Education attainment (ref. University or graduate school)
Junior high school 1.13 0.50 0.024 0.94 0.50 0.058
High school 0.40 0.33 0.235 0.26 0.33 0.425
Junior or technical college 0.17 0.38 0.660 0.06 0.37 0.882
Level of household income adjusted by household size (ref. High)
Low -0.22 0.37 0.549 -0.37 0.37 0.313
Middle 0.31 0.35 0.368 0.21 0.35 0.537
Marital status (ref. Separated, divorced, bereaved, unmarried or unknown)
Married 0.58 0.27 0.032 0.47 0.27 0.081
No. of family members in a household -0.09 0.08 0.266 -0.11 0.08 0.173
Living arrangement (ref. Other?)
One's own house -1.01 0.31 0.001 -1.01 0.31 0.001
Working status (ref. Not working®)
Working (employed, self-employed or part-time) 0.96 0.29 0.001 0.96 0.28 0.001
Chronic disease (ref. none) 1.00 0.33 0.003 0.96 0.33 0.003
Effects by the Great East Japan Earthquake (ref. none)
Direct damage 4) 0.78 0.26 0.003 0.56 0.26 0.031
Disaster-related family stress * 2.22 0.43 <0.001 1.86 0.43 <0.001
Fear or anxiety immediately after the NPP® accident 0.59 0.11 <0.001 0.30 0.12 0.011
Social network
Family and friend (LSNS-6 ) -0.11 0.02 <0.001 -0.11 0.02 <0.001
Belong to some groups or organizations -0.67 0.28 0.015 -0.68 0.27 0.013
Radiation anxiety 0.18 0.03 <0.001
Contextual effect
Air dose rate of radiation at the time of the survey 12.10 3.62 0.001 4.66 3.27 0.154 231 3.25 0.477
Random parameters
Community level variance / Standard Error 0.33 0.22 0.11 0.18 0.00 0.00 0.00 0.00

Coef., coefficient; CI, confidence interval; SE, standard error; ref., reference

1) Category of low incudes household income <2.5 if headcount in a household was three or less and <5.0 if headcount in a household was four or more. Category of middle incudes household income 2.5-5.0 if headcount in

a household was one or two, 2.5-7.5 if three, and 5.0-10.0 if four or more. Category of high incudes household income >5.0 if headcount in a household was one or two, >7.5 if three, and >10.0 if four or more.

2) Rented house, temporary house, disaster restoration house or acquaintance's or relative's house
3) Leave of absence, student, full-time housewife or seeking employment

4) Correspond to any of the following: 1. Harm to oneself, 2. Harm to or death of family members, 3. Loss of job or temporary absence from work, or 4. House damage or loss of

property
5) Correspond to any of the following: 1. Deterioration of family relationships, or 2. Family separation
6) nuclear power plant
7) Lubben Social Network Scale -6



Table 12B. The association between individual-level characteristics and regional radiation levels with physical symptoms (continuous variable) applying multilevel linear regression analysis with the respondents who had not moved or evacuated after the accident. (n=1,269)

Model 1 Model 2A Model 2B Model 3A Model 3B Model 4A Model 4B
Coef. SE  Coef. SE p  Coef. SE p  Coef. SE p  Coef. SE p  Coef. SE p  Coef. SE p
Intercept 15.80 015 1481 0.41 15.36 0.22 12.53 0.93 12.79 0.88 11.92 0.93 12.08 0.89
Compositional effect
Sex (ref. men) 1.64 0.26  <0.001 1.64 0.26  <0.001 170 0.26  <0.001 1.70 0.26  <0.001
Age (ref. 65+)
20-39 years old 1.56 0.46  0.001 1.55 046  0.001 1.37 046  0.003 137 0.46  0.003
40-64 years old 1.54 0.41  <0.001 1.54 041  <0.001 1.39 041  0.001 1.39 041  0.001
Education attainment (ref. University or graduate school)
Junior high school 0.81 0.53 0.126 0.80 053 0.132 0.68 053  0.197 0.68 053  0.203
High school 0.22 0.37  0.549 0.21 0.37  0.561 0.15 0.37  0.681 0.15 0.37  0.691
Junior or technical college 0.08 041 0.848 0.08 041  0.847 0.03 0.41  0.940 0.03 041  0.939
Level of household income adjusted by household size (ref. High) ¥
Low -0.05 040  0.893 -0.05 040  0.891 -0.19 040 0629 -0.19 040  0.628
Middle 0.47 0.37  0.203 0.47 0.37  0.208 0.39 037  0.289 0.39 037 0.2%
Marital status (ref. Separated, divorced, bereaved, unmarried or unknown)
Married 0.61 029  0.036 0.62 029 0.034 0.51 029  0.076 0.52 029 0.073
No. of family members in a household -0.15 0.09  0.093 -0.15 0.09 0.091 -0.16 0.09  0.066 -0.16 0.09  0.065
Living arrangement (ref. Other?)
One's own house -0.99 035 0.004  -0.99 035 0.004 -0.98 034 0004 -0.98 0.34  0.004
Working status (ref. Not working®)
Working (employed, self-employed or part-time) 0.86 0.31  0.005 0.85 0.31  0.005 0.85 0.30  0.006 0.84 0.30  0.006
Chronic disease (ref. none) 117 0.35  0.001 117 0.35  0.001 113 0.35  0.001 114 0.35  0.001
Effects by the Great East Japan Earthquake (ref. none)
Direct damage * 0.84 0.29  0.003 0.84 0.29  0.003 0.67 029  0.021 0.66 029 0.022
Disaster-related family stress 5 3.19 0.64 <0.001 3.18 0.64 <0.001 2.92 0.64 <0.001 2.92 0.64 <0.001
Fear or anxiety immediately after the NPP® accident 0.58 0.11  <0.001 0.59 0.11  <0.001 0.37 0.13  0.003 0.37 0.13  0.003
Social network
Family and friend (LSNS-6 7) -0.11 0.02 <0.001 -0.11 0.02 <0001 -0.11 0.02 <0001 -0.11 0.02  <0.001
Belong to some groups or organizations -0.84 0.30  0.005 -0.84 0.30  0.005 -0.84 0.30  0.005 -0.84 0.30  0.005
Radiation anxiety 0.13 0.03  <0.001 0.13 0.03  <0.001
Contextual effect
Air dose rate of radiation at the time of the survey 10.18 4.02 0011 4.81 3.60 0.182 3.24 3.60 0.368
Air dose rate of radiation soon after the Great East Japan Earthquake 0.82 0.33  0.012 0.40 029 0.175 0.30 0.29  0.303
Random parameters
Community level variance / Standard Error 0.25 0.24 0.11 0.21 0.12 0.21 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Coef., coefficient; Cl, confidence interval; SE, standard error; ref., reference

