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ABSTRACT 

Disaster-related relocation is associated with depression and post-traumatic stress 

disorder (PTSD), specifically in older adults. Disaster-related relocation often deprives 

disaster survivors of opportunities for group participation, potentially resulting in the 

deterioration of their mental health. This study explored the unproven mediation effects of 

disaster-related relocation on mental health via changes in group participation. I and co-

authors analyzed the pre/post-disaster dataset of functionally independent older adults from 

the Japan Gerontological Evaluation Study. Following the 2013 survey, a follow-up survey 

was conducted seven months after the 2016 Kumamoto earthquake and floods. We utilized 

the pre/post-disaster dataset to make a causal inference of the natural direct and indirect effect 

estimates of disaster-related relocation on the mental health of participants via changes in 

group participation (n = 828). Results of the inverse odds ratio-weighted mediation analyses 

indicated that compared to no relocation, the relative risk (RR) of developing major 

depressive episodes (MDE) as the natural direct effect estimate of relocation to temporary 

housing was 3.79 [95% confidence interval: 1.70–6.64]. However, the RR of the natural 

indirect effect estimate via renewed (either ceased or started) group participation on MDE 

was 0.60 [0.34–0.94]. No clear associations were observed in relation to PTSD symptoms. 
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The environment in the temporary housing built after the 2016 Kumamoto earthquake may 

have optimized social ties among residents, protecting them against depression.  
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1. INTRODUCTION 

1.1. Natural Disasters and Mental Health 

A disaster is defined as “a severe disruption, ecological and psychological, which 

greatly exceeds the coping capacity of the affected community” 1(p2). Disasters devastate 

people’s lives, resulting in a change in their living environments such as relocation, which 

subsequently affects their mental health. After disasters, mental health issues arise from 

various causes such as pre-existing mental health conditions, disaster-induced stress reactions, 

and complications with humanitarian aid 2, 3. These issues include but are not limited to post-

traumatic stress disorder (PTSD), depression (major depressive disorder), substance use 

disorder, and psychological symptoms, such as generalized anxiety disorder, sleep disruption, 

and prolonged grief disorder, and are prevalent among disaster-affected people 2, 3. In 

literature on post-disaster mental health, disasters are categorized into natural disasters (e.g., 

earthquakes, floods, hurricanes) and man-made disasters (e.g., technological disasters, 

terrorism, wars, and mass violence) 1, 2, 4, 5. This study focuses on the impact of natural 

disasters on mental health. Natural disasters, such as earthquakes, cause long-lasting 

impairments in the mental health of disaster-affected people, regardless of age 2, 4, 6-9. Changes 

in the living environment caused by natural disasters were found to be associated with the 
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onset of depression and PTSD, though the prevalence of PTSD tends to be lower than in cases 

of man-made disasters 2, 10, 11.  

In the short-term period following a disaster, while disaster-affected people equally 

experience distress, the recovery process varies among different individuals in the long term 2-

4, 12, 13. Regardless of the speed of recovery or the timing of the onset of mental health issues, 

disaster survivors generally experience the same course of changes in psychological states 

immediately following a disaster. Raphael 14 modeled the process of psychological response 

following natural disasters with regard to different time phases 15. Right after a disaster, 

affected people may feel fear or agitation (i.e., “warning” to “impact” phases) then become 

increasingly altruistic and cooperative with others (i.e., “honeymoon” phase). After that, in 

the long-term, they may feel anger, grief, and helplessness (i.e., “disillusionment” phase) 14. 

The “warning” and “impact” phases start immediately after the disaster occurs and last for a 

few days; the “honeymoon” phase lasts for a few months; and the final “disillusionment” 

phase may last for a few years 16.  

In terms of the Disaster Management Cycle 17, the “warning” to “impact,” 

“honeymoon,” and “disillusionment” phases approximately correspond to the “hyperacute 

phase” (within 72 hours) to “acute phase” (within seven days) , “subacute phase” (within one 

month), and “chronic phase” (within three years) or “silent phase” (three years after 
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disasters), respectively 16, 18-20. It is important to distinguish short-term (collectively called the 

“acute phase,” which includes the “hyperacute phase” to “subacute phase”) and long-term 

(collectively called the “medium- to long-term phase,” which includes the “chronic phase” to 

“silent phase”) 16, 18-20. As for psychological responses after natural disasters, short-term 

agitation may subside then turn into depression in the long term. While most disaster-affected 

people recover from mental health issues within one year, some continue to struggle with 

their mental health for several years after the disaster 2, 4, 6, 21. Thus, most disaster survivors 

are resilient or able to return to pre-disaster conditions naturally even without interventions by 

specialists, but those who continue to have difficulties need specialized psychiatric or 

psychological services 2-4, 12, 13. This phenomenon is referred to as “scissors-like differences” 

16, which points out polarization in psychological recovery, and studies on the trajectories of 

mental health support a similar trend 2, 21-23. As for mental health issues after natural disasters 

such as earthquakes, PTSD and depression were widely studied 9, 24. However, guidelines 3 

recommend not to excessively focus on PTSD while neglecting other serious mental health 

issues. For example, depression tended to prevail longer than PTSD among those affected by 

the Great East Japan Earthquake of 2011 9. This may be because the onset of PTSD may be 

brought on by damage immediately after a disaster (“acute stressors”), while the onset of 

depression is more likely to be affected by changes in living environments which occur after 
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the disaster (“secondary stressors” or “chronic stressors”) 2, 4, 6, 10. Therefore, important 

measures to prevent the onset and prolongation of mental health issues after disasters involves 

not only dealing with acute stressors but also diminishing secondary stressors. 

 

1.2. Impact of Natural Disasters on Older Adults’ Mental Health 

As mentioned above, natural disasters pose acute and secondary stressors on all 

affected people, but experiencing a natural disaster may be more harmful for vulnerable 

populations. Regardless of the vulnerability of disaster-affected areas according to place or 

building environment, identifying socially vulnerable people is important in order to provide 

them with intensive care following a disaster 25. Although the definition of socially vulnerable 

populations varies depending on the literature or guidelines 3, 12, 13, 25-28, older adults are 

generally included in this definition. In US literature, socially vulnerable populations include 

older adults, children, women, disabled people, those with health problems, lower 

socioeconomic status groups, immigrants, homeless people, and racial, ethnic, or sexual 

minorities 25. Similarly, in Japan, the existence of socially vulnerable populations during 

natural disasters has been recognized since the 1980s, and older adults, disabled people, 

foreigners, and pregnant women are among those listed as examples of vulnerable populations 

in need of assistance 26. 
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Compared to younger people, older adults are considered more susceptible to 

stressors after natural disasters. Literature mentions the following reasons for this: first, older 

adults tend to have functional limitations and sensory or cognitive impairments, which 

prevent them from seeking self-protecting measures; second, they are likely to have chronic 

diseases such as cardiovascular, respiratory, or renal diseases or diabetes, which need regular 

medication, and delays in prescription brought on by disasters leads to worsening health 

conditions; third, seeking help becomes difficult if they are socially isolated or economically 

disadvantaged 25, 29, 30 . In terms of mental health issues, a meta-analysis showed that for older 

adults, the odds ratio of PTSD was 2.11 and that of adjustment disorders was 1.73 compared 

with younger adults 24. In addition, evidence indicates that disrupted access to psychiatric 

medical care services was associated with an increased risk of depression in older adults after 

the Great East Japan Earthquake of 2011 31.  

 

1.3. Natural Disaster-Related Stressors and Mental Health  

1.3.1. Acute Stressors: Natural Disaster Damage and Mental Health 

 Immediately after natural disasters, people in the affected areas are exposed to 

several acute stressors. For example, many people may simultaneously experience threats to 

their lives, physical damage, witnessing the deaths of others, loss of family or friends, loss of 
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properties, and instability in communities 4. In large-scale disasters, the number of affected 

people is multiplied, and the social impact of the disaster could be so severe that it would take 

time for recovery. Acute stressors following disasters may possibly affect the mental health of 

disaster survivors because they often experience several sudden and unanticipated changes 

over a short period of time. Indeed, most acute stressors are regarded as stressful life events in 

literature; for example, death of a spouse or family and injuries or illnesses are ranked as 

highly stressful among other life events 32. Therefore, during the acute phases of disasters, 

affected people are at risk of acute stress reactions (ASRs) and/or acute stress disorders 

(ASD) 33. Although some who experience ASRs or ASDs may recover and these symptoms 

are not necessarily related to the onset of PTSD, others may develop PTSD after acute phases 

11, 33.  

Findings regarding the association between acute stressors and mental health vary 

among prior studies. For example, one study on the general population in Thailand affected 

by the 2004 Indian Ocean earthquake and tsunami found that the loss of family members and 

livelihood by tsunami were associated with the development of PTSD and depression two 

months after the disaster 34. On the other hand, one study on disaster-affected older adults 

showed that property damage was associated with enhanced depressive symptoms, but the 

death of family or friends had no clear associations with mental health issues two and a half 
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years after the Great East Japan Earthquake of 2011 31. The results indicate that the types of 

acute stressors that are associated with mental health issues may vary depending on age, while 

property damage may negatively impact mental health among disaster-affected people.   

 

1.3.2. Acute/Secondary Stressors: Natural Disaster-related Relocation and Mental Health 

Natural disaster-related relocation and changes in both physical and psychosocial 

environments (or socio-physical environment) accompanied by relocation may both affect the 

mental health of displaced disaster survivors 35-37. The impact of relocation may begin 

immediately after the disasters and may even continue in the long-term depending on the level 

of change in the socio-physical environment. In general, relocation is regarded as a stressful 

life event 32. However, during the silent phase, both positive and negative associations 

between relocation and mental health were observed for older adults 38. These results may be 

attributed to the difference between voluntary and involuntary relocation and changes in 

social relationships due to relocation. For example, voluntary relocation and the maintenance 

of social relationships before and after relocation can lead to positive mental health outcomes 

in older adults 39, 40. On the other hand, involuntary relocation accompanying forced 

displacement could have a negative impact on mental health. Most disaster-related relocation 
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is considered to be involuntary relocation (e.g., due to the collapse of a house) with possible 

negative impacts on mental health.  

Prior studies have reported the impact of disaster-related relocation on health issues 

such as depression 41-47 and PTSD 46, 48. Among older adults, the increased risks of depression 

41, 42, 45, 46 and PTSD 46 brought on by disaster-related relocation have been reported. In 

addition, several studies reported that due to changes in socio-physical environments 

attributable to relocation 35, 36, the social relationships of displaced people after disasters were 

also disrupted. For example, disaster-related relocation was associated with a decline in social 

contact with friends or neighbors and a decline in the perceived number of available social 

support in general disaster survivors after the 1999 earthquake in Turkey 47. Further 

investigation of the effects of changes in social relationships triggered by disaster relocation 

on mental health is necessary.  

Moreover, some post-earthquake studies in Japan indicated that the impacts of 

disaster-related relocation on mental health may differ according to relocation type 

(individual vs. group relocation) or the type of housing. At the time of the Great Hanshin-

Awaji Earthquake of 1995 and the Great East Japan Earthquake of 2011, the social isolation 

of individually relocated evacuees became a social issue 49, 50. Among the older adults 

affected by the latter earthquake, those who experienced individual relocation reported a 
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decline in “social cohesion” 50. In addition, higher risks of depression were prevalent among 

those who relocated to government-provided prefabricated temporary housing (hereinafter, 

referred to as “temporary housing”) than other types, such as private housing after the Great 

East Japan Earthquake of 2011 41, 51. In contrast, at the time of the Great East Japan 

Earthquake of 2011, some of the disaster-affected people experienced the government 

community-based group relocation program to the temporary housing complex that included 

others who came from the same pre-disaster community. In the case of group relocation, older 

adults frequently participated in social groups and had an abundance of social contact with 

friends 50. In addition, general disaster survivors who experienced group relocation to 

temporary housing tended to receive more social support than those who relocated 

individually 52.  

 

1.3.3. Secondary Stressors: Changes in Social Relationships after Natural Disasters and 
Mental Health 
 

Natural disasters are also known to disrupt social relationships, which may affect the 

mental health of all disaster-affected people, regardless of relocation status 4, 6, 37. In general, 

social relationships (or social connection) can be classified according to “structural,” 

“functional,” “quality,” or “resource” aspects (e.g., social capital) 53-55 . Structural aspects 
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include “social networks” and functional aspects include “social supports” 53-55. Social 

network is defined as “the web of social relationships that surround an individual and the 

characteristics of those ties” 56(p145) . Social support is defined as “aid and assistance 

exchanged through social relationships and interpersonal transactions” 57(p191). In general 

contexts (not necessarily limited to disasters), literature has reported that social relationships 

have an impact on mental health, along with physical health and health-related behaviors 58-65.  

I highlight three viewpoints with regard to macro-level changes in society, social 

relationships, and mental health, based on important theories derived from literature on public 

health. First, changes in society could reshape individual social relationships and thus affect 

individual mental health. Berkman et al. 56, 58 describe that macro-level “social change” 

shapes or activates social networks through frequent organizational participation or other 

factors. House et al. 64 also mentioned the possibility that macro-level changes in society 

would alter social relationships. Natural disasters would be no exception to social change, 

resulting in the restructuring of existing social relationships among individuals and affecting 

their mental health.  

Second, in terms of social relationships, the frequency of social interactions (or states 

of group participation) could affect the formation of social ties/networks and exchanges of 

social support afterwards. House et al. 62-64 depict models of the structural and functional 
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aspects of social relationships and health. These models imply that the existence of social ties 

or frequency of social interactions (i.e., social integration or social isolation) affect the 

structures of social networks and the functions of social relationships, such as social support. 

