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ABSTRACT

Introduction: During disasters, older adults are vulnerable to indirect health effects
caused by evacuation-related environmental changes. Despite existing reports of depression and
cognitive decline in this population, detailed case-based analyses during prolonged evacuations
following radiation disasters remain limited. Objective: This case study aims to examine the
impact of evacuation on cognitive function and subsequent health decline in an older adult.
Methods: We analyzed medical records, evacuation documents, and semi-structured interviews
with the bereaved family. These sources were integrated and chronologically organized to
assess the health impact of prolonged displacement. Results: An 88-year-old man, evacuated
following the Fukushima Daiichi Nuclear Power Plant accident, experienced initial delirium, a

temporary recovery upon returning home, and a relapse upon re-evacuation. Continuous
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displacement and repeated environmental changes led to progressive cognitive and physical
decline, ultimately resulting in a disaster-related death. Conclusions: This case illustrates that
evacuation during disasters can have serious impacts on the cognitive function and overall
health of older adults. In particular, older individuals who are at risk of cognitive decline should
be promptly relocated to evacuation sites where they can receive immediate and continuous
medical and social support. Such measures are essential for mitigating health risks among older

populations in future disasters.

Keywords: Disaster-Related Deaths; Older People; Evacuation; Dementia; Social Capital

INTRODUCTION

Disasters can cause both direct effects, such as injury or drowning from earthquakes and
tsunamis, and indirect effects, such as secondary health impacts resulting from environmental
changes due to evacuation. Indirect effects may include the collapse of communities, the onset
and worsening of non-communicable diseases (1, 2) due to changes in living environments, and
increased mental stress (3), which may lead to disaster-related deaths. Several factors such as
old or young age, disability, pregnancy, and communication difficulties due to language or
cultural difference can make individuals more susceptible to these various health risks. The
development of disaster response strategies to protect these groups is therefore an urgent public
health issue.

Addressing the needs of older people during disasters is a pressing issue, especially in
societies with aging populations. In particular, addressing cognitive decline is important for
disaster responses directed at older populations. Cognitive decline among older people has been
reported in natural disasters such as Hurricanes Katrina and Rita (4) and in floods (5) in Japan.
Changes in the living environment owing to evacuation or community changes can trigger
delirium, which is associated with the onset and worsening of dementia (6, 7). The World
Health Organization predicts that approximately 78 million people worldwide will have
dementia by 2030 (8). As of September 2023, the aging rate in Japan (the percentage of the
population aged > 65 years) is 29.1% (9). In 2012, the number of patients with dementia was
approximately 4.6 million, representing 15% of the older population (10). This number is
expected to rise to 4.71 million by 2025 and 5.84 million by 2040 (11). Therefore, addressing

disaster-associated cognitive decline is becoming increasingly critical (12), whereas it was
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higher at 24.9% in the affected Fukushima Prefecture (13), aggravating the health challenges
and responses of affected older people during this disaster. Reports have indicated several
negative health impacts related to evacuation (14-16) , including depression, post-traumatic
stress disorder (17) , and cognitive decline (18, 19) among older people affected by the disaster.
However, detailed reports on cognitive decline and related health impacts among older people
during prolonged evacuations necessitated by radiation disasters remain insufficient.

In this study, we present the case of an 88-year-old man who was forced to evacuate after
the FDNPP accident. Changes in his living environment due to evacuation triggered delirium.
Although his condition initially improved when he returned home, his delirium relapsed
following a subsequent re-evacuation. Ultimately, he developed dementia, which led to his
death. This case highlights the impact of disaster evacuation on the cognitive functions of older
people and the need for measures to mitigate the effects on those vulnerable to disasters.
Insights from this case can be valuable for reducing the adverse effects of evacuation on older

adults in future disasters.

CASE PRESENTATION

The case details were acquired from medical records, principal evacuation application
documents, and interviews with the bereaved family. First, we used the medical charts and
evacuation application documents provided by the bereaved family to chronologically organize
the man’s evacuation process and changes in his health status, thereby systematically
comprehending the course of events. Next, semi-structured interviews were conducted with the
bereaved family (his wife, son, and daughter) by the authors CY, TS, and KF. The interviews
evaluated details regarding the man’s daily routine and health status before the disaster, the
circumstances and his reactions during the evacuation, and his condition throughout the
evacuation period. Finally, we integrated the medical charts, evacuation application documents,
and testimonies from the bereaved family, organizing the information chronologically. This
enabled us to analyze the changes in his condition over time and the impact of environmental

changes on his health status and cognitive function.
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Namie Town

As a result of the FDNPP accident, residents of Namie Town and other surrounding
municipalities in Fukushima Prefecture were forced to evacuate. Namie Town is located
approximately 4 to 30 km from the FDNPP. At the time of the accident, the town had a
population of approximately 21,500, with around 1,400 of those people residing in the
Tsushima District (20). Following the accident, the entire town was designated as a “difficult-
to-return” zone, and a complete evacuation was mandated.