1) Category of low incudes household income <2.5 if headcount in a household was three or less and <5.0 if headcount in a household was four or more. Category of middle incudes household income 2.5-5.0 if headcount in a household was one or two, 2.5-
7.5 if three, and 5.0-10.0 if four or more. Category of high incudes household income >5.0 if headcount in a household was one or two, >7.5 if three, and >10.0 if four or more.

2) Rented house, temporary house, disaster restoration house or acquaintance's or relative's house

3) Leave of absence, student, full-time housewife or seeking employment

4) Correspond to any of the following: 1. Harm to oneself, 2. Harm to or death of family members, 3. Loss of job or temporary absence from work, or 4. House damage or loss of property

5) Correspond to any of the following: 1. Deterioration of family relationships, or 2. Family separation

6) nuclear power plant

7) Lubben Social Network Scale -6
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Appendix 1. Average air dose rate of radiation in each municipality used in this study.

(N=49)

Municipality

Average air dose rate after
the earthquake (uSv/h)

Average air dose rate at the
time of the survey (uSv/h)

Fukushima-city

Aizuwakamatsu-city

Koriyama-city
Iwaki-city
Shirakawa-city
Sukagawa-city
Kitakata-city
Soma-city
Nihonmatsu-city
Tamura-city
Minamisoma-city
Date-city
Motomiya-city
Kori-town
Kunimi-town
Otama-village
Kagamiishi-town
Ten-ei-village
Shimogou-town
Hinoemata-village
Tadami-town
Minamiaizu-town
Kitashiobara-village
Nishiaizu-town
Bandai-town
Inawashiro-town
Aizubange-town
Yugawa-village
Yanaizu-town
Mishima-town
Kaneyama-town
Showa-village
Aizumisato-town
Nishigo-village
Izumizaki-village
Nakajima-village
Yabuki-town
Tanagura-town
Yamatsuri-town
Hanawa-town
Samegawa-village
Ishikawa-town
Tamagawa-village
Hirata-village
Asakawa-town
Furudono-town
Miharu-town
Ono-town

Shinchi-town

1.2038
0.2380
0.8245
0.5122
0.7460
0.9772
0.2092
0.9952
1.4969
0.6561
2.0280
1.4870
1.6750
1.4100
1.2525
0.9650
0.4738
0.7808
0.0986
0.1025
0.0972
0.1090
0.2947
0.1197
0.3414
0.2431
0.2778
0.5200
0.2225
0.2170
0.1342
0.1625
0.2621
0.8931
0.5545
0.2700
0.3615
0.5100
0.1700
0.2567
0.3216
0.2644
0.3157
0.3047
0.3033
0.3029
0.7822
0.3024
0.4757

0.1446
0.0834
0.1560
0.0926
0.1266
0.1293
0.0772
0.1230
0.1931
0.1232
0.1908
0.1690
0.1413
0.1423
0.1240
0.1764
0.1095
0.1070
0.0457
0.0523
0.0642
0.0546
0.0855
0.0582
0.0707
0.0679
0.0883
0.0803
0.0720
0.0688
0.0636
0.0607
0.0746
0.1219
0.1088
0.0884
0.1013
0.1045
0.0687
0.0828
0.0812
0.0790
0.0903
0.0791
0.0750
0.0817
0.1448
0.0832
0.1090




Appendix 2. Distributions of the scores of outcomes.
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Appendix 3. Overlapping of psychological distress, posttraumatic stress symptoms and physical symptoms in this study
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Appendix 4. Relationships of socio-demographic, disaster-related, and social network characteristics with radiation anxiety
for adverse health effects (n=1,521).

mean/r  SD t/F df p
Socio-demographic characteristics
Sex
Men 9.9 31 -15 1519 0.140
Women 10.1 2.9
Age, years
20-39 9.9 31 7.2 2,1518 <0.001
40-64 10.3 29
65+ 9.5 2.8
Education attainment
Junior high school 10.1 2.9 5.0 3,1517  0.002
High school 10.1 3.0
Junior or technical college 10.1 2.9
University or graduate school 9.3 3.0
Level of household income adjusted by household size ¥
Low 10.2 3.0 6.2 2,1518 0.002
Middle 9.9 3.0
High 9.4 2.9
Marital status
Married 10.2 2.9 -4.6 1519  <0.001
Separated, divorced, bereaved, unmarried or unknown 9.5 3.0
No. of family members in a household
1 (oneself) 9.4 3.0 15 51515 0.181
2 9.9 29
3 10.0 3.1
4 10.0 2.8
5 10.1 3.0
6 or more 10.2 3.0
Pearson’s r 0.058 0.024
Living arrangement
One's own house 10.0 3.0 -0.2 1519 0.869
Other ? 9.9 2.8
Work
Working (employed, self-employed or part-time) 10.0 3.0 -0.7 1519 0.489
Not working ¥ 9.9 3.0
Chronic disease
Have a chronic disease under treatment 9.9 3.0 0.3 1519 0.768
None 10.0 3.0
Disaster-related experiences
Direct damage *
Experienced 10.8 2.9 -7.9 1519  <0.001
None 9.6 2.9
Disaster-related family stress ¥
Experienced 114 2.6 -5.6 1519  <0.001
None 9.8 3.0
Fear or anxiety immediately after the NPP® accident
Pearson’s r 0.473 <0.001
Social network
Family and friend (LSNS-6 7))
Pearson’s r 0.007 0.799
Belong to some groups or organizations
Yes 10.0 2.9 -0.9 1519 0.387
No 9.9 3.0

r, Pearson's correlation coefficient; SD, standard deviation; df, degree of freedom,; ref., reference
Category of low incudes household income <2.5 if headcount in a household was three or less and <5.0 if headcount in a
household was four or more. Category of middle incudes household income 2.5-5.0 if headcount in a household was one
or two, 2.5-7.5 if three, and 5.0-10.0 if four or more. Category of high incudes household income >5.0 if headcount in a

household was one or two, >7.5 if three, and >10.0 if four or more.
Rented house, temporary house, disaster restoration house or acquaintance's or relative's house
Leave of absence, student, full-time housewife or seeking employment