Similarly, Lin et al. 65 explain that within the domain of structural aspects of social 

relationships (i.e., “support structure”), group participation (i.e., “community participation”) 

affects social network (i.e., “network relations”), which leads to the formation of social ties 

(i.e., “intimate ties”) . Next, social supports (i.e. “support function”) are provided through that 

“support structure” 65. Berkman et al. 56, 58 also describe that social networks (i.e., structural 

aspects of social relationships) influence functional aspects of social relationships, such as 

social support. Therefore, frequent interactions with others or group participation could be 

regarded as the foundation of social ties or network formation, followed by exchanges of 

social support. Natural disasters may block social interactions or group participation and deter 

the overall process. 

Third, structural or functional aspects of social relationships affect mental health, as 

stated by Berkman et al. 56, 58, but each aspect is considered to influence mental health through 

different mechanisms. The main effect model and stress-buffering model are two commonly 

suggested explanatory models using different mechanisms 61-64. House et al. 62-64 and other 

literature reviews provide the following differences: structural measures such as social ties or 
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social integration were mostly directly associated with health (i.e., main effects), but 

functional measures such as perceived availability of social support buffered the effects of 

stress on mental health 66, 67. The implications are that structural aspects could independently 

affect mental health regardless of the existence of stressors, but functional aspects alleviate 

the negative impact of stressors on mental health in the presence of stressors, such as natural 

disasters.  

 In the context of natural disasters, prior studies reported that regardless of whether 

disaster-affected people were relocated or not, changes in social relationships had an impact 

on their mental health. With regard to changes in structural aspects, gaining neighborhood ties 

after a disaster reduced the risk of depression in older adults after the Great East Japan 

Earthquake of 2011 68, while a decrease in social contacts with neighbors or social isolation 

was associated with psychological distress in general disaster survivors after the 2004 

Niigata–Chuetsu earthquake in Japan and the Great East Japan Earthquake of 2011 43, 69. In 

addition, group participation mitigated the psychological distress of general disaster-affected 

people who relocated to temporary housing 51, 70. Participating in group exercise improved the 

severity of depression in older adults after the Great East Japan Earthquake of 2011 71. With 

regard to functional aspects, perceived availability of emotional social support on an 

individual and community level improved the severity of depression among the general 
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disaster-affected population relocated to temporary housing after the Great East Japan 

Earthquake of 2011 70. As for other aspects, pre-disaster individual and community level 

“social cohesion,” one of the quality aspects, was associated with a lower risk of PTSD 

among older adults after the Great East Japan Earthquake of 2011 72, and a decline in “social 

cohesion” on the individual level was weakly associated with a higher risk of major 

depressive episodes (MDE) among male older adults after the 2016 Kumamoto earthquake 73.  

 

1.4. Changes in Social Relationships after Natural Disasters: Unproven Potential Mediators 
between Natural Disaster-Related Relocation and Mental Health 

 

There may be mediating factors that can mitigate the negative impacts of natural 

disaster-related relocation on mental health of disaster-affected people, specifically older 

adults; however, no study to date has found any mediators. To reduce the burden of acute 

and/or secondary stressors resulting from natural disasters and disaster-related relocation, 

focusing on the social relationships of disaster-affected people as a target of intervention 

seems adequate, as stated in literature 4, 6, 37. However, only a few studies have simultaneously 

investigated associations among disaster-related relocation, changes in social relationships, 

and mental health 45, 51, 70, 74, 75. For example, literature shows that among general disaster 

survivors who relocated to temporary housing, group participation was seen as protective 



 17 

against psychological distress after the Great East Japan Earthquake of 2011, although a 

mechanism was not derived from causal mediation analysis 51, 70. Since group participation is 

the foundation of social ties/network formation, opportunities for group participation could be 

more significant for those who relocated after disasters than those who did not relocate in 

order to restore their social relationships which were disrupted by disaster-related relocation 

37, 75. In addition, the degree of change in the group participation of older adults could differ 

according to the type of relocation 50. Specifically, focusing on the difference between 

relocation to temporary housing and other types of housing could be important as government 

policies for temporary housing has changed since the Great East Japan Earthquake of 2011. 

For example, at the time of the 2016 Kumamoto earthquake, prefectural-level efforts were put 

into establishing building standards for temporary housing (called “Kumamoto Type 

Default”) 76 to maintain a comfortable socio-physical environment. Furthermore, temporary 

housing was designed carefully to encourage residents to meet, through the establishment of 

public gathering places following the concept of “Minna No Ie” (meaning “Home for All”), 

which was a project undertaken at the time of the Great East Japan Earthquake of 2011 77. 

Based on personal communications with the local government and public health staff 

members of Mifune Town (belonging to the Kumamoto Prefecture and among the affected 

areas of the 2016 Kumamoto earthquake), the town adopted the group relocation policy for 
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temporary housing and opened public gathering places in accessible distances to prevent 

social isolation among the relocated people. These administrative efforts at the time of the 

2016 Kumamoto earthquake may be reflected in the group participation status of residents in 

temporary housing. As group participation may spring from potential ties with relatives and 

acquaintances 56, 58, the group relocation policy of bringing together people from the same 

pre-disaster community may have maintained pre-disaster social relationships or group 

participation status. Alternatively, residents of temporary housing may begin engaging in 

group participation at public gathering places with new neighbors 78. Therefore, it is 

reasonable to consider the group participation of those who relocated to temporary housing as 

distinct from those who relocated to other types of housing, as a result of these efforts. It is 

worthwhile to evaluate the difference between relocation types (in terms of its importance in 

relation to changes in group participation after disaster-related relocation) as mediators for the 

negative impact of relocation on the mental health of older adults, as group participation that 

could be fostered by administrative efforts may be an appropriate target for intervention.  
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2. OBJECTIVES 

Integrating the ideas of the existing conceptual frameworks of social relationships 

and health mentioned in Section 1.1.3, as well as the related empirical evidence introduced 

above, the potential associations among disaster-related relocation, changes in social 

relationships (group participation), and mental health of disaster-affected people are 

summarized in Figure 1. While disaster-related relocation could directly affect mental health 

as suggested by previous studies 41-48 (the “direct effects,” the path [2] in Figure 1) 62-64 , I 

have hypothesized that the effects of disaster-related relocation follow an indirect pathway to 

mental health which is mediated by changes in group participation or “community 

participation” as proposed by Lin et al. 65 (the first half of the path [1] in Figure 1) . Changes 

in group participation may alter social networks and social ties (within the box of <structure> 

in Figure 1)56, 58, 61-65. After relocation, people may change their social relationships with the 

people they know, including their relatives and acquaintances 56, 58 and may also create new 

unanticipated relationships with their new neighbors 78. Although the association between 

group participation and mental health has been evaluated in some studies in the disaster 

context 51, 70, 71, the overall pathway of indirect effects [1] in Figure 1 from disaster-related 

relocation to mental health as mediated by changes in group participation has not been 

investigated. As stated earlier, specifically at the time of the 2016 Kumamoto earthquake, 
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administrative efforts for temporary housing such as the group relocation policy and the 

establishment of public gathering places may have influenced the group participation status of 

those who relocated to temporary housing. Thus, it is important to examine changes in group 

participation as mediators between disaster-related relocation and mental health according to 

types of housing; if the existence of mediation effects is elucidated, group participation may 

be an intervention target to protect the mental health of disaster-affected people. Therefore, 

the purpose of this study was to apply causal mediation analysis to longitudinal data to 

examine whether changes in group participation causally mediated the relationship between 

disaster-related relocation and mental health, by comparing types of housing. In this study, 

due to the administrative efforts on temporary housing at the time of the 2016 Kumamoto 

earthquake, the types of housing (temporary vs. other types of housing) reflected patterns of 

relocation (group vs. individual relocation) and the socio-physical environment of residences. 

In conducting the causal mediation analyses, I hypothesized that disaster-related relocation 

may increase the risks of mental health issues of older adults as a direct effect, 41, 42, 45, 46 and 

changes in group participation may act as a stressor for older adults (who generally have 

difficulties adjusting to new environments 39, 40) and the mediator for the negative impact of 

the relocation, which may increase the risks of mental health issues as an indirect effect. 

However, I also hypothesized that the importance of the mediator is smaller in the case of 
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relocation to temporary housing than relocation to other types of housing. In temporary 

housing, most of the changes in group participation may be a result of started group 

participation 50 fostered by the administrative efforts such as group relocation policies and 

public gathering places, but in other types of housing, most of the changes may be due to 

ceased group participation. While there is another path from social networks or ties to social 

support that buffers the detrimental effects of disaster-related stressors on mental health 

(Stress-Buffering Model) 2, 4, 56, 58, 61-65, 79, 80 in Figure 1, I did not explicitly investigate this 

path as other empirical studies have already suggested the existence of the path, 70, 81 and 

social support may not be the mediator as implied by other studies 74, 82. 

  

Figure 1: Hypothetical social relationships and health model of this study. 
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3. METHODS 

3.1. Study Design, Settings and Participants 

For this study, I and co-authors utilized longitudinal data extracted from a 

prospective cohort study called the Japan Gerontological Evaluation Study (JAGES) 83, 84. 

The study site was the Mifune Town of Kumamoto Prefecture in Japan (Figure 2). The 

population of Mifune Town was 17,237 people from 6,317 households, and the population 

aging rate was 31.6% (5,440 were aged ≥ 65 years) in the 2015 census year 85. The town was 

affected by the 2016 Kumamoto earthquake. Kumamoto and nearby prefectures were hit by 

earthquakes and consecutive aftershocks in April 2016, and two major earthquakes of 

magnitude (Mw) 6.2 and 7.2 occurred on April 14 and 16, respectively 86. As a consequence 

of the Kumamoto earthquake in Mifune Town, seven people lost their lives, 4,640 houses 

were damaged, and 6,191 people were evacuated 87. Moreover, a flood occurred 

coincidentally on June 20, 2016, and 66 houses were damaged or inundated 88.  
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Figure 2: Map of Mifune Town, Kumamoto Prefecture in Japan, 2013–2016. Point A is the 
epicenter of the Kumamoto Earthquake on April 14, 2016. Point B is the epicenter of the 
Kumamoto Earthquake on April 16, 2016 89. 
 

We used a pre/post-disaster dataset of Mifune Town using the mail-based 

questionnaire survey of the JAGES datasets of 2013 (30 months before the Kumamoto 

earthquake) and 2016 (seven months after the earthquake or early “chronic phase” in the 

Disaster Management Cycle) 16, 18-20. We also connected geographical and demographic 

information (area slope and population density calculated by district levels) 90 to the dataset.  
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We leveraged the pre/post-disaster dataset as the 2016 Kumamoto earthquake and the 

2016 flood hit between the two waves of the JAGES surveys conducted every three years. 

Mifune Town had not experienced major earthquakes for nearly 80 years until the foreshock 

of the 2016 Kumamoto earthquake 91, and the earthquake was presumed to be an 

unpredictable event for most of the residents. Therefore, we treated these events as exogenous 

shocks, and the pre/post-disaster dataset allowed us to estimate the effects with minimum 

recall bias.  

 The study population of the JAGES was functionally independent adults (aged ≥ 65 

years). Mifune Town distributed questionnaires to half of the randomly sampled population 

during baseline, 2013 (n = 2,000), and to the whole study population in 2016 (n = 4,821). The 

response rate was 71.9% (n = 1,432) in 2013 and 64.4% (n = 3,104) in 2016. In this study, we 

limited the data to those who lived in Mifune Town, both in 2013 and 2016, and responded to 

both waves. Respondents who had invalid gender and/or age responses, were lost to follow-

up, or had no baseline response were excluded, and the final respondents included in the 

analyses were determined (n = 828) (Figure 3).  
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Figure 3: Flowchart of the selection of the respondents included in the analyses (n = 828), 
Mifune, Japan, 2013–2016. The source population a contains older adults (≥ 65 years old) 
from Mifune during each survey year. The study population b contains older adults (≥ 65 
years old) of the source population, without certification of long-term care needs, from 
Mifune in each survey year.   
 

3.2. Outcomes 

We tested two mental health issues: major depressive episodes (MDE) and PTSD 

symptoms. These were measured using the Screening Questionnaire for Disaster Mental 

Health (SQD) 92, 93, which was also used in another study of the Kumamoto earthquake 73. 

The SQD was developed 93 based on the Post-Traumatic Symptom Scale 94 and the 

Diagnostic and Statistical Manual of Mental Disorders Fourth Edition (DSM-IV) 95. The SQD 

consisted of nine items on PTSD (SQD-P) and six items on MDE (SQD-D), which were 
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validated 93 against the Clinician Administered PTSD Scale 96 and the Structured Clinical 

Interview for DSM-III-R Major Depression Section 97, respectively. The receiver operating 

characteristic curves and its standard error (SE) for the SQD-P and SQD-D were 0.91 (SE = 

0.04) and 0.94 (SE = 0.03) 93. We followed the cut-offs from guideline 92 , and adopted the 

cut-off for PTSD symptoms as five or more SQD scores, which included at least one 

symptom of intrusion, and for MDE as four or more scores, either with depressed mood or 

diminished interest. All the outcomes were binary variables. In addition, depressive 

symptoms were measured using the 15-item Geriatric Depression Scale (GDS-15) 98 with a 

cut-off score of five (GDS ≥ 5)31, 41, 99, 100.  

