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Introduction: Relocation after a disaster often has negative health effects on vulnerable people, particularly older adults. However, little is known about the number of repeated evacuations and relocations after disasters among those experienced disaster-related deaths. This case series aimed to summarize the secondary problems and mortality risks in patients involved in relocation after disasters.

Methods: We analyzed and summarized the data on 520 disaster-related deaths in Minamisoma City, a municipality near the Fukushima Daiichi Nuclear Power Plant, focusing on the number of relocations. Herein, we describe the cases of three individuals over 80 years old, who died after eight or more relocations, which were certified as disaster-related deaths.

Results: We discuss following three cases, which are (1) a female patient in her 90s who had a stroke and was completely disabled, (2) a female patient in her 80s whose cancer was detected later due to her failing to see her family doctor, and (3) a male patient in his 80s whose regular postoperative treatment was disrupted following cancer recurrence.

Discussion: Our findings indicate that evacuation led to the worsening of chronic diseases and eventually to post-disaster death. Prolonged wide-area evacuation and repeated relocation likely interrupted the continuum of care and led to the failure of adequate care provision. To reduce the loss of human life, it is necessary to review the number of wide-area evacuations and relocations over the medium to long term after large-scale disasters, including nuclear disasters, which may occur in the future. Simultaneously, it is important to establish a medical system at the evacuation site so that disaster victims can continue to receive medical care even after evacuation or relocation.
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1 Introduction

The desire to continue living in a familiar place is a universal human desire (1, 2). This idea of aging in a familiar place represents a central concept of community living (3, 4). Living in a well-known area helps maintain and improve independence, dignity, and quality of life (5). However, it may not be possible to age in a usual place when other factors, such as disasters or illnesses, complicate matters. Despite the importance of this issue, appropriate measures are often not implemented during emergencies. Taking measures to facilitate aging in familiar places following such events is a significant concern for public health.

Disasters disturb the usual life of each individual, especially aging in familiar places. When a disaster happens, governments may issue evacuation orders, and severe damage to houses by disasters may prevent people from residing in the area. As the disaster frequency and scale have increased in recent years (6), there has been a growing national and international interest in ensuring the quality of life for residents while maintaining aging in familiar places in the event of prolonged post-disaster evacuation (7). Although essential during disasters, there is still not enough research on how to implement aging in familiar places during the post-disaster recovery process.

In the event of the Great East Japan Earthquake in 2011, 164,865 people were evacuated from Fukushima Prefecture not only because of the earthquake and tsunami but also because of the Fukushima Daiichi nuclear power plant (FDNPP) accident (8). The impact of the disaster was significant, resulting in 19,728 deaths nationwide (as of March 9, 2020) (9) and 3,789 disaster-related deaths (as of March 31, 2022) (10). For example, in Minamisoma City, located 13–38 km north of the FDNPP in Fukushima Prefecture (Figure 1), there were many deaths among the disaster-vulnerable people while evacuating (11, 12). Patients with underlying diseases die because of inadequate medical care in the wake of disasters (13–15). Many disaster victims have been forced to adapt to rapid environmental changes while living in evacuation centers, which may increase the mortality risk and disaster-related deaths (16, 17). Evacuation due to the nuclear accident forced evacuees to leave their homes for an extended period. They moved frequently to primary evacuation sites, temporary housing, and other locations, and were unable to return to their original homes. Recently, our research team conducted a survey of disaster-related deaths in Minamisoma City, Fukushima Prefecture, and found that people who had long-term care certification accounted for more than half of the deaths and that many died from cardiovascular and respiratory diseases during the early stages of the disaster (18). These results suggest that repeated evacuations likely increased the number of disaster-related deaths among disaster-vulnerable people, including those in need of care at medical institutions and older adult care facilities (19–21). Post-disaster (frequent) evacuations have caused deterioration in mental health, including psychological distress (22–24). However, the frequency of displacement, in terms of disaster-related deaths, has not yet been discussed.
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FIGURE 1
 Location of Minamisoma City and relocation destinations for Case #1.


Herein, we report database-based cases of disaster-related deaths in Minamisoma City, Fukushima Prefecture, following the FDNPP accident, focusing on older residents who frequently relocated. This study aimed to examine the relationship between relocation and disaster-related deaths. By examining the characteristics of disaster-related deaths with a focus on relocation, more appropriate measures could be developed to reduce disaster-related deaths through identifying secondary problems associated with relocation in the event of similar disasters.



2 Materials and methods


2.1 Study design and setting

This is a retrospective observational study of residents of Minamisoma City, Fukushima Prefecture, who were identified as disaster-related deaths from March 11, 2011 to March 31, 2022. The tsunami caused by the Great East Japan Earthquake resulted in 636 deaths in Minamisoma City. The southern part of Minamisoma City was identified as an evacuation zone. As of February 14, 2022, 520 disaster-related deaths have occurred due to long-term evacuation (25).



2.2 Study subjects

The study examined 520 Minamisoma residents who died following the earthquake and were officially classified as disaster-related deaths by the city. Japan defines disaster-related deaths broadly, including those caused by conditions aggravated by the disaster or evacuation hardships. These deaths are certified by local committees based on family testimonies. However, there is no national standard for such certifications, and the process varies by municipality.