1

2)
4)
5

6)
7)

Correspond to any of the following: 1. Harm to oneself, 2. Harm to or death of family members, 3. Loss of job or

temporary absence from work, or 4. House damage or loss of property

Correspond to any of the following: 1. Deterioration of family relationships, or 2. Family separation

nuclear power plant
Lubben Social Network Scale -6



Appendix 5. The relationships of socio-demographic, disaster-related, and social network characteristics and radiation anxiety with

psychological distress (K6 > 13) (n=1,521).

Psychological distress

Low High
n/mean % /SD n/mean % /SD it df p
Socio-demographic characteristics
Sex
Men 701 48.3 28 40.6 16 1 0.211
Women 751 51.7 41 59.4
Age, years
20-39 703 48.4 44 63.8 10.3 2 0.006
40-64 486 335 22 319
65+ 263 18.1 3 4.4
Education attainment
Junior high school 134 9.2 11 15.9 5.0 3 0.173
High school 721 49.7 35 50.7
Junior or technical college 350 24.1 1 159
University or graduate school 247 17.0 12 17.4
Level of household income adjusted by household size ¥
Low 561 38.6 29 42.0 11 1 0.571
Middle 679 46.8 33 47.8
High 212 14.6 7 10.1
Marital status
Married 915 63.0 30 43.5 10.7 1 <0.001
Separated, divorced, bereaved, unmarried or unknown 537 37.0 39 56.5
No. of family members in a household
1 (oneself) 135 9.3 14 20.3 115 5 0.042
2 310 21.4 11 15.9
3 314 21.6 15 21.7
4 296 20.4 15 21.7
5 188 13.0 9 13.0
6 or more 209 14.4 5 7.3
Mean / SD (range: 1-6) 35 1.5 3.1 15 1.9 1519 0.054
Living arrangement
One's own house 1,185 81.6 48 69.6 6.2 1 0.013
Other ? 267 18.4 21 30.4
Working status
Working (employed, self-employed or part-time) 1,092 75.2 48 69.6 11 1 0.291
Not working ¥ 360 248 21 304
Chronic disease
Have a chronic disease under treatment 296 204 15 217 0.1 1 0.785
None 1156 79.6 54 78.3
Disaster-related experiences (ref. none)
Direct damage 4 451 31.1 30 43.5 4.7 1 0.030
Disaster-related family stress ¥ 109 75 14 20.3 145 1 <0.001
Fear or anxiety immediately after the NPP® accident
Mean / SD (score range: 1-5) 3.8 1.1 3.9 1.2 -1.2 1519 0.230
Social network
Family and friend (LSNS-6 ")
Mean / SD (score range: 0-30) 14.9 5.8 8.7 5.7 8.7 1519 <0.001
Belong to some groups or organizations (ref. no) 1,014 717 32 46.4 20.3 1  <0.001
Radiation anxiety
Mean / SD (score range: 7-28) 14.7 4.4 16.6 5.0 -3.4 1519 0.001
Radiation anxiety for adverse health effects
Mean / SD (score range: 4-16) 9.9 3.0 10.8 3.2 -2.3 1519 0.022

SD, standard deviation; df, degree of freedom; ref., reference

1) Category of low incudes household income <2.5 if headcount in a household was three or less and <5.0 if headcount in a household was
four or more. Category of middle incudes household income 2.5-5.0 if headcount in a household was one or two, 2.5-7.5 if three, and 5.0-
10.0 if four or more. Category of high incudes household income >5.0 if headcount in a household was one or two, >7.5 if three, and >10.0

if four or more.

2) Rented house, temporary house, disaster restoration house or acquaintance's or relative's house
3) Leave of absence, student, full-time housewife or seeking employment

4) Correspond to any of the following: 1. Harm to oneself, 2. Harm to or death of family members, 3. Loss of job or temporary absence from

work, or 4. House damage or loss of property

5) Correspond to any of the following: 1. Deterioration of family relationships, or 2. Family separation

6) nuclear power plant
7) Lubben Social Network Scale -6



Appendix 6. The relationships of socio-demographic, disaster-related, and social network characteristics and radiation anxiety with physical

symptoms (the total score of the 10 items > 23) (n=1,521).