 

3.3. Exposures 

The exposure was a categorical variable of the three states that indicated relocation to 

temporary housing, relocation to other types of housing, and no relocation after the 2016 

Kumamoto earthquake or floods in 2016. Temporary housing built after the earthquake 

opened for disaster-affected people from June 5, 2016 101. Other types of housing included 

public rental housing, private rental housing, privately owned houses, or others stated by 

respondents. Based on personal communication with the town government and public health 

staff members at Mifune, Mifune Town adopted a group relocation policy for those who 
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relocated to temporary housing and set up public gathering places for temporary housing 

complexes. The total number of the temporary housing complexes in Mifune Town was 21, 

consisting of 425 units. Therefore, we concluded that the majority of the relocation to 

temporary housing was group relocation, and relocation to the other types of housing was 

individual relocation, including voluntary movement to the places found by disaster survivors 

themselves. 

 

3.4. Potential Mediators 

In this study, to use the measurement of change in group participation as a mediator, 

we defined group participation as belongingness to any social group. Specifically, we defined 

it as whether or not a person participated in any one of the following social groups at least a 

few times a year: volunteer groups, sports groups or clubs, hobby activity groups, senior 

citizen clubs, community associations, study or cultural groups, nursing care prevention 

activities, or activities that taught skills or passed experiences to others 102. If one belonged to 

any social group before and no longer participated after the Kumamoto earthquake, their state 

of group participation was considered “ceased.” Inversely, if one belonged to no group before 

and joined any group after the earthquake, their state of group participation was considered 

“started.” If one kept the same group participation before and after the earthquake, their state 
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remained “sustained.” Thus, we focused on changes in group participation in terms of the 

change from the presence to the absence of any social group to which each participant 

belongs and vice versa. This was because changes regarding the presence or absence of group 

participation could be directly linked to gaining or losing opportunities for forming social 

networks or social ties. This in turn could be critical for relocated people who may have 

experienced a disruption of social relationships after disaster-related relocation and have a 

need to restore their social networks 37, 75.  

 

3.5. Covariates 

We included the covariates of the baseline personal or regional characteristics from 

2013. Baseline personal characteristics included gender 73, age 69, 103, equivalent household 

income (<	200 million yen (low income): under the mean of older adults’ households in 2013 

104), years of education (≤	9 years of compulsory education indicated low education) 47, 103, 

lived alone or not, had an illness or not 103, 105, had a job or not 69, had group participation or 

not, and had depressive symptoms based on cut-offs of GDS scores as not depressed (0-4), 

moderately depressed (5-9), and depressed (10-15) 100. Baseline regional characteristics 

included standardized population density (originally, person/km2) 90 and standardized area 

slope (originally, %) 90. Original data of the population density and area slope were measured 
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at the district level (called “Oaza”) of the town. We displayed these regional characteristics on 

maps at “Oaza” level, using ArcGIS Pro 2.8 (Esri, Redlands, CA, USA; Figure 4, Figure 5). 

As shown in the maps, the western part of the town was flatter with a higher population 

density, and the eastern part was more mountainous with a lower population density. We also 

adjusted for disaster damage obtained from the follow-up survey in 2016, such as housing 

damage based on the administrative criteria (“totally-collapsed” vs. “almost-collapsed” vs. 

“half-collapsed” vs. “minor damage” vs. “no damage”) and farmland damage based on self-

report (“severely-damaged” vs. “partially-damaged” vs. “no damage or no farmland”).  
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Figure 4: Population Density of Mifune Town, Kumamoto Prefecture in Japan, 2013–2016. 
Point A is the epicenter of the Kumamoto Earthquake on April 14, 2016. Point B is the 
epicenter of the Kumamoto Earthquake on April 16, 2016 89. SD is standard deviation. 
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Figure 5: Area Slope of Mifune Town, Kumamoto Prefecture in Japan, 2013–2016. Point A 
is the epicenter of the Kumamoto Earthquake on April 14, 2016. Point B is the epicenter of 
the Kumamoto Earthquake on April 16, 2016 89. SD is standard deviation. 
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3.6. Statistical Methods 

The hypothetical causal model for this study is summarized in Figure 6. We assumed 

that in this causal model, baseline covariates, exposure, potential mediators, and outcomes 

would be consistent with the chronological order and that there was no exposure-induced 

mediator-outcome confounder 106. It should be noted that exposure, potential mediators, and 

outcomes were measured during the same wave (second). However, the relocation started at 

least five months before the second wave, around the time when temporary housing opened. 

Additionally, we assumed that changes in group participation occurred immediately after 

disaster-related relocation, as the result of the disruption of community structures induced by 

the displacement of people 37, 50. As the onset of mental health issues does not necessarily 

follow disasters immediately, and with reviews suggesting that psychological symptoms after 

disasters peak in the first year 4, 8, we assumed that people may experience mental health 

issues after exposure to multiple stressors induced by disasters. Therefore, we hypothesized 

that in disaster-related relocation, changes in group participation and mental health issues 

occurred in chronological order. The distribution of the exposure and occurrence of disaster-

related relocation were nearly randomized since the earthquake and the flood hit the area 

indiscriminately.  
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Figure 6: Hypothetical paths tested and the variables modelled in this study for the 
respondents included in the analyses (n = 828), Mifune, Japan, 2013–2016. 

 

We conducted a first-leg analysis to compare the pre/post-disaster differences of 

group participation by relocation type (relocation to temporary housing vs. other types of 

housing; group relocation vs. individual relocation) to confirm whether a similar trend was 

observed, as in a previous study 50. Specifically, we conducted a multinomial logistic 

regression for “ceased” or “started” group participation on relocation type and Poisson 

regression for “renewed” (either “ceased” or “started”) group participation on relocation type. 

We included the relocation type because the socio-physical environments after relocation 

could vary. In particular, relocation to temporary housing reflected Mifune Town’s policies, 

such as group relocation and the setting of public gathering places. Accordingly, the 
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associations between changes in group participation and relocation may vary according to the 

relocation type.  

We conducted causal mediation analyses based on the inverse odds ratio-weighted 

(IORW) method 107, 108. The IORW method has been applied in the examination of relocation 

and mediation effects of the Moving to Opportunity projects on adolescents’ health in the US, 

107, 109-111 and several flexibilities of the model or variable selection suitable for our analyses 

were allowed. The IORW method has several strengths in the mediation analysis. First, it 

allowed for a wider flexibility for the selection of regression models, and multiple mediators 

or any types of variables can be included in models 107, 110, 112. Second, interactions between 

exposure and mediators were allowed because they were condensed into weights after 

controlling for covariates 107, 109. Third, the model specification was practically more feasible 

because we only needed an assumption of exposure variable distribution 112. Thus, we applied 

this method to confirm the relocation and mediation effects of disaster-related relocation on 

older adults’ mental health. We referred to a practical guideline 107 and adopted the inverse 

odds weight (IOW) for the analyses. Weights for categorical exposure (each relocation type) 

were calculated using a multinomial logistic regression 113 to derive weights for 3-type 

categorical exposure variables, and the weights were applied in the Poisson regression to 

derive the effect estimates. Overall, we approximated the effect estimates of relative risk (RR) 
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for Poisson regressions 114 and bootstrapped the effect estimates 1,000 times to derive a bias-

corrected 95% confidence interval (CI) 107. The estimates included the total effect (i.e., an 

overall change in a counterfactual outcome due to a change in exposure with reference to 

another level) 106, 115 and the natural direct effect (i.e., a change in a counterfactual outcome 

due to a change in exposure, if a mediator did not intercept) 115-117 derived from unweighted 

and weighted Poisson regressions, respectively 107. Subsequently, we calculated the natural 

indirect effect (i.e., a change in a counterfactual outcome due to exposure via a change in a 

mediator) 106, 115-117 estimate by subtracting the coefficient of the natural direct effect estimate 

from the coefficient of the total effect estimate 107, 108, 115, 118, as the total effect could be the 

sum of the natural direct effect and the natural indirect effect, even in non-linear models, in 

the counterfactual-based approach 106, 115. The steps for the calculation mentioned above are 

summarized in the Flowchart.  
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Flowchart: Calculation steps of the mediation analysis by inverse odds weight for 3-level 
exposures based on the practical guidance of Nguyen et al. 107 (from step 1 to step 5 with 
some modifications) 
 

In the mediation analyses of this study, we included a binary variable, “renewed” 

(either “ceased” or “started”) group participation, as the mediator, which referred to the 

“sustained” state. We integrated “ceased” and “started” into one category (“renewed”) to 

avoid ceiling or floor effects of the variables, since those who belonged to no group could not 

“cease” group participation and those who already belonged to any group could not “start” it. 

Thus, we tested how changes in group participation mediated the relationship between 

relocation exposure and mental health issues. Additionally, we set the no-relocation group as 

a reference and compared the results of relocation to temporary housing and other types of 

housing. 

Ø Mediation Analysis by Inverse Odds Weight for 3-Level Exposures

1) We calculated Inverse Odds Weight (IOW) by multinomial logistic regressions of 
an exposure (A) on a mediator (M) and covariates (C).

2) We estimated the total effect from unweighted Poisson regressions of an outcome 
(Y) on an exposure (A) and covariates (C). 

3) Additionally, we used IOW and estimated the natural direct effect from weighted 
Poisson regressions of an outcome (Y) on an exposure (A) and covariates (C).

4) Next, for the effect decomposition, we subtracted the coefficient of the natural 
direct effect estimate from the coefficient of the total effect estimate and derived the 
coefficient of the natural indirect effect estimate.
(i.e., log$%& = log (& − log$*& )

5) Thereafter, we bootstrapped the effect estimates for 1,000 times and derived bias-
corrected 95% Confidence Interval for the natural indirect effect, the natural direct 
effect, and the total effect estimates. 
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For sensitivity analyses, we tested models which included one mediator each of 

“ceased” or “started” group participation separately in mediation analyses to examine 

directionalities. Moreover, we conducted a mediation analysis for depressive symptoms 

measured by the GDS, alternatively to MDE.  

For all the analyses, based on the assumption of missing at random (MAR), we used 

datasets where variables included in the regressions were imputed by multiple imputation by 

chained equation (MICE). We assumed missing at random and utilized 20 imputed datasets 

by MICE. All analyses were conducted using STATA version 14.2 (StataCorp, College 

Station, TX, USA). 

 

4. RESULTS 

The summary statistics of the respondents included in the analyses by relocation type 

before imputation are shown in Table 1. For those who relocated to temporary or other types 

of housing, or those who did not relocate, the proportions of MDE were 34.0% vs. 23.0% vs. 

10.2%, respectively. The proportions of PTSD symptoms were 34.0% vs. 36.5% vs. 20.1%, 

respectively. The proportions of depression measured by GDS were 32.1% vs. 24.3% vs. 

15.3% (at the baseline, 22.6% vs. 10.8% vs. 14.8%, in the aggregated proportions of those 

who were “moderately depressed” and “depressed”), respectively. In terms of change in group 
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participation, the proportions of those who ceased group participation were 5.7% vs. 10.8% 

vs. 4.5%, respectively. The proportions of those who started group participation were 5.7% 

vs. 2.7% vs. 4.4%, and the proportions of those who sustained the former group participation 

status were 37.7% vs. 39.2% vs. 47.5%, respectively. At the baseline, the proportions of no 

group participation were 20.8% vs. 18.9% vs. 18.4%. As for the socio-economic differences 

in baseline personal characteristics, the proportions of those of female gender were 56.6% vs. 

67.6% vs. 53.2%, those of age 75 or over were 43.4% vs. 39.2% vs. 36.9%, those with low 

income were 52.8% vs. 44.6% vs. 50.0%, those with low education were 43.4% vs. 35.1% vs. 

39.0%, those living alone were 5.7% vs. 12.2% vs. 10.0%, those with illness were 81.1% vs. 

70.3% vs. 79.7%, and those with no job were 64.2% vs. 63.5% vs. 69.1%, respectively. As for 

baseline regional characteristics, the means of population density (person/km2) were 3396.1 

vs. 3464.4 vs. 3280.6, respectively, and the means of area slope (%) were 12.3 vs. 10.0 vs. 

14.3, respectively. As for differences in disaster damage, the proportions of housing damage 

(aggregation from “minor damages” to “totally-collapsed”) were 94.3% vs. 95.9% vs. 82.0%, 

and the proportions of farmland damage (aggregation of “partially-damaged” and “severely-

damaged”) were 26.4% vs. 18.9% vs. 19.1%, respectively. On the other hand, upon 

comparing between the participants included in the analyses (n = 828) and non-participants, 

who were lost to follow-up (n = 476), the prevalence of depression (the aggregated 
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proportions of those who were “moderately depressed” and “depressed”) at baseline was 

14.6% among participants in all waves and that of non-participants of the follow-up survey 

was 22.9% (Table 2). Thus, depressed people may have been selectively lost to follow-up. In 

addition, for participants and non-participants, the proportions of no group participation at 

baseline were 18.4% vs. 23.9%. In terms of socio-economic differences in baseline personal 

characteristics, the proportions of females were 56.4% vs. 49.2%, those of age 75 or over 

were 40.9% vs. 59.5%, those with low income were 51.0% vs. 49.4%, those with low 

education were 40.8% vs. 49.4%, those living alone were 10.6% vs. 14.5%, those with illness 

were 79.3% vs. 82.4%, and those with no job were 67.3% vs. 67.2%. As for baseline regional 

characteristics, the means of population density (person/km2) were 3289.0 vs. 3240.6, and the 

means of area slope (%) were 14.3 vs. 15.3. 