After the earthquake and tsunami that struck on March 11, the Namie Town Disaster
Response Headquarters issued evacuation orders on March 12 for residents within 10 km and
20 km of the FDNPP, based on national directives. As a result, residents outside of these
designated evacuation zones were instructed to relocate to shelters within the Tsushima District.
Then, after the hydrogen explosion at Reactor Unit 3 of the FDNPP on March 14, the town
government decided on March 15 to evacuate to Nihonmatsu City, Fukushima Prefecture. With
this town-wide evacuation decision, some residents also independently evacuated to various

parts of the country (20) (Table 1).

Table 1. Evacuation Orders and the Evacuation Process of Namie Town Following the 2011 Great East Japan

Earthquake

Day Time Command Source Events

3.11 14:46 Great East Japan Earthquake
19:03  Declaration of a nuclear emergency at Fukushima Daiichi Nuclear Power Plant
20:50 Fukushima Prefecture  F1: Evacuation orders within a 2-km radius
21:23 National Government  F1: Evacuation orders within a 3-km radius

F1: Shelter-in-place orders within a 10-km radius

3.12  5:44 National Government F1: Evacuation orders within a 10-km radius
6:07 Namie Town F1: Discussions on evacuation beyond a 10-km radius
7:45  Declaration of nuclear emergency at Fukushima Daini Nuclear Power Plant
National Government  F2: Evacuation orders within a 3-km radius
National Government  F2: Evacuation orders within a 10-km radius
8:40 Namie Town Evacuation using three buses to relocate from each shelter to shelters

outside the 10-km radius of F1

11:10 Namie Town Most Namie Town residents relocated beyond the 10-km radius of F1
13:00 Namie Town Decision to relocate disaster response headquarters to the Tsushima
Branch Office

17:39 National Government  F2: Evacuation orders within a 10-km radius
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18:00 Namie Town Relocation of the disaster response headquarters to the Tsushima
District
18:25 National Government  F2: Evacuation orders within a 20-km radius
Namie Town Evacuation expansion due to TV reports: evacuation of residents
eastward from Hirusone District to Tsushima District; evacuating
residents to Tsushima District (evacuation orders not yet confirmed by

Namie Town)

3.13  4:00 Namie Town Discussion on evacuation to areas beyond the 20-km radius of F1

Request for support from the self-defense forces for evacuees

344 11:01 Hydrogen explosion at Fukushima Daiichi nuclear power plant unit 3

3.15 4:30 Namie town Evacuation orders and relocation beyond the 20-km radius of F1:
decision to evacuate to Nihonmatsu City

11:00 National Government  F1: Shelter-in-place orders within the 20-30-km radius

10:00 Namie town Evacuation order issued by the town mayor for all areas beyond the
20km radius of F1
13:00 Namie town Self-evacuation begins with private vehicles

Sequential relocation via town-arranged buses and other means
Disaster Response Headquarters was established at the Towa Branch
Office of the Nihonmatsu City Hall

Note: Fukushima Daiichi Nuclear Power Plant (F1), Fukushima Daini Nuclear Power Plant (F2)

Source: Namie Town., 2020 and 2023

Case

An 88-year-old man lived with his wife in the Tsushima district of Namie Town,
Fukushima Prefecture, where they cultivated crops on their farm. Their daughter and son lived
approximately 30 min away by car and visited occasionally. The patient had a history of
cardiovascular disease requiring hospitalization and underwent dermatological consultations in
2005. Since 2009, he had exhibited signs of memory loss, though his daily life remained
unaffected.

Following the FDNPP accident, he was evacuated on March 15, 2011 to his daughter’s
father-in-law’s house in Utsunomiya City, Tochigi Prefecture (Figure 1). After the evacuation,
he demonstrated disorientation and agitation, attempting to open furniture as if still in his own
home, wandering, and repeatedly expressing a desire to return to Tsushima. Around March 27,
he and his wife independently returned to Tsushima using buses, trains, and taxis, despite the

area still being designated a difficult-to-return zone. His cognitive condition improved notably
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upon resuming his pre-disaster lifestyle, including farming. His family visited every 1 to 2
weeks, encouraging re-evacuation, which he consistently declined.