Physical symptoms

Low High
n/mean % /SD n/mean % /SD vt df p
Socio-demographic characteristics
Sex
Men 677 49.6 52 336 14.3 1 <0.001
Women 689 50.4 103 66.5
Age, years
20-39 673 49.3 74 47.7 5.0 2 0.081
40-64 446 327 62 40.0
65+ 247 18.1 19 12.3
Education attainment
Junior high school 120 8.8 25 16.1 10.6 3 0.014
High school 678 49.6 78 50.3
Junior or technical college 328 24.0 33 21.3
University or graduate school 240 17.6 19 12.3
Level of household income adjusted by household size ¥
Low 528 38.7 62 40.0 11 1 0.581
Middle 637 46.6 75 48.4
High 201 14.7 18 11.6
Marital status
Married 848 62.1 97 62.6 0.0 1 0.903
Separated, divorced, bereaved, unmarried or unknown 518 37.9 58 374
No. of family members in a household
1 (oneself) 135 9.9 14 9.0 2.0 5 0.852
2 286 20.9 35 226
3 294 21.5 35 22.6
4 276 20.2 35 22.6
5 178 13.0 19 12.3
6 or more 197 14.4 17 11.0
Mean / SD (range: 1-6) 35 1.5 34 1.5 0.7 1519 0.467
Living arrangement
One's own house 1,119 819 114 73.6 6.4 1 0.012
Other ? 247 181 4 265
Working status
Working (employed, self-employed or part-time) 1,022 74.8 118 76.1 0.1 1 0.721
Not working ¥ 344 25.2 37 23.9
Chronic disease
Have a chronic disease under treatment 271 19.8 40 25.8 3.0 1 0.081
None 1095 80.2 115 74.2
Disaster-related experiences (ref. none)
Direct damage 4 419 30.7 62 40.0 5.6 1 0.018
Disaster-related family stress ® 93 6.8 30 194 29.5 1 <0.001
Fear or anxiety immediately after the NPP® accident
Mean / SD (score range: 1-5) 3.7 1.1 4.0 1.1 -2.7 1519 0.007
Social network
Family and friend (LSNS-6 7
Mean / SD (score range: 0-30) 14.9 5.9 12.7 6.0 42 1519  <0.001
Belong to some groups or organizations (ref. no) 988 72.3 85 54.8 20.5 1  <0.001
Radiation anxiety
Mean / SD (score range: 7-28) 14.6 4.3 16.8 4.7 -59 1519  <0.001
Radiation anxiety for adverse health effects
Mean / SD (score range: 4-16) 9.8 3.0 11.1 2.9 -4.8 1519  <0.001

SD, standard deviation; df, degree of freedom; ref., reference

1) Category of low incudes household income <2.5 if headcount in a household was three or less and <5.0 if headcount in a household was
four or more. Category of middle incudes household income 2.5-5.0 if headcount in a household was one or two, 2.5-7.5 if three, and 5.0-
10.0 if four or more. Category of high incudes household income >5.0 if headcount in a household was one or two, >7.5 if three, and

>10.0 if four or more.

2) Rented house, temporary house, disaster restoration house or acquaintance's or relative's house
3) Leave of absence, student, full-time housewife or seeking employment
4) Correspond to any of the following: 1. Harm to oneself, 2. Harm to or death of family members, 3. Loss of job or temporary absence from

work, or 4. House damage or loss of property

5) Correspond to any of the following: 1. Deterioration of family relationships, or 2. Family separation

6) nuclear power plant
7) Lubben Social Network Scale -6



Appendix 7. The relationships of socio-demographic, disaster-related, and social network characteristics and radiation anxiety
with physical symptoms (continuous variable) (n=1,521).

mean/r SD t/F df p
Socio-demographic characteristics
Sex
Men 15.1 45 -6.8 1519  <0.001
Women 16.8 5.0
Age, years
20-39 16.1 4.8 15.1 2,1518 <0.001
40-64 16.6 49
65+ 14.6 4.6
Education attainment
Junior high school 15.9 5.8 24 3,1517  0.292
High school 16.1 4.9
Junior or technical college 16.3 4.5
University or graduate school 15.5 45
Level of household income adjusted by household size b
Low 15.8 4.8 0.8 2,1518  0.455
Middle 16.2 5.0
High 15.9 4.6
Marital status
Married 16.1 4.8 -1.3 1519 0.188
Separated, divorced, bereaved, unmarried or unknown 15.8 5.0
No. of family members in a household
1 (oneself) 16.4 4.8 1.6 5,1515 0.164
2 15.9 5.0
3 16.3 49
4 16.2 4.9
5 155 4.7
6 or more 15.5 4.6
Pearson’s r -0.051 0.048
Living arrangement
One's own house 15.7 4.7 4.4 1519 <0.001
Other 2 17.1 5.1
Work
Working (employed, self-employed or part-time) 16.2 4.8 -2.9 1519 0.004
Not working * 15.4 48
Chronic disease
Have a chronic disease under treatment 16.0 5.2 -0.1 1519 0.882
None 16.0 4.8
Disaster-related experiences
Direct damage ¥
Experienced 16.9 51 -4.8 1519  <0.001
None 15.6 4.7
Disaster-related family stress 5
Experienced 18.9 55 -7.1 1519  <0.001
None 15.8 4.7
Fear or anxiety immediatelv after the NPP® accident
Pearson’s r 0.175 <0.001
Social network
Family and friend (LSNS-6 7)
Pearson’s r -0.149 <0.001
Belong to some groups or organizations
Yes 15.7 4.6 3.8 1519 <0.001
No 16.7 5.4
Radiation anxiety
Pearson’s r 0.252 <0.001
Radiation anxiety for adverse health effects
Pearson’s r 0.231 <0.001

r, Pearson's correlation coefficient; SD, standard deviation; df, degree of freedom,; ref., reference
Category of low incudes household income <2.5 if headcount in a household was three or less and <5.0 if headcount in a
household was four or more. Category of middle incudes household income 2.5-5.0 if headcount in a household was one
or two, 2.5-7.5 if three, and 5.0-10.0 if four or more. Category of high incudes household income >5.0 if headcount in a

household was one or two, >7.5 if three, and >10.0 if four or more.
Rented house, temporary house, disaster restoration house or acquaintance's or relative's house
Leave of absence, student, full-time housewife or seeking employment

0]

2)
4
5

7

Correspond to any of the following: 1. Harm to oneself, 2. Harm to or death of family members, 3. Loss of job or

temporary absence from work, or 4. House damage or loss of property

Correspond to any of the following: 1. Deterioration of family relationships, or 2. Family separation

nuclear power plant
Lubben Social Network Scale -6



Appendix 8. The association between individual-level characteristics and regional radiation levels with radiation anxiety for adverse health effects applying multilevel linear regression
analysis. (n=1,521)