The first-leg analysis showed that relocation to temporary housing and other types of 

housing were both positively associated with ceased group participation compared to no 

relocation [for relocation to temporary housing, RR = 2.89, 95% CI: 1.35–6.19; for relocation 

to other types of housing, RR = 10.32, 95% CI: 3.21–32.22] (Table 3). Similarly, relocation to 

other types of housing was negatively associated with started group participation [RR = 0.12, 

95% CI: 0.00–0.73] (relocation to temporary housing showed the same direction [RR = 0.53, 

95% CI: 0.01–1.73]). Renewed (either ceased or started) group participation was positively 
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associated with relocation to other types of housing [RR = 2.14, 95% CI: 1.43–3.85] 

(relocation to temporary housing displayed the same direction [RR = 1.37, 95% CI: 0.97–

2.08]). It should be noted that the results should be interpreted with caution as status of group 

participation has a ceiling or a floor, and because no group participation at baseline (one of 

the adjusted covariates) has high probability of having multicollinearity. 

 The main results of the mediation analyses showed that for relocation to temporary 

housing, the RR for the natural indirect effect estimate of relocation via renewed group 

participation on MDE was 0.60 [95% CI: 0.34–0.94] (Table 4). The RR for the natural direct 

effect estimate of relocation on MDE was 3.79 [95% CI: 1.70–6.64]. No clear natural indirect 

effect estimate or natural direct effect estimate was observed for the outcome of PTSD 

symptoms, although the directionalities of the effect estimates were the same as those of the 

MDE outcome [for natural indirect effect, RR = 0.70, 95% CI: 0.38–1.16; for natural direct 

effect, RR = 2.02, 95% CI: 0.90–3.56]. Alternatively, no clear natural indirect effect was 

observed in relocation to other types of housing [for MDE, RR = 0.97, 95% CI: 0.62–1.95; for 

PTSD symptoms, RR = 1.05, 95% CI: 0.70–1.57]. Additionally, the natural direct effect 

estimate of relocation to other types of housing was not clear, while directionalities may 

indicate increased risks for MDE and PTSD symptoms [for MDE, RR = 1.62, 95% CI: 0.59–

3.16; for PTSD symptoms, RR = 1.44, 95% CI: 0.77–2.30].  
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For the sensitivity analyses, we included the mediators of ceased or started group 

participation separately for the outcome of MDE (Table 5) and PTSD symptoms (Table 6) to 

examine the directionalities of each mediator. The results of this separate mediator analysis 

were not comparable with the result of the mediator of “renewed group participation” due to 

the differences in references. However, we found that both ceased and started group 

participation showed a clear natural indirect effect estimate that may attenuate risk of MDE 

[for the ceased group, RR = 0.59, 95% CI: 0.31–0.93; for the started group, RR = 0.61, 95% 

CI: 0.39–0.89] and a natural direct effect estimate that may increase risk of MDE in terms of 

relocation to temporary housing [for the ceased group, RR = 3.88, 95% CI: 1.89–8.09; for the 

started group, RR = 3.75, 95% CI: 1.61–6.43]. Similarly, no clear natural indirect effect 

estimate [for the ceased group, RR = 0.98, 95% CI: 0.62–1.89; for the started group, RR = 

1.16, 95% CI: 0.73–2.36] or natural direct effect estimate [for the ceased group, RR = 1.60, 

95% CI: 0.61–3.04; for the started group, RR = 1.36, 95% CI: 0.45–2.64] was observed in 

terms of relocation to other types of housing. Both types of relocation showed no clear 

associations with the outcome of PTSD symptoms. 

Moreover, the result of another mediation analysis that used the GDS as an 

alternative measure of depression (GDS ≥ 5) (Table 7) showed that for relocation to 

temporary housing, no clear natural indirect effect estimate was observed [RR = 0.80, 95% 
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CI: 0.49–1.24], but the directionality was the same as the natural indirect effect estimate of 

the previous mediation analysis for MDE (Table 4). The RR for the natural direct effect 

estimate was 2.09 [95% CI: 1.15–3.33], which was in the same direction as that of MDE. 

Likewise, for relocation to other types of housing, no clear natural indirect effect estimate 

[RR = 0.94, 95% CI: 0.69–1.33] or natural direct effect estimate was observed [RR = 1.80, 

95% CI: 0.97–3.28].  
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Table 1: Summary Statistics of the Participants (n = 828) by 3-types of Relocation Exposure (Before Imputation), Mifune, Japan, 2013–2016 
 3-types of relocation exposure (missing: n = 173) 

Total a  
(n = 828) 

 
no relocation 
(n = 528) 

relocation to  
temporary housing  
(n = 53) 

relocation to  
other types of housing 
(n = 74) 

 n % Mean  SD n % Mean  SD n % Mean  SD n % Mean  SD 
                 
OUTCOMES                 
MDE 54 10.2%     18 34.0%     17 23.0%     108 13.0%     
no MDE 452 85.6%     34 64.2%     56 75.7%     676 81.6%     
(missing) 22 4.2%     1 1.9%     1 1.4%     44 5.3%     
PTSD symptoms 106 20.1%     18 34.0%     27 36.5%     183 22.1%     
no PTSD symptoms 399 75.6%     33 62.3%     45 60.8%     592 71.5%     
(missing) 23 4.4%     2 3.8%     2 2.7%     53 6.4%     
depression (GDS≥5) 81 15.3%     17 32.1%     18 24.3%     148 17.9%     
no depression 355 67.2%     22 41.5%     35 47.3%     503 60.7%     
(missing) 92 17.4%     14 26.4%     21 28.4%     177 21.4%     
                 
                 
POTENTIAL 
MEDIATORS 

                

change in group 
participation:                                 

renewed (ceased) 24 4.5%     3 5.7%     8 10.8%     43 5.2%     
renewed (started) 23 4.4%     3 5.7%     2 2.7%     36 4.3%     
sustained 251 47.5%     20 37.7%     29 39.2%     348 42.0%     
(missing) 230 43.6%     27 50.9%     35 47.3%     401 48.4%     
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 3-types of relocation exposure (missing: n = 173) 

Total a  
(n = 828) 

 
no relocation 
(n = 528) 

relocation to  
temporary housing  
(n = 53) 

relocation to  
other types of housing 
(n = 74) 

 n % Mean  SD n % Mean  SD n % Mean  SD n % Mean  SD 
                 
COVARIATES                 
baseline personal 
characteristics (before 
earthquake) 

                

gender:                 
female 281 53.2%     30 56.6%     50 67.6%     467 56.4%     
male 247 46.8%     23 43.4%     24 32.4%     361 43.6%     
(missing) 0 0.0%     0 0.0%     0 0.0%     0 0.0%     
age:                 
65-69 156 29.5%     11 20.8%     20 27.0%     230 27.8%     
70-74 177 33.5%     19 35.8%     25 33.8%     259 31.3%     
75-79 99 18.8%     12 22.6%     15 20.3%     173 20.9%     
80-84 70 13.3%     8 15.1%     8 10.8%     112 13.5%     
85+ 26 4.9%     3 5.7%     6 8.1%     54 6.5%     
(missing) 0 0.0%     0 0.0%     0 0.0%     0 0.0%     
                 
low income 
(< 200 million yen) 

264 50.0%     28 52.8%     33 44.6%     422 51.0%     

not low income 161 30.5%     16 30.2%     22 29.7%     224 27.1%     
(missing) 103 19.5%     9 17.0%     19 25.7%     182 22.0%     
low education (< 9 years) 206 39.0%     23 43.4%     26 35.1%     338 40.8%     
not low education 307 58.1%     28 52.8%     47 63.5%     469 56.6%     
(missing) 15 2.8%     2 3.8%     1 1.4%     21 2.5%     
living alone 53 10.0%     3 5.7%     9 12.2%     88 10.6%     
not living alone 428 81.1%     49 92.5%     63 85.1%     676 81.6%     
(missing) 47 8.9%     1 1.9%     2 2.7%     64 7.7%     
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 3-types of relocation exposure (missing: n = 173) 

Total a  
(n = 828) 

 
no relocation 
(n = 528) 

relocation to  
temporary housing  
(n = 53) 

relocation to  
other types of housing 
(n = 74) 

 n % Mean  SD n % Mean  SD n % Mean  SD n % Mean  SD 
                 
no illness 67 12.7%     7 13.2%     14 18.9%     108 13.0%     
with illness 421 79.7%     43 81.1%     52 70.3%     657 79.3%     
(missing) 40 7.6%     3 5.7%     8 10.8%     63 7.6%     
no job 365 69.1%     34 64.2%     47 63.5%     557 67.3%     
with job 101 19.1%     13 24.5%     17 23.0%     160 19.3%     
(missing) 62 11.7%     6 11.3%     10 13.5%     111 13.4%     
no group participation at 
baseline 

97 18.4%     11 20.8%     14 18.9%     152 18.4%     

with group participation 
at baseline 

309 58.5%     30 56.6%     42 56.8%     463 55.9%     

(missing) 122 23.1%     12 22.6%     18 24.3%     213 25.7%     
depressive symptoms at 
baseline:                                 

not depressed 371 70.3%     35 66.0%     54 73.0%     568 68.6%     
moderately depressed 61 11.6%     11 20.8%     6 8.1%     96 11.6%     
depressed 17 3.2%     1 1.9%     2 2.7%     25 3.0%     
(missing) 79 15.0%     6 11.3%     12 16.2%     139 16.8%     
                 
                 
baseline regional 
characteristics (before 
earthquake) 

                

population density 
(person/km2) b 

528  3280.6  862.5  53  3396.1  745.7  74  3464.4  792.6  828  3289.0  847.5  

area slope (%) b 528  14.3  9.0  53  12.3  9.3  74  10.0  7.0  828  14.3  9.1  
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 3-types of relocation exposure (missing: n = 173) 

Total a  
(n = 828) 

 
no relocation 
(n = 528) 

relocation to  
temporary housing  
(n = 53) 

relocation to  
other types of housing 
(n = 74) 

 n % Mean  SD n % Mean  SD n % Mean  SD n % Mean  SD 
                 
                 
disaster damage (after 
earthquake) 

                

housing damage:                  
no damage 90 17.0%     3 5.7%     2 2.7%     135 16.3%     
minor damages 233 44.1%     1 1.9%     6 8.1%     296 35.7%     
half-collapsed 171 32.4%     23 43.4%     21 28.4%     238 28.7%     
almost-collapsed 23 4.4%     9 17.0%     15 20.3%     52 6.3%     
totally-collapsed 6 1.1%     17 32.1%     29 39.2%     56 6.8%     
(missing) 5 0.9%     0 0.0%     1 1.4%     51 6.2%     
farmland damage:                 
no damage/no farmland 304 57.6%     22 41.5%     36 48.6%     407 49.2%     
partially-damaged 64 12.1%     7 13.2%     6 8.1%     89 10.7%     
severely-damaged 37 7.0%     7 13.2%     8 10.8%     58 7.0%     
(missing) 123 23.3%     17 32.1%     24 32.4%     274 33.1%     
Abbreviations: SD, standard deviation 
a Total number (N) is not equal to the summation of the left three columns because it includes participants with missing relocation variable (n = 173) 
b Variables are standardized after multiple imputation to avoid multicollinearity and for ease of interpretation 
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Table 2: Summary Statistics of Comparison between the Participants included in the analyses 
(n = 828) and Non-Participants (n = 476) (Before Imputation), Mifune, Japan, 2013–2016 
 Participants a (n = 828) Non-Participants b (n = 476) 
 n % Mean SD n % Mean SD 
         
COVARIATES         
baseline personal 
characteristics 
(before earthquake) 

        

gender:                 
female 467 56.4%     234 49.2%     
male 361 43.6%     242 50.8%     
(missing) 0 0.0%     0 0.0%     
age:         
65-69 230 27.8%     77 16.2%     
70-74 259 31.3%     116 24.4%     
75-79 173 20.9%     113 23.7%     
80-84 112 13.5%     93 19.5%     
85+ 54 6.5%     77 16.2%     
(missing) 0 0.0%     0 0.0%     
low income 
(< 200 million yen) 

422 51.0%     235 49.4%     

not low income 224 27.1%     99 20.8%     
(missing) 182 22.0%     142 29.8%     
low education 
(< 9 years) 

338 40.8%     235 49.4%     

not low education 469 56.6%     220 46.2%     
(missing) 21 2.5%     21 4.4%     
living alone 88 10.6%     69 14.5%     
not living alone 676 81.6%     360 75.6%     
(missing) 64 7.7%     47 9.9%     
no illness 108 13.0%     47 9.9%     
with illness 657 79.3%     392 82.4%     
(missing) 63 7.6%     37 7.8%     
no job 557 67.3%     320 67.2%     
with job 160 19.3%     73 15.3%     
(missing) 111 13.4%     83 17.4%     
no group 
participation  
at baseline 

152 18.4%     114 23.9%     

with group 
participation  
at baseline 

463 55.9%     225 47.3%     

(missing) 213 25.7%     137 28.8%     
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 Participants a (n = 828) Non-Participants b (n = 476) 
 n % Mean SD n % Mean SD 
         
depressive 
symptoms at 
baseline: 

                

not depressed 568 68.6%     261 54.8%     
moderately 
depressed 96 11.6%     80 16.8%     

depressed 25 3.0%     29 6.1%     
(missing) 139 16.8%     106 22.3%     
baseline regional 
characteristics 
(before earthquake) 

        