On June 6, 2011, after persuasion by local authorities, he moved to temporary housing in
Koori Town, where some former neighbors also resided. There, he repeatedly asked how he
could return to Tsushima and showed increased forgetfulness. He was diagnosed with
Alzheimer’s disease on June 10. He exhibited repetitive behaviors, such as cutting newspapers
and placing the clippings into garbage bags. The noise and activity of the temporary housing
environment contributed to persistent irritability.

In January 2012, he began wandering at night. In September, he and his wife began
attending day services. A critical turning point occurred in October when his wife was
hospitalized for a transient ischemic attack. The following day, he became distressed and began
searching for her. For safety, he temporarily entered a special nursing home and later
transitioned with his wife to a long-term care facility in November 2012 and January 2013,
respectively. However, his wandering behavior persisted, and he continued to ask when he
could return to Tsushima. Due to residency limits, they moved again in February 2013 to a
private nursing home.

Even in the new facility, he frequently asked, “How long will it take to get to Tsushima?”
He showed signs of emotional instability and verbal aggression. By June, he had become largely
unresponsive to verbal cues, required a wheelchair, and displayed significant mobility decline.
In July, he developed bilateral leg edema and was hospitalized with a diagnosis of heart failure.
He was later referred to another hospital, where multiple chronic cardiac and respiratory
conditions were identified. After discharge, he returned to the nursing home.

His physical condition continued to deteriorate. In August, he developed sacral pressure
ulcers, and by September, he required full assistance with toileting and other activities of daily
living. His verbal responsiveness declined markedly. In November, he was hospitalized again
owing to infection of the pressure ulcers and pyelonephritis. In February 2014, paralytic ileus
worsened his condition, followed by severe pneumonia in March. He died on March 18, 2014

(Table 2).
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Figure 1. Tsushima, Namie Town, Fukushima Prefecture, and the Evacuation Destination Areas

Source: Arc GIS., 2024

Table 2. Timeline of Case

Date Event Individual’s Condition
2011/03/15  Evacuated to daughter’s father-in-law’s ~ Showed signs of mental instability such as
home in Tochigi Prefecture following wandering and saying 'l want to return
evacuation order home'
2011/03/27  Returned to home in Namie with wife Remained in the home located in a restricted
using bus and taxi area
2011/04/10  Improvement in cognitive function Resumed planting and farming around the
home
2011/06/06  Re-evacuated to temporary housing in Frequent strong desire to return to Namie,
Koori Town, Fukushima Prefecture, due  forgetfulness, mental instability
to persuasion from local government
2011/06/10  Diagnosed with Alzheimer’s disease Expressed desire to return home; irritation
at surrounding noise
2012/01/01  Nighttime wandering
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2012/10/25  His wife hospitalized Behavioral and verbal changes: searched
area, unable to recognize his wife’s location
2012/11/01  Admitted to nursing home with his wife
2013/02/01  Readmitted to a nursing home Frequent requests to return home;
emotionally unstable, including verbal
aggression
2013/06/01  Reduced response to verbal cues Became wheelchair-bound
2013/07/12  Hospitalized for heart failure due to leg
edema
2013/08/01  Re-entered nursing home A decline in physical function, developed
pressure ulcer on buttocks
2013/09/01  Significant decline in mobility by Full assistance required for toileting;
wheelchair reduced verbal communication and loss of
vitality
2013/11/01  Hospitalized again Repeated fevers due to ulcer infection and
pyelonephritis
2014/03/01  Contracted evere pneumonia Death

Source: The medical records, principal evacuation application documents, and interviews with the bereaved
family., 2024

DISCUSSION

This case illustrates the impact of evacuation-based environmental changes on cognitive
function in one older patient following the FDNPP accident, which led to the onset of dementia
and associated health effects. After experiencing changes in his living environment due to the
evacuation, the patient developed delirium, which later progressed to dementia. Additionally,
he experienced a decline in physical function due to reduced activity levels and various
conditions, such as heart failure, pressure ulcers, and infections, which led to a deterioration in
his overall health and death approximately 3 years later. This case emphasizes the importance

of support measures for vulnerable populations during such events.

Repeated Environmental Changes—Dementia and Overall Health Deterioration

This case illustrates how environmental changes due to evacuation following the FDNPP
accident affected cognitive function in an older man. The patient developed delirium after the
initial evacuation and showed temporary improvement upon returning home, but subsequently

experienced a relapse in delirium after re-evacuation which progressed to dementia. The loss
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of daily routines and familiar surroundings likely contributed to his cognitive decline. Previous
studies have reported that stress resulting from evacuation and environmental changes is
associated with worsening dementia in older adults (18, 21, 22). The loss of physical activity
and social interaction in temporary housing has also been identified as a contributing factor
(23).