Model 1 Model 2 Model 3
Coef. SE Coef. SE p Coef. SE p
Intercept 9.99 0.13 8.91 0.35 2.89 0.52
Compositional effect
Sex (ref. men) -0.22 0.14 0.110
Age (ref. 65+)
20-39 years old 0.84 0.24 <0.001
40-64 years old 0.77 0.22 <0.001
Education attainment (ref. University or graduate school)
Junior high school 0.90 0.28 0.001
High school 0.67 0.19 <0.001
Junior or technical college 0.66 0.21 0.002
Level of household income adjusted by household size (ref. High) n
Low 0.74 0.21 <0.001
Middle 0.42 0.20 0.031
Marital status (ref. Separated, divorced, bereaved, unmarried or unknown)
Married 0.46 0.15 0.003
No. of family members in a household 0.03 0.05 0.516
Living arrangement (ref. Other?)
One's own house -0.01 0.18 0.950
Working status (ref. Not workingS’)
Working (employed, self-employed or part-time) -0.03 0.16 0.835
Chronic disease (ref. none) 0.10 0.18 0.594
Effects by the Great East Japan Earthquake (ref. none)
Direct damage ¥ 0.52 0.15 <0.001
Disaster-related family stress % 0.66 0.25 0.007
Fear or anxiety immediately after the NPP® accident 116 0.06 <0.001
Social network
Family and friend (LSNS-6 7) -0.01 0.01 0.434
Belong to some groups or organizations 0.00 0.16 0.978
Contextual effect
Air dose rate of radiation at the time of the survey 10.80 3.26 0.001 6.59 2.56 0.010
Random parameters
Community level variance / Standard Error 0.58 0.17 0.43 0.14 0.21 0.08
Within group variance / Standard Error 8.23 0.30 8.23 0.30 6.17 0.23
Intra-class correlation: ICC 0.07 0.05 0.03
Proportional changes in variance: PCV (compared to null model) 0.27 0.64

Coef., coefficient; Cl, confidence interval; SE, standard error; ref., reference

1) Category of low incudes household income <2.5 if headcount in a household was three or less and <5.0 if headcount in a household was four or more. Category of middle incudes
household income 2.5-5.0 if headcount in a household was one or two, 2.5-7.5 if three, and 5.0-10.0 if four or more. Category of high incudes household income >5.0 if headcount in a
household was one or two, >7.5 if three, and >10.0 if four or more.

2) Rented house, temporary house, disaster restoration house or acquaintance's or relative's house

3) Leave of absence, student, full-time housewife or seeking employment

4) Correspond to any of the following: 1. Harm to oneself, 2. Harm to or death of family members, 3. Loss of job or temporary absence from work, or 4. House damage or loss of
property

5) Correspond to any of the following: 1. Deterioration of family relationships, or 2. Family separation

6) nuclear power plant

7) Lubben Social Network Scale -6
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Appendix 9. The association between individual-level characteristics and regional radiation levels with radiation anxiety for adverse health effects applying multilevel linear regression analysis with the respondents who had not moved
or evacuated after the accident. (n=1,269)

Model 1 Model 2A Model 2B Model 3A Model 3B
Coef. SE Coef. SE p Coef. SE p Coef. SE p Coef. SE p
Intercept 9.87 0.13 9.05 0.36 9.61 0.20 2.91 0.56 3.28 0.51
Compositional effect
Sex (ref. men) -0.24 0.15 0.101 -0.24 0.15 0.101
Age (ref. 65+)
20-39 years old 0.89 0.26 0.001 0.90 0.26 0.001
40-64 years old 0.70 0.23 0.003 0.70 0.23 0.003
Education attainment (ref. University or graduate school)
Junior high school 0.81 0.30 0.007 0.80 0.30 0.008
High school 0.51 0.21 0.015 0.50 0.21 0.016
Junior or technical college 0.46 0.23 0.052 0.46 0.23 0.052
Level of household income adjusted by household size (ref. High) ?
Low 0.81 0.23  <0.001 0.81 0.23  <0.001
Middle 0.44 0.21 0.038 0.44 0.21 0.038
Marital status (ref. Separated, divorced, bereaved, unmarried or unknown)
Married 0.53 0.16 0.001 0.53 0.16 0.001
No. of family members in a household 0.03 0.05 0.560 0.03 0.05  0.582
Living arrangement (ref. Other?)
One's own house -0.01 0.20 0.954 -0.01 0.20 0.969
Working status (ref. Not working®)
Working (employed, self-employed or part-time) -0.02 0.17 0.927 -0.02 0.17 0.917
Chronic disease (ref. none) 0.09 0.20 0.671 0.09 0.20 0.666
Effects by the Great East Japan Earthquake (ref. none)
Direct damage 0.66 0.17  <0.001 0.68 0.17  <0.001
Disaster-related family stress * 0.65 036 0071 0.64 036  0.077
Fear or anxiety immediately after the NPP® accident 117 0.06  <0.001 117 0.06  <0.001
Social network
Family and friend (LSNS-6 ) 0.00 001 0981 0.00 0.01 0988
Belong to some groups or organizations -0.06 0.17 0.739 -0.06 0.17 0.712
Contextual effect
Air dose rate of radiation at the time of the survey 8.29 3.45 0.016 5.32 2.74 0.052
Air dose rate of radiation soon after the Great East Japan Earthquake 0.49 0.29 0.086 0.29 0.23 0.195
Random parameters
Community level variance / Standard Error 0.49 0.16 0.40 0.15 0.44 0.15 0.20 0.09 0.22 0.09
Within group variance / Standard Error 8.10 0.33 8.11 0.33 8.11 0.33 6.01 0.24 6.01 0.24
Intra-class correlation: ICC 0.06 0.05 0.05 0.03 0.04
Proportional changes in variance: PCV (compared to null model) 0.19 0.10 0.59 0.55

Coef., coefficient; Cl, confidence interval; SE, standard error; ref., reference

1

=

2)
3)
4
5)
6)
7

=

Category of low incudes household income <2.5 if headcount in a household was three or less and <5.0 if headcount in a household was four or more. Category of middle incudes household income 2.5-5.0 if headcount in a

household was one or two, 2.5-7.5 if three, and 5.0-10.0 if four or more. Category of high incudes household income >5.0 if headcount in a household was one or two, >7.5 if three, and >10.0 if four or more.