Population density 
(person/km2) c 

828  3289.0  847.5  472  3240.6  881.1  

area slope (%) c 828  14.3  9.1  472  15.3  8.7  
Abbreviations: SD, standard deviation 
a Participants: those who participated both the baseline survey in 2013 and the follow-up 
survey in 2016 
b Non-participants: those who participated only the baseline survey in 2013 and did not 
participate the follow-up survey in 2016 
c Variables are standardized after multiple imputations to avoid multicollinearity and for 
ease of interpretation 

 

  



 49 

Table 3: Relative Risks with 95% Confidence Intervals: Results of First-leg Analysis of Multinomial Logistic Regression or Poisson Regression 

with Multiple Imputation by Chained Equation for Ceased, Started, or Renewed (Ceased or Started) Group Participation on Types of Relocation 

(n = 828), Mifune, Japan, 2013–2016 

 

Exposure (ref. no relocation) 

Ceased 

group participation 

Started 

group participation 

Renewed 

(ceased or started)  

group participation 

RR a 95% CI c RR a 95% CI c RR b 95% CI c 

Relocation to temporary housing 2.89 1.35  6.19  0.53  0.01  1.73  1.37  0.97  2.08  

Relocation to other types of housing  10.32 3.21  32.22  0.12  0.00  0.73  2.14  1.43  3.85  

Abbreviations: RR, relative risk; CI, Confidence Interval; MICE, multiple imputation by chained equation 
a Result of multinomial regression: the outcome is ceased or started group participation (“sustained” as a reference) 
b Result of Poisson regression: the outcome is renewed (ceased or started) group participation (“sustained” as a reference) 
c Bootstrapped 1,000 times, 95% CI displays bias-corrected Confidence Interval  

NOTE:  

(i) RRs are adjusted for the baseline covariates of gender, age, equivalent household income (< 200 million yen: low income), years of 

education (≤ 9 years of compulsory education indicated low education), lived alone or not, had an illness or not, had a job or not, with group 

participation or not, depressive symptoms, standardized population density (originally, person/km2) and standardized area slope 

(originally, %), and disaster damage in 2016 such as housing damage, and farmland damage  

(ii) RR measures should be interpreted with caution because status of group participation has a ceiling (those with group participation at 

baseline cannot start it) or a floor (those without group participation at baseline cannot cease it) and because no group participation at baseline, 

(one of the adjusted covariates) has high probability of having multicollinearity.   

Dataset: Imputed dataset by MICE (m=20), including an exposure, a mediator, and covariates as imputed variables 
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Table 4: Natural Indirect Effects, Natural Direct Effects, and Total Effects of the Relocation on Major Depressive Episodes and Post-traumatic 

Stress Disorder Symptoms via the Mediator of Renewed (Ceased or Started) Group Participation by Types of Relocation: Mediation Analysis by 

Inverse Odds Weight from Inverse Odds Ratio-Weighted Methods Using Poisson Regression with Multiple Imputation by Chained Equation (n = 

828), Mifune, Japan, 2013–2016 

 

 MDE   PTSD symptoms 

 RR 95% CI a  RR 95% CI a  

1: Relocation to temporary housing       

Natural Indirect Effect (via renewed 

group participation) 

0.60  0.34  0.94  0.70  0.38  1.16  

Natural Direct Effect (of relocation) 3.79  1.70  6.64  2.02  0.90  3.56  

Total Effect 2.28  1.36  3.81  1.41  0.86  2.13  

2: Relocation to other types of housing       

Natural Indirect Effect (via renewed  

group participation) 

0.97  0.62  1.95  1.05  0.70  1.57  

Natural Direct Effect (of relocation) 1.62  0.59  3.16  1.44  0.77  2.30  

Total Effect 1.58  0.91  2.54  1.50  1.03  2.21  

Abbreviations: NIE, the natural indirect effect; NDE, the natural direct effect; TE, the total effect; MDE, major depressive episodes; PTSD, 

post-traumatic stress disorder; RR, relative risk; CI, Confidence Interval; MICE, multiple imputation by chained equation 

NOTE: Adjusted for the baseline covariates of gender, age, equivalent household income (< 200 million yen: low income), years of education 

(≤ 9 years of compulsory education indicated low education), lived alone or not, had an illness or not, had a job or not, with group participation 

or not, depressive symptoms, standardized population density (originally, person/km2) and standardized area slope (originally, %), and disaster 

damage in 2016 such as housing damage, and farmland damage 
a Bootstrapped 1,000 times, 95% CI displays bias-corrected Confidence Interval 

Dataset: Imputed dataset by MICE (m=20), including an outcome (MDE or PTSD symptoms), an exposure, a mediator, and covariates as 

imputed variables 
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Table 5: Natural Indirect Effects, Natural Direct Effects, and Total Effects of the Relocation on Major Depressive Episodes via a Single 

Mediator (Ceased or Started Group Participation) by Types of Relocation: Mediation Analysis by Inverse Odds Weight from Inverse Odds Ratio-

Weighted Methods Using Poisson Regression with Multiple Imputation by Chained Equation (n = 828), Mifune, Japan, 2013–2016 
 MDE 

 M1: ceased group participation a M2: started group participation a 

 RR 95% CI b  RR 95% CI b  

1: Relocation to temporary housing       

Natural Indirect Effect (via ceased or started 

group participation) 

0.59 0.31  0.93  0.61 0.39  0.89  

Natural Direct Effect (of relocation) 3.88 1.89  8.09  3.75 1.61  6.43  

Total Effect 2.28 1.35  3.83  2.28 1.29  3.82  

2: Relocation to other types of housing       

Natural Indirect Effect (via ceased or started 

group participation) 

0.98  0.62  1.89  1.16  0.73  2.36  

Natural Direct Effect (of relocation) 1.60  0.61  3.04  1.36  0.45  2.64  

Total Effect 1.58  0.90  2.68  1.58  0.94  2.74  

Abbreviations: NIE, the natural indirect effect; NDE, the natural direct effect; TE, the total effect; MDE, major depressive episodes; RR, 

relative risk; CI, Confidence Interval; MICE, multiple imputation by chained equation 

NOTE: Adjusted for the baseline covariates of gender, age, equivalent household income (< 200 million yen: low income), years of education 

(≤ 9 years of compulsory education indicated low education), lived alone or not, had an illness or not, had a job or not, with group 

participation or not, depressive symptoms, standardized population density (originally, person/km2) and standardized area slope 

(originally, %), and disaster damage in 2016 such as housing damage, and farmland damage  
a Reference for M1 is “started or sustained,” reference for M2 is “ceased or sustained” 
b Bootstrapped 1,000 times, 95% CI displays bias-corrected Confidence Interval 

Dataset: Imputed dataset by MICE (m=20), including an outcome (MDE), an exposure, a mediator, and covariates as imputed variables 
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Table 6: Natural Indirect Effects, Natural Direct Effects, and Total Effects of the Relocation on Post-traumatic Stress Disorder Symptoms via a 

Single Mediator (Ceased or Started Group Participation) by Types of Relocation: Mediation Analysis by Inverse Odds Weight from Inverse Odds 

Ratio-Weighted Methods Using Poisson Regression with Multiple Imputation by Chained Equation (n = 828), Mifune, Japan, 2013–2016 

 PTSD symptoms 

 M1: ceased group participation a M2: started group participation a 

 RR 95% CI b  RR 95% CI b  

1: Relocation to temporary housing       

Natural Indirect Effect (via ceased or started 

group participation) 

0.70  0.42  1.25  0.71  0.44  1.17  

Natural Direct Effect (of relocation) 2.02  0.87  3.72  2.00  0.86  3.38  

Total Effect 1.41  0.86  2.17  1.41  0.90  2.16  

2: Relocation to other types of housing       

Natural Indirect Effect (via ceased or started 

group participation) 

0.96  0.58  1.32  1.25  0.93  2.13  

Natural Direct Effect (of relocation) 1.56  0.87  2.76  1.21  0.51  1.93  

Total Effect 1.50  1.00  2.22  1.50  0.97  2.17  

Abbreviations: NIE, the natural indirect effect; NDE, the natural direct effect; TE, the total effect; PTSD, post-traumatic stress disorder; RR, 

relative risk; CI, Confidence Interval; MICE, multiple imputation by chained equation 

NOTE: Adjusted for the baseline covariates of gender, age, equivalent household income (< 200 million yen: low income), years of education 

(≤ 9 years of compulsory education indicated low education), lived alone or not, had an illness or not, had a job or not, with group 

participation or not, depressive symptoms, standardized population density (originally, person/km2) and standardized area slope 

(originally, %), and disaster damage in 2016 such as housing damage, and farmland damage 
a Reference for M1 is “started or sustained,” reference for M2 is “ceased or sustained” 
b Bootstrapped 1,000 times, 95% CI displays bias-corrected Confidence Interval 

Dataset: Imputed dataset by MICE (m=20), including an outcome (PTSD symptoms), an exposure, a mediator, and covariates as imputed 

variables 
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Table 7: Natural Indirect Effects, Natural Direct Effects, and Total Effects of the Relocation on Depression Measured by 15-item Geriatric 

Depression Scale via the Mediator of Renewed (Ceased or Started) Group Participation by Types of Relocation: Mediation Analysis by Inverse 

Odds Weight from Inverse Odds Ratio-Weighted Methods Using Poisson Regression with Multiple Imputation by Chained Equation (n = 828), 

Mifune, Japan, 2013–2016 

 

 Depression (GDS ≥ 5) 

 RR 95% CI a  

1: Relocation to temporary housing    

Natural Indirect Effect (via renewed group 

participation) 

0.80  0.49  1.24  

Natural Direct Effect (of relocation) 2.09  1.15  3.33  

Total Effect 1.66  1.19  2.41  

2: Relocation to other types of housing    

Natural Indirect Effect (via renewed group 

participation) 

0.94  0.69  1.33  

Natural Direct Effect (of relocation) 1.80  0.97  3.28  

Total Effect 1.69  1.10  2.80  

Abbreviations: NIE, the natural indirect effect; NDE, the natural direct effect; TE, the total effect; GDS, 15-item Geriatric Depression Scale; 

RR, relative risk; CI, Confidence Interval; MICE, multiple imputation by chained equation 

NOTE: Adjusted for the baseline covariates of gender, age, equivalent household income (< 200 million yen: low income), years of education 

(≤ 9 years of compulsory education indicated low education), lived alone or not, had an illness or not, had a job or not, with group 

participation or not, depressive symptoms, standardized population density (originally, person/km2) and standardized area slope 

(originally, %), and disaster damage in 2016 such as housing damage, and farmland damage 
a Bootstrapped 1,000 times, 95% CI displays bias-corrected Confidence Interval 

Dataset: Imputed dataset by MICE (m=20), including an outcome of depression (GDS ≥ 5), an exposure, a mediator, and covariates as 

imputed variables 
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5. DISCUSSION 

Our results showed that relocation to temporary housing may directly enhance the 

risk of MDE, but renewals of group participation after the 2016 Kumamoto earthquake, 

regardless of ceasing or starting, may indirectly lower the risk of MDE for those who 

relocated to temporary housing. On the other hand, relocation to other types of housing 

showed no clear direct or indirect effects estimates on MDE. Both types of relocation showed 

no clear associations with PTSD symptoms. Against the hypotheses stated in Section 2, not 

all disaster relocation was directly associated with mental health issues such as MDE or 

PTSD symptoms, and changes in or renewals of group participation were not stressors for 

disaster-affected older adults. Rather, for those who relocated to temporary housing, renewals 

of group participation served as the stress relievers against MDE. We could not compare the 

importance of the mediators between different types of housing, as no clear indirect effects 

were observed for those who relocated to other types of housing. Moreover, relocation to 

temporary housing was not associated with started group participation, though relocation to 

other types of housing was associated with ceased group participation. Thus, our results only 

indicated that the mediation effects may differ according to types of housing. We need to 

consider what was related to the contrasting results between temporary housing and other 

types of housing. 
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As for relocation to temporary housing and MDE, our results were consistent with 

those of previous studies that claimed that relocation to temporary housing after the Great 

East Japan Earthquake of 2011 was associated with an increased risk of depression 41, 42. 

Utilizing causal mediation analysis and longitudinal data comparing relocated and non-

relocated people, we reinforced the findings of a pre-existing cross-sectional study of 

relocated people after the Great East Japan Earthquake of 2011 which reported that group 

participation was a more important factor against depression for those who relocated to 

temporary housing compared to those who relocated to rented housing 51. As for possible 

explanations for renewals of group participation that served as stress relievers against MDE in 

contrast to the hypotheses, both the group relocation policy and the socio-physical 

environment of temporary housing built in accordance with “Kumamoto Type Default” 76 

could be factors for mitigating depression risks via renewals of group participation. As with 

the prefectural-level administrative efforts, temporary housing was built following the 

standards of “Kumamoto Type Default” 76, which designated public gathering places at 

temporary housing complexes, guided by the “Minna No Ie” project at the time of the Great 

East Japan Earthquake of 201177. Public gathering places could be used not only for group 

activities or meetings for housing improvement but also for daily interactions or talking 

among residents 76. Similarly, in Mifune Town after the 2016 Kumamoto earthquake, a group 
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relocation policy to temporary housing was adopted, and public gathering places were opened 

near them. For residents, the experience of group relocation and the socio-physical 

environment of temporary housing may have influenced their potential needs to change their 

group participation. This may have resulted in the renewal or optimization of their social ties 

as those who wished to belong to a group may have found a new one, while those who felt 

burdened with group membership or activities may have chosen not to participate after the 

relocation 119, 120. The latter may have been protected by the temporary housing environment. 