Although depression and post-traumatic stress disorder have been reported in other
studies as psychological impacts after disasters (17, 24) , such symptoms were not confirmed
in this case based on medical records or interviews with the family. However, the patient’s
behavioral changes such as repetitive actions, wandering, and verbal aggression suggest
ongoing cognitive and emotional deterioration. An increase in the number of dementia patients
was reported following the GEJE and the FDNPP accident (25), indicating the significant
impact of disaster-related environmental stressors on cognitive function.

Furthermore, repeated evacuation and changes in living environments after the disaster
led to a cascade of health problems and deterioration in the patient’s overall condition. Even
after being diagnosed with dementia, the patient continued to express a strong desire to return
home and exhibited emotionally unstable behavior. As his physical function declined, he
developed heart failure, pressure ulcers, and infections, and ultimately died of pneumonia. This
course of deterioration is consistent with previous findings that long-term and repeated
evacuations related to the FDNPP accident impose physical and psychological burdens (26, 27).
Moreover, cognitive decline is known to be closely associated with reductions in physical
function and limitations in activities of daily living (28).

Accordingly, this case illustrates that the destabilization of living environments due to
disasters can negatively impact both cognitive and physical health in older adults. These
findings are consistent with international recommendations regarding the support of older
adults during emergencies. For instance, the World Health Organization emphasizes that
maintaining continuity of medical and caregiving services, promoting social connections, and
implementing early mental health interventions are essential to preventing health deterioration
among older adults forced to evacuate due to disasters (29). Therefore, future disaster response
planning should prioritize the continuity of living environments, the maintenance of social
connections, and sustained access to medical and caregiving services to prevent negative
impacts to cognitive and physical health among older adults who are forced to evacuate.

Furthermore, systems for the early identification and intervention of cognitive and emotional
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decline must be established. The accumulation of similar case reports will contribute to the
development of evidence-based support strategies to protect vulnerable populations in future

disasters.

Loss of Hometown and Dementia

Designation of one’s home area as a “difficult-to-return zone” is considered a form of
“ambiguous loss” (30), which is known to impose long-term psychological stress (31). In this
case, the patient repeatedly expressed a desire to return to Tsushima, indicating the strong
psychological impact of the displacement. While younger generations tend to rebuild their lives
in new locations after disasters, older adults often strongly wish to return to their original homes
(32). Although the patient’s home was not physically destroyed, the psychological effects of
not being able to return may have had an impact similar to that reported in studies on housing

loss and cognitive decline (33).

LIMITATION

This case study had some limitations. First, this report is based on a single case study,
which limits the comprehensive discussion of cognitive changes. Although it is preferable to
use diverse cases or databases, information regarding disaster-related deaths caused by indirect
effects in Japan is not publicly available owing to personal information protection concerns. In
the future, it would be desirable to establish a database of disaster-related deaths in Japan and
use it for comprehensive analysis to develop more effective countermeasures. Second, a
potential for recall bias exists owing to the time lapse since the disaster; information about the
details and progression of the evacuation experience may be biased. Third, the medical records
have limitations. In research on disaster-related deaths, understanding the impact of mid- to
long-term evacuation experiences on health conditions is crucial; however, in Japan, the
mandatory retention period for medical records is set at 5 years. Therefore, obtaining sufficient
medical information for studies extending beyond 5 years is challenging. For future
investigations on disaster-related deaths, extending the duration of medical record retention

should be considered, particularly in disaster-affected areas.
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CONCLUSIONS

This case report illustrates how evacuation-related environmental changes following the
nuclear disaster impacted cognitive and physical function in an older adult, contributing to
delirium and ultimately leading to death. The transition from a familiar living environment to
temporary evacuation settings imposed significant psychological stress, likely accelerating
cognitive decline and functional deterioration.

Although direct causality cannot be confirmed from a single case, the progressive
worsening observed in this individual’s condition highlights the vulnerability of older adults
during prolonged displacement and underscores the urgent need for structured long-term
support systems. Future disaster response planning should prioritize the continuity of living
environments, the maintenance of social connections, and the sustained provision of medical

and caregiving services.

RECOMMENDATIONS

It is essential to establish early intervention systems for mental health care that promptly
respond to initial signs of cognitive and emotional decline. Furthermore, collaboration between
public health nurses and external support organizations should be strengthened to ensure
continuity of care from the acute phase immediately after evacuation through the medium- and
long-term phases. Additionally, to enhance disaster preparedness in an aging society, it is
crucial to accumulate similar case reports and develop evidence-based strategies to mitigate

health deterioration during and after evacuation.
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