Rented house, temporary house, disaster restoration house or acquaintance's or relative's house

Leave of absence, student, full-time housewife or seeking employment

Correspond to any of the following: 1. Harm to oneself, 2. Harm to or death of family members, 3. Loss of job or temporary absence from work, or 4. House damage or loss of property

Correspond to any of the following: 1. Deterioration of family relationships, or 2. Family separation

nuclear power plant
Lubben Social Network Scale -6



Appendix 10

HEARANDLHH ERBEIZOWTORE
I D :O0ddg

— (CEBRALCHIZ > TDRRELN)

1) COBPAER. TBRDIFCHEARIC CEEAZHBRBNNELET,
COBRMBADBBEICDDEELTRIBNZLEIDT, TSNV —DRSNDTERBEHDF B A,
F2. COBRABNHABHUMIERINDCEF—DHDFEA.

2) COBR. HTIFDIBESZONTHATIZSN, FE. RICIIEFNSHEZTALTIES
UYe

3) IZ20ft] 2REZRICIESEHBEE>. ( ) WICEFNEABZ CEALESU,

4) —BDREIICREZNCELEEEHDEI., ZOHEE. KD (—> ) DEFNFIDIBRIC
o TRBALES, BROBNBBICDNTEZENREZ LS,

5) COBICHEDBEIE. TEILIHANENEESLDICL TS,

— (CRADRDOFULES )
© CTERADRDODILLES. €EO—E. OBRNOSNDRENDIIESHN.
© CHRAVNEEEFULLHAERE. OB0H (O) FTICBEUTLESL),

— (COBAICREI DRENSOEEL: )
O <HR&EFSE - B/EELVHY—>

RRRFAZREFRMARRISRRES DL
2z JIE|A
B3 {E (CA). I
T113-0033 RREBIXRXAM 7-3-1
&E55 03-5841-3521 (WE 3364) FAX 03-5841-3392
(&g uaeiET - fiBzF<A~% 10:00~17:00)

MRER—ANR— | http'//plaza.umin.ac.jo/heart/



http://plaza.umin.ac.jp/heart/

1. ®RI-DOREREBIZOWT

1) it 1 22 ARO B2 7= D F IR R ERIREIIRO ENICHTZ0 90 HbHTUIEL LD 1DI2O0 %A
FTLIEEN,

1 XbhOTREW 2 ELTHREW 3 Ew
4 FbHbEd 5 RiEE

2) BIRTITEIME, BERIE. DIER. AT, NAR EDIEMERZRIRR TR 25T T E T,

1 Fwn 2 Wihnzx —» [3)] NnEATLIEELY,

2—1) BREIDLIBRZZT TOLIRRNHIUT, W< HOTHREEZLZS, (OIXN2TY)

1 mEiE 6 EMEEEY (V)

2 JMFRH 7R O I R 7 =% RS O
3 DR (PROME - DA ZE) 8 Hif -5

4 IERERR OFEE 9 Zonfh ( )
5

Bagi U v~ - Bk

2—2) BRBIZHFEEZZTIZILOTHEAN DL, W<HOTHEREEALLEZS, (O DTYH)

1 %mr 6 HEMEHEY (V)
2 JMZEH e LA R R 7 =% PO
3 mMﬁ(&uﬁ-b%@%) 8 ‘B - IME
4 ERERFR DR 9 Zofth ( )
5 BfiY v~F - BfiR

(ZEDAID)

3) FL 1 P HMDOH R T DIEFRIREBIZ OV T I AN ET, HRbHTUTEDLHDICOZMITTIZI N,
(OlFENEN1DY D)

Feeabb e LIELE | VWOoeH
otz | Holz BT STz
7)) HEVRTD 1 2 3 4
A1) EOSLE LT 1 2 3 4
V) BEANENS TV EENT D 1 2 3 4
T) HHRENRIS 1 2 3 4
) BEAE 1 2 3 4




1) BMEND 1 2 3 4
¥) HECLUNhNT S 1 2 3 4
7)) BOEE DN 1 2 3 4
7)) BERDB T2 1 2 3 4
=) S R E TS 1 2 3 4

4) it 1 2 A OB 78 7= ORI R ERREEIIR O ENcH =0 30 b TUIEDL LD 1 DI20%fF
TTLIZE N,

1 EbhbHTRW 2 LTHLREWN 3 BRw
4 FhHhEdH 5 RfEEE

5) HRTIIBE. ) DIRSORLREEL OO LOJRR CTIBE 25T TOET D,
1 3w 2 Wiz — [6)] NEATLIEELY,

4—1) EBREINOIBEZZITTWALOIFRRZNDH Y 90,

LA 2 Wz

4—2) BRBICHEZZTIICOTLORKD D D 3

1 3w 2 Wz

(ZEDAI)
6) it 1 2 HEORNCT, ENK BWOBETROZ LRH D L L2 ?HTUITE DL DIZOZEAT TIIZENY,
(OlFENEN1DY D)

BN | DLET | EEEE | 0T | VoY
7)) FREEICR U E L2, 0] 1 2 3 4
A) MR LT E Lz, 0] 1 2 3 4
7)) TbhZb, BHENRIIELTE Lk, 0] 1 2 3 4
i)ﬁ%ﬁ@ﬁ@hf\mﬁﬁiof%%ﬁ%ﬂ o 1 o 3 4
IRNE HITE T L7edy,
F) AETLOHEIVIZEETE Lz, 0 1
71) B HEEO e AR7Z ST F Lz, 0 1




4. HBED THRFIZONT

1) Hiplid, AESH - H - N2 - FHEZM ST, O L THHTE I, OBTH (FLE) Al

BATHIB R Z W TH W ER A,

LA 2 Wz

2) BfE, ST EOREEE T,

1 &ThEoED 2 ORI ED 3 HELVTOIEbRv

4 & HIB-DbRn

3) HARTATIF, EIPVWREEERLELONDLLONH Y £
ETHE IS LRL I bHEY X OB

<L 9

B

1 &ThEo D 2 RO HES 3 HELVTOIEbRV

4 & THIBDbRn

4) BH7pl=OETEEIEIZOWT

(1) IR THL HBVOEIIRCAR—Y %, 10 HIERMEIS S5V LE LD, (Olk12)
1 LTuhAwn 2 1~3[H 3 4~7][q] 4 8~15]q 5 15EEIDZN

(2) HE, 1FFHH., HIZ22W-oTHETD, (OlX12)