For example, in a neighborhood where people lived near each other and public gathering 

spaces were accessible, daily social interactions might have occurred and social support 

would be available through anticipated social ties (such as connections with acquaintances in 

the group relocation) or unanticipated social ties (such as connections with new people) 56, 58, 

78. These benefits may not be exclusive to outsiders of the groups, unlike general concerns 119 

and residents may obtain the benefits without compulsory membership. Therefore, some 

residents in temporary housing who felt uneasy about participating in social groups may 

choose not to participate without the concern of losing social interactions.  

On the other hand, relocation to other types of housing was not associated with 

MDE, which is consistent with previous studies 41, 42. A potential explanation may be that 

some people who relocated to other types of housing, such as new private housing, might be 
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more flexible at housing selection 38, 39, which poses lower psychological burdens compared 

to those who relocated to temporary housing 121. A possible reason for the lack of clear 

natural direct or indirect effects estimates of any type of relocation on PTSD symptoms could 

be that PTSD is influenced more by acute stressors immediately after disasters than secondary 

stressors 2, 4, 6, 10.  

This study made use of unique pre/post-disaster dataset to clarify the mediator 

between relocation to temporary housing and the onset of MDE. To the best of our 

knowledge, this is the first longitudinal study to elucidate that renewal of group participation 

may mediate and alleviate the increased risks of MDE after relocation to temporary housing. 

Overcoming restrictions of the traditional approaches or other counterfactual-based 

approaches of mediation analyses, we utilized the advantages of causal mediation analysis by 

the IORW method 107, 108 to derive the mediation effects for the counterfactual-based 

approach: flexibilities of the model or variable selection (i.e., Poisson regressions or binary 

outcomes could be used), and inverse odds weighting for adjusting baseline covariates and 

allowing exposure-mediator interactions 106, 112, 122. However, this study has several 

limitations. First, although we hypothesized that relocation, changes in group participation, 

and onsets of mental health issues occurred sequentially, the latter two were measured at the 

same time point due to data restriction. Thus, the existence of reverse causality cannot be 



 58 

ruled out. Second, we could not distinguish between the effects of the physical and social 

environments of housing due to restrictions on the data. Thus, the types of relocation 

(relocation to temporary housing vs. other types of housing) may reflect both the differences 

between social environments (group vs. individual relocation) and built environments (types 

of housing). Alternatively, the types of relocation may also reflect the differences in the 

availability of services for daily lives or other regional characteristics, though we could not 

distinguish this due to lack of the measurements. Third, the dataset may be affected by 

selective attrition of depressed people and the effect estimates on mental health may be 

underestimated due to selection bias 123, although our results showed the clear effect estimates 

of relocation to temporary housing on MDE. Alternatively, compared to participants, non-

participants who were lost to follow-up at the second wave, may be more likely to be 75 years 

or over, have a low education, live alone, have an illness, and have no group participation at 

baseline (Table 2). As the target population of JAGES is limited to functionally independent 

adults of ages 65 or over, those who received certification of long-term care needs between 

the first and second waves were not included in the second wave. Therefore, those who were 

socio-economically disadvantaged or had health problems may have been selectively lost to 

follow-up. Fourth, although previous studies indicated gender differences in the association of 

group participation with mental health 79, 80, in this study, mediation analysis stratified by 
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gender did not converge, possibly due to the small sub-sample sizes. Even though we imputed 

the variables via MICE to utilize the entire available data of respondents, the overall sample 

size may have been small, since the estimates still had large standard errors and the 

efficiencies of the estimates were not high in this study. In addition, due to the small sample 

size owing to missing values, we could not conduct complete case analyses. Fifth, for our 

causal mediation analyses, we could not calculate the proportion mediated measure (i.e., the 

proportion of the indirect effect to the total effect) 106, which could have been used to compare 

the importance of mediators against the total effects by types of housing. It should be noted 

that the use of the proportion mediated measure is desirable only when the directionalities of 

the estimates of the indirect effect and the total effect are the same 106. In our results, the 

calculation of the proportion mediated was not appropriate (even in the result of the clear 

natural indirect effect of relocation to temporary housing and MDE via renewed group 

participation), due to the opposite directionality of the natural indirect effect estimate and the 

total effect estimate. Thus, we could not make full use of advantages of the causal mediation 

analysis. Sixth, the possibility of the existence of unmeasured confounders among the 

exposure, the mediator, and the outcomes cannot be denied, even though the time intervals 

between these variables were assumed to be short (within seven months). Specifically, if there 

are unmeasured mediator-outcome confounders, the effect estimates would be biased due to 
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collider bias 117. Seventh, as mental health outcomes in this study were not based on diagnosis 

and measured by screening tools instead of interviews, the prevalence may be overestimated, 

including those who did not need mental health services in practice 3. In this study, the overall 

prevalence of PTSD symptoms was 22.1% (Table 1), but in the literature review, the 

prevalence of PTSD after natural disasters was 5–10% 11. Eighth, as the results of mediation 

analyses in this study were derived from strong assumptions and a small number of 

participants, the reproducibility of the mediation effect should be examined with caution. To 

confirm the robustness of the results, reinforcement of the study design is needed, such as 

utilizing three waves of data and larger samples. Moreover, the measurement of the mediators 

needs improvement. For example, the measurement of changes in group participation in this 

study may not capture temporal gathering at temporary housing, such as meetings for housing 

improvement and spontaneous daily interactions or talks among residents 76. These activities 

may have reinforced social ties with acquaintances 56, 58 owing to group relocation or new 

neighbors, 78 and may have had an uncaptured mediation effect between relocation and mental 

health issues. Ninth, the socio-economic characteristics of those who relocated to temporary 

housing and those who relocated to other types of housing may differ, although we tried to 

adjust the difference by inverse odds weighting in the IORW method. According to Table 1, 

compared to those who relocated to other types of housing, those who relocated to temporary 
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may be more likely to be of age 75 or over, have low income, have low education, have 

illness, and have depression at baseline. Therefore, it could be assumed that socio-

economically disadvantaged people may have selectively relocated to temporary housing 

rather than other types, such as private housing.  

Future studies are needed to address several points not included in this study. First, 

we only tested the pre/post-disaster changes in belongingness to any social group as a 

mediator, but considering changes in the frequency and the variety of group participation 

(such as changes in the number and the type of groups to which each participant belongs) is 

also meaningful 124. Second, further research is needed regarding the willingness to join social 

groups (specifically for those who resigned from groups after disasters) to confirm the results 

of this study. Third, more investigation is needed on exactly which socio-physical 

environmental characteristics of housing could protect disaster survivors from mental health 

issues. Fourth, the long-term direct and indirect associations between relocation and mental 

health should be investigated. As was suggested in this study, temporary housing resulted in 

the optimization of group participation and social relationships of the residents. However, in 

the long-term, these people have to move out, which may change their social relationships 

again. In contrast to those who relocated to temporary housing, those who relocated to other 

types of housing, specifically those who rebuilt their private housing, might not have access 
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to social interaction or supportive environments such as public gathering places in temporary 

housing, and disaster relief services to those people are known to be inadequate. Careful 

monitoring of mental health status is needed in the long term. Additionally, the duration of the 

long-term impact of relocation should be monitored, even though an existing study revealed 

that it no longer affected depression 5.5 years later 42. This is because some people affected by 

disasters may experience a delayed onset of PTSD or depression 2, 21-23.  

This study has policy implications that the administrative efforts by Mifune Town 

after the 2016 Kumamoto earthquake (such as group relocation policy to temporary housing 

and opening public gathering places in accessible distances to prevent social isolation among 

the relocated people) may have contributed to the mitigation of psychological burdens in 

temporary housing. The socio-physical environments of temporary housing in Mifune might 

have been suitable for renewing social ties among older adults: those who were seeking a 

group could find a new group, while those who felt burdened by participating in groups had 

the option not to participate 119, 120. Even if some of them resigned from their former groups, 

they may have been able to continue their daily social interactions with new people or 

acquaintances from their pre-disaster communities moved by group relocation, since people 

lived nearby and public gathering places were accessible. Therefore, I recommend adopting 

group relocation policies and optimizing socio-physical environments of housing such as 
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setting up public gathering places so that disaster-affected people may have options to 

participate in group activities and keep social ties with others even without participating in 

groups. These efforts could create opportunities for social interactions and supportive 

environments that may reduce the psychological burdens of stressors for those affected by 

natural disasters and protect their mental health. 

 

6. CONCLUSION 

This paper suggests that disaster-related relocation to temporary housing had a 

negative impact on post-disaster severe mental health issues, but this could be attenuated via 

changes in group participation (one of the structural aspects of social relationships), in terms 

of renewal of group participation regardless of ceasing or starting. Although further 

investigations are needed, the risk attenuation brought on by changes in group participation 

may be linked to the optimization of social relationships due to relocation to temporary 

housing.  

While group participation could be an intervention target for protecting the mental 

health of disaster affected older adults from the negative impacts of disaster-related 

relocation, respecting the will of residents who do not wish to participate in groups may also 

be meaningful depending on the type of relocation. The renewal or optimization of social ties 
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and reduced psychological burdens may be attributed to the group relocation policy and the 

setting of temporary housing (e.g., public gathering places).  

 
  



 65 

ETHICS APPROVAL 

The JAGES was approved by the Ethics Committee at the National Center for 

Geriatrics and Gerontology (992), at Chiba University, Faculty of Medicine (2493), at the 

University of Tokyo, Faculty of Medicine (10555), and at Kyoto University, Graduate School 

and Faculty of Medicine (R3153). 

Written informed consent was obtained from voluntary return of the questionnaire. 

The ethics committees approved the use of the assumed consent upon the return of the 

questionnaire.  

 

Conflicts of interest: none declared.  

  



 66 

ACKNOWLEDGEMENTS 

 I would like to thank Dr. Hideki Hashimoto of the Department of Health and Social 

Behavior at the University of Tokyo and Dr. Naoki Kondo of the Department of Social 

Epidemiology at Kyoto University.  

This study used data from the Japan Gerontological Evaluation Study (JAGES). The study 

was conducted in cooperation with the following co-authors: Dr. Maho Haseda (Kyoto 

University), Ms. Mariko Kanamori (The University of Tokyo), Assistant Professor Koryu 

Sato (Kyoto University), Dr. Airi Amemiya (Kyoto University), Dr. Toshiyuki Ojima 

(Hamamatsu University School of Medicine), Dr. Daisuke Takagi (The University of Tokyo), 

Dr. Masamichi Hanazato (Chiba University), and Dr. Naoki Kondo. I appreciate Dr. Hideki 

Hashimoto for his advice on the early version of the study design and Dr. Quynh Nguyen 

(University of Maryland) and Dr. Nicole Schmidt (University of Minnesota) for their advice 

on the technical aspects of the statistical methods. I received helpful comments from 

researchers who participated in the JAGES meetings and from the faculty and graduate 

students of the Department of Health and Social Behavior at the University of Tokyo and the 

Department of Social Epidemiology at Kyoto University. I would like to thank all the 

participants in this study and the Mifune Town municipality staff for their cooperation. I 

would like to thank supports from World-leading Innovative Graduate Study Program in 



 67 

Gerontology Global Leadership Initiative for Age-Friendly Society (WINGS-GLAFS), the 

University of Tokyo. I would like to thank Editage (www.editage.com) for English language 

editing. 

  



 68 

REFERENCES 

1. World Health Organization. Division of Mental H. Psychosocial consequences of 
disasters : prevention and management. Geneva: World Health Organization; 1992. 
2. Goldmann E, Galea S. Mental Health Consequences of Disasters. Annual Review of 
Public Health. 2014;35(1):169-183. doi:10.1146/annurev-publhealth-032013-182435 
3. Inter-Agency Standing Committee (IASC). IASC Guidelines on Mental Health and 
Psychosocial Support in Emergency Settings. Geneva: IASC; 2007. 
4. Norris FH, Friedman MJ, Watson PJ, Byrne CM, Diaz E, Kaniasty K. 60,000 
disaster victims speak: Part I. An empirical review of the empirical literature, 1981-2001. 
Psychiatry. Fall 2002;65(3):207-39. doi:10.1521/psyc.65.3.207.20173 
5. Raphael B, Maguire P. Disaster mental health research: Past, present, and future. 
Mental health and disasters. Cambridge University Press; 2012:7-28. 
6. Norris FH, Friedman MJ, Watson PJ. 60,000 disaster victims speak: Part II. 
Summary and implications of the disaster mental health research. Psychiatry. Fall 
2002;65(3):240-60. doi:10.1521/psyc.65.3.240.20169 
7. Fergusson DM, Horwood LJ, Boden JM, Mulder RT. Impact of a Major Disaster on 
the Mental Health of a Well-Studied Cohort. JAMA Psychiatry. 2014;71(9):1025-1031. 
doi:10.1001/jamapsychiatry.2014.652 
8. Galea S, Nandi A, Vlahov D. The Epidemiology of Post-Traumatic Stress Disorder 
after Disasters. Epidemiologic Reviews. 2005;27(1):78-91. doi:10.1093/epirev/mxi003 
9. Ando S, Kuwabara H, Araki T, et al. Mental Health Problems in a Community After 
the Great East Japan Earthquake in 2011: A Systematic Review. Harv Rev Psychiatry. 
Jan/Feb 2017;25(1):15-28. doi:10.1097/hrp.0000000000000124 
10. Norris FH, Perilla JL, Riad JK, Kaniasty K, Lavizzo EA. Stability and change in 
stress, resources, and psychological distress following natural disaster: Findings from 
hurricane Andrew. Anxiety, Stress, & Coping. 1999/01/01 1999;12(4):363-396. 
doi:10.1080/10615809908249317 
11. Bryant RA. Post-traumatic stress disorder: a state-of-the-art review of evidence and 
challenges. World Psychiatry. Oct 2019;18(3):259-269. doi:10.1002/wps.20656 
12. World Health Organization. mhGAP intervention guide for mental, neurological and 
substance use disorders in non-specialized health settings: mental health Gap Action 
Programme ( mhGAP). World Health Organization; 2016. 
13. World Health Organization, War Trauma Foundation and World Vision, 
International. Psychological first aid: Guide for field workers. In: WHO, editor. Geneva2011. 



 69 

14. Raphael B. When disaster strikes-How individuals and communities cope with 
catastrophe. Basic Books; 1986. 
15. Tyhurst JS. Individual reactions to community disaster; the natural history of 
psychiatric phenomena. The American Journal of Psychiatry. 1951;107:764-769. 
doi:10.1176/ajp.107.10.764 
16. Iwai K. Mental Health Activities Before and After Disaster [in Japanese]. The 
Japanese Journal of Psychiatry. 2002/07/25 2002;7(4):319-327.  
17. Japan Society of Disaster Nursing. Disaster Nursing Related Terminology (draft): 
Disaster Management Cycle [in Japanese]. Accessed October 14, 2021. 
http://words.jsdn.gr.jp/words-detail.asp?id=23 
18. Japan Academy of Gerontological Nursing. A Guide for Assisting Older Adults in 
the Event of a Large-Scale Natural Disaster [in Japanese]. Accessed October 14, 2021. 
http://184.73.219.23/rounenkango/iinkai/saigai2015.html 
19. Takeshita K. Disaster Nursing / International Nursing [in Japanese]. 4 ed. vol 
Integration Field . Integration and Practice of Nursing ; 3 [in Japanese]. Systemic Nursing 
Seminar [in Japanese]. IGAKU-SHOIN Ltd.; 2019:12, 378p. 
20. Ohara M, Sakai A. Disaster Nursing: Basic Knowledge to Keep in Mind [in 
Japanese]. Nanzando; 2019. 
21. Norris FH, Tracy M, Galea S. Looking for resilience: Understanding the longitudinal 
trajectories of responses to stress. Social Science & Medicine. 2009/06/01/ 2009;68(12):2190-
2198. doi:https://doi.org/10.1016/j.socscimed.2009.03.043 
22. Raker EJ, Lowe SR, Arcaya MC, Johnson ST, Rhodes J, Waters MC. Twelve years 
later: The long-term mental health consequences of Hurricane Katrina. Social Science & 
Medicine. 2019/12/01/ 2019;242:112610. 
doi:https://doi.org/10.1016/j.socscimed.2019.112610 
23. Kino S, Aida J, Kondo K, Kawachi I. Long-term Trends in Mental Health Disorders 
After the 2011 Great East Japan Earthquake and Tsunami. JAMA Netw Open. Aug 3 
2020;3(8):e2013437. doi:10.1001/jamanetworkopen.2020.13437 
24. Parker G, Lie D, Siskind DJ, et al. Mental health implications for older adults after 
natural disasters – a systematic review and meta-analysis. International Psychogeriatrics. 
2016;28(1):11-20. doi:10.1017/S1041610215001210 
25. Tierney K. Disasters: A sociological approach. John Wiley & Sons; 2019. 
26. Disaster Management, Cabinet Office. About Assistance for Evacuation for Those 
who Require Assistance for Evacuation [in Japanese]. Accessed October 7, 2021. 
http://www.bousai.go.jp/taisaku/hisaisyagyousei/yoshiensha.html 



 70 

27. Sphere Association. The Sphere Handbook: Humanitarian Charter and Minimum 
Standards in Humanitarian Response. fourth ed. Geneva, Switzerland. 2018. 
28. United Nations. Sendai Framework for Disaster Risk Reduction 2015 - 2030. 2015. 
29. Kawachi I, Aida J, Hikichi H, Kondo K. Disaster resilience in aging populations: 
lessons from the 2011 Great East Japan earthquake and tsunami. Journal of the Royal Society 
of New Zealand. 2020/04/02 2020;50(2):263-278. doi:10.1080/03036758.2020.1722186 
30. Ngo EB. When disasters and age collide: Reviewing vulnerability of the elderly. 
Natural Hazards Review. 2001;2(2):80-89.  
31. Tsuboya T, Aida J, Hikichi H, et al. Predictors of depressive symptoms following the 
Great East Japan earthquake: A prospective study. Soc Sci Med. Jul 2016;161:47-54. 
doi:10.1016/j.socscimed.2016.05.026 
32. Holmes TH, Rahe RH. The social readjustment rating scale. Journal of 
Psychosomatic Research. 1967/08/01/ 1967;11(2):213-218. doi:https://doi.org/10.1016/0022-
3999(67)90010-4 
33. Bryant RA, Friedman MJ, Spiegel D, Ursano R, Strain J. A review of acute stress 
disorder in DSM-5. Depress Anxiety. Sep 2011;28(9):802-17. doi:10.1002/da.20737 
34. van Griensven F, Chakkraband ML, Thienkrua W, et al. Mental health problems 
among adults in tsunami-affected areas in southern Thailand. Jama. Aug 2 2006;296(5):537-
48. doi:10.1001/jama.296.5.537 
35. Diez Roux AV, Mair C. Neighborhoods and health. Annals of the New York 
Academy of Sciences. 2010;1186(1):125-145. doi:https://doi.org/10.1111/j.1749-
6632.2009.05333.x 
36. Oswald F, Wahl HW. Housing and health in later life. Rev Environ Health. Jul-Dec 
2004;19(3-4):223-52.  
37. Uscher-Pines L. Health effects of relocation following disaster: a systematic review 
of the literature. Disasters. 2009;33(1):1-22. doi:10.1111/j.1467-7717.2008.01059.x 
38. Castle NG. Relocation of the elderly. Med Care Res Rev. Sep 2001;58(3):291-333. 
doi:10.1177/107755870105800302 
39. Chenitz CW. Entry into a nursing home as status passage: A theory to guide nursing 
practice. Geriatric Nursing. 1983/03/01/ 1983;4(2):92-97. doi:https://doi.org/10.1016/S0197-
4572(83)80057-3 
40. Amenta M, Weiner A, Amenta D. Successful relocation of elderly residents. Geriatr 
Nurs. Nov-Dec 1984;5(8):356-60. doi:10.1016/s0197-4572(84)80006-3 
41. Sasaki Y, Aida J, Tsuji T, et al. Does Type of Residential Housing Matter for 
Depressive Symptoms in the Aftermath of a Disaster? Insights From the Great East Japan 



 71 

Earthquake and Tsunami. Am J Epidemiol. Mar 1 2018;187(3):455-464. 
doi:10.1093/aje/kwx274 
42. Hikichi H, Aida J, Kondo K, Kawachi I. Six-year follow-up study of residential 
displacement and health outcomes following the 2011 Japan Earthquake and Tsunami. Proc 
Natl Acad Sci U S A. Jan 12 2021;118(2)doi:10.1073/pnas.2014226118 
43. Yokoyama Y, Otsuka K, Kawakami N, et al. Mental health and related factors after 
the Great East Japan earthquake and tsunami. PLoS One. 2014;9(7):e102497. 
doi:10.1371/journal.pone.0102497 
44. Norris FH, Murphy AD, Baker CK, Perilla JL. Postdisaster PTSD Over Four Waves 
of a Panel Study of Mexico's 1999 Flood. Journal of Traumatic Stress. 2004/08/01 
2004;17(4):283-292. doi:10.1023/B:JOTS.0000038476.87634.9b 
45. Watanabe C, Okumura J, Chiu T-Y, Wakai S. Social Support and Depressive 
Symptoms Among Displaced Older Adults Following the 1999 Taiwan Earthquake. Journal 
of Traumatic Stress. 2004/02/01 2004;17(1):63-67. 
doi:10.1023/B:JOTS.0000014678.79875.30 
46. Acierno R, Ruggiero KJ, Kilpatrick DG, Resnick HS, Galea S. Risk and protective 
factors for psychopathology among older versus younger adults after the 2004 Florida 
hurricanes. Am J Geriatr Psychiatry. Dec 2006;14(12):1051-9. 
doi:10.1097/01.JGP.0000221327.97904.b0 
47. Kiliç C, Aydin I, Taşkintuna N, et al. Predictors of psychological distress in 
survivors of the 1999 earthquakes in Turkey: effects of relocation after the disaster. Acta 
Psychiatr Scand. Sep 2006;114(3):194-202. doi:10.1111/j.1600-0447.2006.00786.x 
48. Carr V, Lewin T, Webster R, Kenardy J. A synthesis of the findings from the Quake 
Impact Study: a two-year investigation of the psychosocial sequelae of the 1989 Newcastle 
earthquake. Social psychiatry and psychiatric epidemiology. 1997;32(3):123-136.  
49. Tanida N. What happened to elderly people in the great Hanshin earthquake. BMJ. 
1996;313(7065):1133-1135. doi:10.1136/bmj.313.7065.1133 
50. Hikichi H, Sawada Y, Tsuboya T, et al. Residential relocation and change in social 
capital: A natural experiment from the 2011 Great East Japan Earthquake and Tsunami. 
Science Advances. Jul 2017;3(7)e1700426. doi:10.1126/sciadv.1700426 
51. Kusama T, Aida J, Sugiyama K, et al. Does the Type of Temporary Housing Make a 
Difference in Social Participation and Health for Evacuees of the Great East Japan 
Earthquake and Tsunami? A Cross-Sectional Study. J Epidemiol. Oct 5 2019;29(10):391-398. 
doi:10.2188/jea.JE20180080 



 72 

52. Koyama S, Aida J, Kawachi I, et al. Social support improves mental health among 
the victims relocated to temporary housing following the Great East Japan Earthquake and 
Tsunami. Tohoku J Exp Med. Nov 2014;234(3):241-7. doi:10.1620/tjem.234.241 
53. National Academies of Sciences E, Medicine. Social Isolation and Loneliness in 
Older Adults: Opportunities for the Health Care System. The National Academies Press; 
2020:316. 
54. Sugisawa H. Social Relationships as Social Determinants of Health : A Review of 
Related Concepts and Major Findings Regarding Social Relationships [in Japanese] The 
quarterly of social security research. 2012 2012;48(3):252-265.  
55. Sugisawa H, Kondo N. Social Relationships and Health [in Japanese]. Society and 
health : an integrated approach to close health gap [in Japanese]. University of Tokyo Press; 
2015. 
56. Berkman LF, Glass T. Social integration, social networks, social support, and health. 
Social epidemiology. 2000;1(6):137-173.  
57. Heaney CA, Israel BA. Social networks and social support. Health behavior and 
health education: Theory, research, and practice, 4th ed. Jossey-Bass; 2008:189-210. 
58. Berkman L, Krishna A. Social Network Epidemiology. Social Epidemiology. 07/01 
2014:234-289. doi:10.1093/med/9780195377903.003.0007 
59. Berkman LF. Social Networks and Health. Updated June 2-4, 2010. Accessed 
October 15, 2021. https://www.who.int/healthinfo/15_Social_Networks_Berkman_ok.pdf 
60. Berkman LF, Glass T, Brissette I, Seeman TE. From social integration to health: 
Durkheim in the new millennium [This paper is adapted from Berkman, L.F., & Glass, T. 
Social integration, social networks, social support and health. In L. F. Berkman & I. Kawachi, 
Social Epidemiology. New York: Oxford University Press; and Brissette, I., Cohen S., 
Seeman, T. Measuring social integration and social networks. In S. Cohen, L. Underwood & 
B. Gottlieb, Social Support Measurements and Intervention. New York: Oxford University 
Press]. Social Science & Medicine. 2000/09/15/ 2000;51(6):843-857. 
doi:https://doi.org/10.1016/S0277-9536(00)00065-4 
61. Cohen S, Gottlieb BH, Underwood LG. Social relationships and health. Social 
support measurement and intervention: A guide for health and social scientists. Oxford 
University Press; 2000:3-25. 
62. House JS. Social support and social structure. Sociological Forum. 1987/12/01 
1987;2(1):135-146. doi:10.1007/BF01107897 
63. House JS, Kahn RL, McLeod JD, Williams D. Measures and concepts of social 
support. Social support and health. Academic Press; 1985:83-108. 