1 WoTWn3b 2 WoTWaRn

3 LR > T\ 3o 7~

(3) IHE—LT2ARLE (E— VK25 1R, BRBERL 1A, BEEZRS 0768, VA AF 726/ 87
TTA2, UA LI B T T A 2L EICHY) OB« 7/va—LaxfmHKATHETH,

(Ol 172)

1 FTw 2 Wz

3  LIFIRA CWW= 3o 7~

(4) HEFEZMERFT 572 DI KFIC L TV D AETEEEIZTTT 0N,

(OFL<DTH)

1 EH) - AKR—Y 6 BiNHZRAHEE 20
2 IKEE 7 KEIIKEOTS
3 HER 8 ANLAREEHR
4 BF 9 it (

5 7iIXZEWban 10 AFlZ7en




5. HRIEOFIRSB « K ABHRIZOWT

BT DFERBU - KABMRICOWTRIWE T, RDT) ~A) OERICH TEE L ANHIZO%E 13T
7w, (OlFENENn1 29 D)

1) [FR] ZZ2TlE, REPBR/AR EIZOWTERET,

5~8 9 A
NN
[AYAY" 1A 2 A 3.4 A N SE
7) DR EHAIC1E, o=V EEE L 1 o 3 4 5 6
720 3B FHERCBUBI I AW E T2,
A) BTN, AR Z E THEET &
NTEXDHHWVRIBITE T 5N D FEE 1 2 3 4 5 6
OB BUTAT ANFE T,
7)) BTN, B ERD B ZLNTES
<HBWHLLKLE b FHECBBI 1 2 3 4 5 6
AL AVNE T2,
2) [KABR] 22Tk, < IfFEATWAAZELHRT-OKNEIEIZONTEZ £ T,
5~8 9 A
NP
(VA" 1A 2 A 3.4 A A P
T) M LB HIC1E, o0 EEE L
120 T BRNHINET B, 1 S D R R
F) BTN, AR Z L THEET L
MNTEHHWVRBIE LN DK 1 2 3 4 5 6
NI AT ANE T D,
B) BTN, BT ERDBZ LN TES
HBWH LKL D KNI A 1 2 3 4 5 6
WE T,
6. HRI-DEALTWDHURIZOWT
1) HREOFEATHAIHIEDO AXIZONWTE IR L TWETD, (OIFFNREFNT1 DT D)
. Ebbome EH 5 EbEbmeE A .
N Il D I T I A
B9 . b7z
9 VA Hbpn
7)) AEALTOA RO A & IZBEWIZ
B Ao T 2. 1 2 3 4 5
ANy S A = S
4)%Ehfb6%ﬁ®kﬁﬁ%ﬁfﬁ 1 o 3 4 5
) A ATV A IO A 2 1TEBEWIC
HNEo%E LTS, ! 2 8 4 5
T) S{EATW D S CRIEMN A U5
B, ANxIINEELOETHRLE D 1 2 3 4 5
ET5,




2)

BT3RO X D a0 IV > T ET A, (OIXWLE DTH)

N O o B ODN =

LI ES
WA=, N7 77, HHEH

PTA
AR—=YBEURD I N—T RV T T
BKDOS (2—F A - BH - [Lh&iy)
FENE D%

THEATE W RIS (R H)

- AR

10
11
12
13
14

i EGES) - HERFEH O 7L —
NI T AT DT N—T

BB B ORI AR S0
FEREE - [FZEHEIE
TRHAOHIERS

EESES

ERiC TV o Ty

—

3) HRTIFTWIZH T 27T) ~=) OFMECHIE, FRLZ2 EOREFH L E370,
(OlFEhEN1 D9 D)
JEH I R HEY 2
BT 5 | EHT5 | EmELApn | FELZY
7)) REEUR 1 2 3 4
A ) IEAECHCH O i 1 2 3 4
) Hi#E. Tre 1 2 3 4
T) g 1 2 3 4
) EOITE 1 2 3 4
VA NESES 1 2 3 4
) NPO, NGO (I FIHHASCIEBUFHLAE) 1 2 3 4
7)) et uthigk 1 2 3 4
) |EE 1 2 3 4
) BEEAN 1 2 3 4

4) fBERIZERT 720 E B E T,

1 tTHEo /S 2 LoD

3 HEVTOIEbRw

4 &I Bbrn




7. HAARKRBRKICEELZERBRIZOWTBRIVLET,
1) HAAKRER FREKREZET) O7-DIC, UTOL R 2 RBENE LI, HTUIEH2H0LT
IZOZEDIFTLIEEY, (OlFLDTY)

IR HE MW & L

BIRT=DTFN - THEN T B LD, B Rotz
RFELZ, I LELLMAEFEELRELE

OB OERNBENTZY, MELZ KT
FIROBRNREL 7257
FIGEBENLTAERT DL ko7

B2 B &I e R T v a — L ER B & 7
FIEREAR 22 N T v a— VN B & 12
Enban

© 00 N O g o WODN =

2) LLFI, AARKESN (HE, ik, FREW) 28 A L ADOZWEER (LT T2 ML 2B L))
LTEBE, Rix il Z 2RISR ZOY A T, ZO10HDORE, ZORMBIZEDH WM E I LTV
PIZHONWT, HTIHELIHLDICOEDIFTTLEEY, (OFFAEFNT1 DT D)

acn | oL | TRy | e
Mmool | ol - bolz | dolz
T) ZDA N VARRO, LEPEELT LS R
B Bx. A A=Y OtRRE) 2L 1 2 3 4 5
S
=) PO E SPFTEDA M L ARERZ B 1 o 3 4 5
Liz& &, HRICERET D
F) TOA P LAKRBREBVNHIELNDT20, , 2 3 4 5
FEE OIE BRI 2 HET D
a) ON2POHEEZE TSN SN TN D 1 o 3 4 5
EOWELEEYT D
) AT7AT LY, BODBERLIZVTD 1 2 3 4 5
V) WEicERTE LRy 1 2 3 4 5

3) EmEFHIREOFEENBELER, bR, EO bW/l | ALK T E Lz, (Ol 12)

1 &N 2 Ly 3 B 4 =X En 5 JEFIC




4) BT LB T-OFHEL, BERERT 572012, b EDOEFHMOEESNE Lizd, 12120%D1)
L&Y, (Olx12)

—

HABLXOFHER L IR L 4 BOERIEFEBENERBERZIC RIS L 7=
H 5y DI dnfE LTz 5 JEHRUSNOFE (BENENT-E) O-OIliRFE LT
FIRO I nfE LT 6 HEELTWARWY (= [5)] AT ZEW)

W N

4—1) bLOBEHIZEONE LN, ®OVEFRERLNDIEANRH Y £, (OlX12)

1 bEDEAEMICK-T2 2 FERRLZEMZSHS 38 FERLRLIEMITRY 4 Ghbn

(£812)
5) A TIREITOFHUIZ L DBEHRO B OV TR TV H 2o Lo b Z &0, RSz Z L i2oWTd
WET, FRNEFNOXEZFHAT, HTUIELZ2HDICO0ZE2FTLEEY, (OlFFNFN1 D29 D)

ETH HEY | &< F
zom | ST 2 5m | S
9 PRI b | A
T) fFk. RO B CEELN IR IR RN D D D T2 W DD
1 2 3 4
L//Cl/\éo
1) KOEENREL DTN, BEHREZBR TN TIE R0 &
2 1 2 3 4
RN D,
W)W%ﬁ@ CEN A B L0 EIROERICELET 20O TIE AR ; o 3 4
LB TWA,
) R IPEEOFERICET 2 MEE RS &, L THLARETRD, 1 2 3 4
) BRI B & WbiL D MBI A TV 272, o s ] o 3 4
R T2 (R 2 N2 T 72) R o 5,
B) FOHIBOERTHDLZ L&, DI NEEE WL ozl ] o 3 4
Tb\éo
) HEROMEREIZ -2 D I OWT, FIRE B RN LT, ] o 3 4
HOT-RERN D D,
7)) BB R P OB B & B NI < A3 DB 72, 1 2 3 4
7)) FRFEEO%, KESHTOKERE 2L hoTz, 1 2 3 4




6) BERLIBIC, WEHERIT £ 7o 13 b B

(1) fEREZEIZ >N T

OEKLUZIZ, /EREZHZ 5 T Lieh
1 ,§L,H_7L: 2 xj'fa?l/\ —> r(Z)J Aﬁ&f(fiélﬁo

A5 SR FIA IR E DD BN ET,

EL
U}u
i

OREFEZWIZOWT, ZFEb0Iz0ZE LT ZEN (O STYH),
7)) BIERDT O fEFERZ A

A1) EAARREFHC L 2B Em (T 7 Ay F) JIE

7) WIS E (R—ARTF 4 o2 —) HIE

T) ZOOREFEZ W

@B W 2 32 1 7= DXV T,

1 14D 2 18X V@I~ 24N 3 28X VET~3HELN
4  3ELXVHI~4ELN 5 44ELLER]

(2) #EE PSSO T
OZNFE TITHFHRIZCOWTO#MES - S %E2 5 0 L=
1 2 2 i —> T(3)] ~NEATIEEL,

QFENZENOFEEE - IASICHOVWT, 2T DIZ0EZ L TLZEEIN (OFW<HSTH),
7) EHTHELH S EROMmES - BS

A1) AN TOMEHEFRS

) ZINFERLOFELENWD & DS

) THHREHIE] & X 2HKE A~

Q@ —FRIIIZHEE S - AR EZZ T 20N> TT D,

1 14N 2  1H XA~ 24FELN 3 24FEX VAT~ 3FELN
4 SHELVEI~4FUN 5 4LLERT
(3) fEEERZEHE = - 2 B~DIT&E 07 &Izo0n T

%Hk\xiﬁw;%b%#\@%%ﬁ%ﬁﬂA-ﬁ%ﬁ SPY. HRTZODEATWAEFNL Enl b
WEEILCWE Lzhy, S 256121, —FBLWSEATE TOBBEAZH X T, W0 o R TR
T, O LTHONORNEAITIZ 999 28 A T ZEWN

[:::::] FooA— k< BN 999 B 7R




8. B, bRIETAH, HBEVRIREOEANRI LBRLIOVTRAVET, LHA-HEbHY
ET8, ERSREREMTIOIC) 85 ZEBBETT, L5LSBENLET,

1) HRIZOMERNEHZ TS TZE W,

1 5 % 2 & %

2) HRT-OBEOHFMEH XTI,

%

3) HARTIFBIETRHIFES N THET 2, (OlX12)

1 L TWD 2 BlFELTWS 3 BfELTWD
4 FEHILTWD 5 fEfsEL7-Z & 6 bbb Az =Ly

4) HRIZOFRMEFIREITRO ENTT ., (OlF12)

1 MeEET 2 mEE 8 JEA- WRPERS 4 K¥ER 5 KR

3

5) BEKREDRBETHENTND & bREICEL 5 A 5NN H Y 7, HHERIETOVESE 1 F/H o
WA (BlAZ) BB LZENS B TLED,  (Ol&12)

250 T 0 A 7au

250 7 LLE 500 15 A
500 J7 FHLL_E 750 J5 ARG
750 J5 2L _E 1000 J5 AT
1000 J7 LA 1

a » O N =

6) AFIE L BTSN TND ZFRAHRI 2 E D TIATT D,

A

7) BEOBEZTWVIIKRO ENUZHT=0 £30, 1 29BATOZDITTLEEY, (OlX12)

1 HE BbLERpE~v - ay) 5 EASESE - EHEEE
2 WEROEET S o o -

3 (RxfE= 7 Zofft ( )
4 &y brfEE

10




8) HRIFBAERMLHEELZ L CWETN, RBER FROFTH, BAE— e ETREDDFEIE
N D EREZLTEEY, (OlF12)

1 BTV D (ED - BE - = EWERA)

2 K TH 5

3 BTy (A - BTG - R 2 S A ET)

9. BEROBEFWVWOEIAIZE S TABLERZ L (H, &, miTROIESE), EROEERE) RHEE
HIZBEXLE I,

TN, BOBLESITINEL,

11