 73 

64. House JS, Umberson D, Landis KR. Structures and Processes of Social Support. 
Annual Review of Sociology. 1988;14(1):293-318. doi:10.1146/annurev.so.14.080188.001453 
65. Lin N, Ye X, Ensel WM. Social support and depressed mood: a structural analysis. J 
Health Soc Behav. Dec 1999;40(4):344-59.  
66. Thoits PA. Mechanisms linking social ties and support to physical and mental health. 
J Health Soc Behav. Jun 2011;52(2):145-61. doi:10.1177/0022146510395592 
67. Cohen S, Wills TA. Stress, social support, and the buffering hypothesis. Psychol 
Bull. Sep 1985;98(2):310-57.  
68. Sasaki Y, Tsuji T, Koyama S, et al. Neighborhood Ties Reduced Depressive 
Symptoms in Older Disaster Survivors: Iwanuma Study, a Natural Experiment. Int J Environ 
Res Public Health. Jan 3 2020;17(1)doi:10.3390/ijerph17010337 
69. Oyama M, Nakamura K, Suda Y, Someya T. Social network disruption as a major 
factor associated with psychological distress 3 years after the 2004 Niigata-Chuetsu 
earthquake in Japan. Environmental health and preventive medicine. 2012;17(2):118-123. 
doi:10.1007/s12199-011-0225-y 
70. Matsuyama Y, Aida J, Hase A, et al. Do community- and individual-level social 
relationships contribute to the mental health of disaster survivors?: A multilevel prospective 
study after the Great East Japan Earthquake. Soc Sci Med. Feb 2016;151:187-95. 
doi:10.1016/j.socscimed.2016.01.008 
71. Tsuji T, Sasaki Y, Matsuyama Y, et al. Reducing depressive symptoms after the 
Great East Japan Earthquake in older survivors through group exercise participation and 
regular walking: a prospective observational study. BMJ Open. Mar 3 2017;7(3):e013706. 
doi:10.1136/bmjopen-2016-013706 
72. Hikichi H, Aida J, Tsuboya T, Kondo K, Kawachi I. Can Community Social 
Cohesion Prevent Posttraumatic Stress Disorder in the Aftermath of a Disaster? A Natural 
Experiment From the 2011 Tohoku Earthquake and Tsunami. Am J Epidemiol. May 15 
2016;183(10):902-10. doi:10.1093/aje/kwv335 
73. Sato K, Amemiya A, Haseda M, et al. Post-disaster Changes in Social Capital and 
Mental Health: A Natural Experiment from the 2016 Kumamoto Earthquake. Am J 
Epidemiol. Mar 30 2020;doi:10.1093/aje/kwaa041 
74. Morishima R, Usami S, Ando S, et al. Living in temporary housing and later 
psychological distress after the Great East Japan Earthquake of 2011: A cross-lagged panel 
model. SSM Popul Health. Aug 2020;11:100629. doi:10.1016/j.ssmph.2020.100629 
75. Bland SH, O'leary ES, Farinaro E, et al. Social network disturbances and 
psychological distress following earthquake evacuation. The Journal of nervous and mental 
disease. 1997;185(3):188-195.  



 74 

76. Katsura H. Kumamoto Type Default for emergency temporary housing [in Japanese]. 
WEB-ban Kenchiku Touron: Architectural Institute of Japan; 2016. 
77. Architecture Division, Kumamoto Prefectural Government. Kumamoto Artpolis: 
“Minna No Ie” Project [in Japanese]. Updated August 1, 2020. Accessed January 6, 2022. 
https://www.pref.kumamoto.jp/soshiki/115/4574.html 
78. Small ML. Unanticipated gains: Origins of network inequality in everyday life. 
Oxford University Press; 2009. 
79. Kawachi I, Berkman LF. Social ties and mental health. Journal of urban health : 
bulletin of the New York Academy of Medicine. 2001;78(3):458-467. 
doi:10.1093/jurban/78.3.458 
80. Takagi D, Kondo K, Kawachi I. Social participation and mental health: moderating 
effects of gender, social role and rurality. BMC Public Health. 2013/07/31 2013;13(1):701. 
doi:10.1186/1471-2458-13-701 
81. Sasaki Y, Aida J, Tsuji T, et al. Pre-disaster social support is protective for onset of 
post-disaster depression: Prospective study from the Great East Japan Earthquake & Tsunami. 
Sci Rep. Dec 19 2019;9(1):19427. doi:10.1038/s41598-019-55953-7 
82. Shiba K, Yazawa A, Kino S, Kondo K, Aida J, Kawachi I. Depressive Symptoms in 
the Aftermath of Major Disaster: Empirical Test of the Social Support Deterioration Model 
Using Natural Experiment. Wellbeing, Space and Society. 2020/11/04/ 2020:100006. 
doi:https://doi.org/10.1016/j.wss.2020.100006 
83. Kondo K. Progress in Aging Epidemiology in Japan: The JAGES Project. J 
Epidemiol. Jul 5 2016;26(7):331-6. doi:10.2188/jea.JE20160093 
84. Kondo K, Rosenberg M, World Health Organization. Advancing universal health 
coverage through knowledge translation for healthy ageing: lessons learnt from the Japan 
gerontological evaluation study. World Health Organization; 2018. 
85. Statistics Bureau of Japan. Population Census. Accessed September 8, 2021. 
http://www.stat.go.jp/english/data/kokusei/index.html 
86. Japan Meteorological Agency. Report on the 2016 Kumamoto Earthquake by Japan 
Meteorolocical Agency [in Japanese]. 2018. 135. Accessed June 28, 2021. 
https://www.jma.go.jp/jma/kishou/books/gizyutu/135/ALL.pdf 
87. Mifune Town. Mifune Town Earthquake Reconstrucion Plan [in Japanese]. 2017. 
Accessed June 28, 2021. 
https://www.town.mifune.kumamoto.jp/common/UploadFileOutput.ashx?c_id=3&id=4587&s
ub_id=1&flid=160 



 75 

88. Kamimashiki Area Promotion Bureau, Kumamoto Prefectural Government. Reports 
on Disaster Response of the 2016 Kumamoto Earthquake [in Japanese]. 2019. Accessed June 
28, 2021. https://www.pref.kumamoto.jp/site/kenou/8154.html 
89. Geospatial Information Authority of Japan. GSI Maps. Accessed December 8, 2021. 
https://www.gsi.go.jp/ENGLISH/index.html 
90. Ministry of Land, Infrastructure, Transport and Tourism. National Land Numerical 
Information [in Japanese]. Accessed September 8, 2021. https://nlftp.mlit.go.jp/ksj/index.html 
91. Kyushu Regional Management Service Association. Kyushu Disaster History 
Information Database: Kumamoto Prefecture [in Japanese]. Accessed October 21, 2021. 
http://saigairireki.qscpua2.com/kumamoto/ 
92. Iwai K, Kato H. Natural Disasters (medium- to long-term) [in Japanese]. 2 ed. 
Understanding and Care of Psychic Trauma [in Japanese]. Jiho, Inc.; 2001. 
93. Fujii S, Kato H, Maeda K. A simple interview-format screening measure for disaster 
mental health: an instrument newly developed after the 1995 Great Hanshin Earthquake in 
Japan--the Screening Questionnaire for Disaster Mental Health (SQD). Kobe J Med Sci. Feb 8 
2008;53(6):375-85.  
94. Raphael B, Lundin T, Weisaeth L. A research method for the study of psychological 
and psychiatric aspects of disaster. Acta Psychiatr Scand Suppl. 1989;353:1-75. 
doi:10.1111/j.1600-0447.1989.tb03041.x 
95. American Psychiatric Association. Diagnostic and statistical manual of mental 
disorders, 4th ed. Diagnostic and statistical manual of mental disorders, 4th ed. American 
Psychiatric Publishing, Inc.; 1994:xxvii, 886-xxvii, 886. 
96. Blake DD, Weathers FW, Nagy LM, et al. The development of a Clinician-
Administered PTSD Scale. J Trauma Stress. Jan 1995;8(1):75-90. doi:10.1007/bf02105408 
97. Spitzer RL, Williams JB, Gibbon M, First MB. The Structured Clinical Interview for 
DSM-III-R (SCID). I: History, rationale, and description. Arch Gen Psychiatry. Aug 
1992;49(8):624-9. doi:10.1001/archpsyc.1992.01820080032005 
98. Yesavage JA, Brink TL, Rose TL, et al. Development and validation of a geriatric 
depression screening scale: a preliminary report. J Psychiatr Res. 1982;17(1):37-49. 
doi:10.1016/0022-3956(82)90033-4 
99. Nyunt MS, Fones C, Niti M, Ng TP. Criterion-based validity and reliability of the 
Geriatric Depression Screening Scale (GDS-15) in a large validation sample of community-
living Asian older adults. Aging Ment Health. May 2009;13(3):376-82. 
doi:10.1080/13607860902861027 



 76 

100. Brink TL, Yesavage JA, Lum O, Heersema PH, Adey M, Rose TL. Screening Tests 
for Geriatric Depression. Clinical Gerontologist. 1982/10/14 1982;1(1):37-43. 
doi:10.1300/J018v01n01_06 
101. Japan Prefabricated Construction Suppliers and Manufacturers Association. 
Construction Status of Temporary Housing, etc.: The 2016 Kumamoto Earthquake [In 
Japanese]. Accessed September 28, 2021. 
https://www.purekyo.or.jp/measures/saigai_kumamoto.html 
102. Saito M, Kondo N, Aida J, et al. Development of an instrument for community-level 
health related social capital among Japanese older people: The JAGES Project. J Epidemiol. 
May 2017;27(5):221-227. doi:10.1016/j.je.2016.06.005 
103. Cao X, Chen L, Tian L, Jiang X. Psychological Distress and Health-related Quality 
of Life in Relocated and Nonrelocated Older Survivors after the 2008 Sichuan Earthquake. 
Asian Nurs Res (Korean Soc Nurs Sci). Dec 2015;9(4):271-7. doi:10.1016/j.anr.2015.04.008 
104. The National Statistics Center. e-Stat. Accessed September 8, 2021. https://www.e-
stat.go.jp/en 
105. Kuwabara H, Shioiri T, Toyabe S, et al. Factors impacting on psychological distress 
and recovery after the 2004 Niigata-Chuetsu earthquake, Japan: community-based study. 
Psychiatry Clin Neurosci. Oct 2008;62(5):503-7. doi:10.1111/j.1440-1819.2008.01842.x 
106. VanderWeele T. Explanation in causal inference: methods for mediation and 
interaction. Oxford University Press; 2015. 
107. Nguyen QC, Osypuk TL, Schmidt NM, Glymour MM, Tchetgen Tchetgen EJ. 
Practical Guidance for Conducting Mediation Analysis With Multiple Mediators Using 
Inverse Odds Ratio Weighting. American Journal of Epidemiology. 2015;181(5):349-356. 
doi:10.1093/aje/kwu278 
108. Tchetgen Tchetgen EJ. Inverse odds ratio-weighted estimation for causal mediation 
analysis. Stat Med. 2013;32(26):4567-4580. doi:10.1002/sim.5864 
109. Schmidt NM, Glymour MM, Osypuk TL. Housing mobility and adolescent mental 
health: The role of substance use, social networks, and family mental health in the Moving to 
Opportunity Study. SSM - population health. 2017;3:318-325. 
doi:10.1016/j.ssmph.2017.03.004 
110. Schmidt NM, Nguyen QC, Kehm R, Osypuk TL. Do changes in neighborhood social 
context mediate the effects of the moving to opportunity experiment on adolescent mental 
health? Health & Place. 2020;63:102331.  
111. Schmidt NM, Thyden NH, Kim H, Osypuk TL. Do peer social relationships mediate 
the harmful effects of a housing mobility experiment on boys' risky behaviors? Ann 
Epidemiol. Aug 2020;48:36-42.e3. doi:10.1016/j.annepidem.2020.05.007 



 77 

112. Starkopf L, Andersen MP, Gerds T, Torp-Pedersen C, Lange T. Comparison of five 
software solutions to mediation analysis. Department of Biostatistics, University of 
Copenhagen; 2017. 
https://ifsv.sund.ku.dk/biostat/annualreport/images/0/0a/Research_Report_17-01.pdf 
113. Kleinbaum DG, Klein M. Polytomous Logistic Regression. Logistic Regression: A 
Self-Learning Text. Springer New York; 2010:429-462. 
114. Zou G. A Modified Poisson Regression Approach to Prospective Studies with Binary 
Data. American Journal of Epidemiology. 2004;159(7):702-706. doi:10.1093/aje/kwh090 
115. Pearl J. Direct and indirect effects. presented at: Proceedings of the Seventeenth 
conference on Uncertainty in artificial intelligence; 2001; Seattle, Washington.  
116. Robins JM, Greenland S. Identifiability and exchangeability for direct and indirect 
effects. Epidemiology. 1992:143-155.  
117. Richiardi L, Bellocco R, Zugna D. Mediation analysis in epidemiology: methods, 
interpretation and bias. Int J Epidemiol. Oct 2013;42(5):1511-9. doi:10.1093/ije/dyt127 
118. Pearl J. The causal mediation formula--a guide to the assessment of pathways and 
mechanisms. Prev Sci. Aug 2012;13(4):426-36. doi:10.1007/s11121-011-0270-1 
119. Portes A. Social Capital: Its Origins and Applications in Modern Sociology. Annual 
Review of Sociology. 1998;24(1):1-24. doi:10.1146/annurev.soc.24.1.1 
120. Solomon SD, Smith EM, Lee Robins N, Fischbach RL. Social Involvement as a 
Mediator of Disaster‐Induced Stress 1. Journal of Applied Social Psychology. 
1987;17(12):1092-1112.  
121. Lawton MP, Cohen J. The Generality of Housing Impact on the Well-Being of Older 
People1. Journal of Gerontology. 1974;29(2):194-204. doi:10.1093/geronj/29.2.194 
122. VanderWeele TJ. Mediation Analysis: A Practitioner's Guide. Annu Rev Public 
Health. 2016;37:17-32. doi:10.1146/annurev-publhealth-032315-021402 
123. Shiba K, Kawahara T, Aida J, et al. Causal Inference in Studying the Long-term 
Health Effects of Disasters: Challenges and Potential Solutions. American journal of 
epidemiology. 2021/03// 2021;doi:10.1093/aje/kwab064 
124. Zhang W, Tsuji T, Yokoyama M, et al. Increased frequency of participation in civic 
associations and reduced depressive symptoms: Prospective study of older Japanese survivors 
of the Great Eastern Japan Earthquake. Social Science & Medicine. 2021/05/01/ 
2021;276:113827. doi:https://doi.org/10.1016/j.socscimed.2021.113827 
 