2.3 Data collection

Data on individuals officially recognized as disaster-related deaths in Minamisoma City were collected. This involved compiling application forms and supporting documents submitted by bereaved families to the city government.

Data on 520 people in Minamisoma City, whose deaths were certified as disaster-related, were collected from information obtained from the city hall in response to requests from bereaved families. Medical information from hospitals or other publicly available sources was not accessible during the data collection process.



2.4 Data analysis

Variables such as age, gender, time from disaster to death, area of residence, number of moves, number of evacuations, and reasons for certification were analyzed using descriptive statistics. In addition, qualitative analysis was conducted by focusing on and describing the subjects who moved more frequently.



2.5 Definition

Evacuation is a process of forced migration or relocation of populations from a hazardous area to a safer one, often necessitated by natural disasters, armed conflicts, or other man-made emergencies.

Relocation is defined as changing one's place of residence, which includes relocation due to evacuation and hospitalization for treatment (number of relocations > number of evacuations).

Disaster-related deaths are defined as deaths not due to direct damage from disasters such as collapsed buildings, fires, and tsunamis (direct deaths), but due to indirect factors such as deterioration of physical condition and psychological shock during the subsequent evacuation period.



2.6 Ethics statement

This study involving humans was approved by the Minamisoma Municipal General Hospital Ethics Committee (approval number: 2–21) and Fukushima Medical University Ethics Committee (reference number: 2020-297). The study was conducted in accordance with local legislation and institutional requirements. The need for informed consent was waived due to the retrospective and anonymized nature of the investigation.




3 Results


3.1 Data analysis and case description

The average age at death of all participants certified as having disaster-related deaths in Minamisoma City was 82.69 years (18). Of the 520 participants, we could obtain the relocation data (“number of relocations”) and the number of days from disaster to death (“number of days until death”) of 518. The average number of relocations between disaster and death was 3.03, and 66.2% of the participants relocated 0–3 times, which means that 33.8% of them relocated more than four times (Figure 2). In addition, the average number of days from the disaster to death was 230.6 for all participants, 161.4 for those who experienced three or fewer relocations (343 people), and 367 for those who experienced four or more relocations (175 people).
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FIGURE 2
 Number of relocations in the 518 cases of disaster-related deaths in Minamisoma City.


Herein, we describe three cases of patients aged over 80 years who required eight or more relocations, including evacuation, whose deaths were certified as disaster-related and reported each case below. These participants were selected, because this study focused on cases of extremely frequent post-disaster relocation in an aging society.



3.2 Case presentations

#1. Stress and illness due to frequent relocation

This was a case of a female patient, who was in her 90s and lived in Minamisoma. Her activity of daily living (ADL) score indicated functional independence at the time of the disaster. When the earthquake occurred, she went upstairs in her home to escape the tsunami. During her evacuation, her daily routine was to take walks; however, she stopped it in November 2011. She worried about her future, crying as she reminded her of her grandchildren and great-grandchildren. Seeing her house destroyed by the tsunami was a shock. The deaths of four individuals who were her associates and a friend in a senior citizen's group were also shocking to her. There was a strong fear that she would not be able to return home while still alive. After her home was damaged, she relocated to evacuation centers in the city, to several relatives' homes in Niigata Prefecture, and then to places in Kanagawa Prefecture and the Nakadori area in Fukushima Prefecture (Figure 1). She became depressed and mentally stressed. She experienced a cerebral infarction and required complete care. She was admitted to a facility but was hospitalized because of a high fever. The patient died of congestive heart failure 606 days after the disaster. Her death was disaster-related because evacuation and stress caused her heart and kidney failure. Retrospectively, the number of her relocations after the disaster was 10 times.

#2. Delayed medical examinations and early detection of cancer due to relocation

This was a case of a female patient, who was in her 80s and lived in Minamisoma. Her ADL score at the time of the disaster indicated functionally independence. After being evacuated, she continued to experience insomnia and loss of appetite due to stress. Although she had not been feeling well during her evacuation, she did not visit a doctor because her family doctor was not available at her evacuation destination. Later, she was diagnosed with gastric cancer and was repeatedly hospitalized. The patient died of gastric cancer 722 days after the disaster. Her death was recognized as disaster-related because the delayed detection of her gastric cancer was attributed to the long period of evacuation. Retrospectively, the number of her relocations after the disaster was 9.

#3. Interruption of treatment due to relocation

This was a case of a male patient, who was in his 80s and lived in Minamisoma. His ADL score at the time of the disaster indicated functionally independence. He had undergone surgery for gastric cancer 6 months prior to the disaster; thus, he had to divide his meals into several portions. Metastases were detected 1 year and 7 months after the surgery, which his doctor diagnosed as being caused by stress due to his lifestyle changes. Owing to the evacuation, he was unable to undergo a scheduled regular examination for gastric cancer. He did not have a letter of introduction and was unable to receive adequate treatment for his gastric cancer at the hospital to which he was evacuated. The patient died of respiratory failure 809 days after the disaster. His death was certified as disaster-related because the evacuation may have hastened his death. Retrospectively, the number of his relocations after the disaster was 8.




4 Discussion

This study showed that even amidst the generalized post-disaster health effects (22), repeated relocation over a long period after a nuclear power plant accident could result in reduced access to medical care, which poses fatal physical and psychological risks and damages to disaster-vulnerable people. This suggests that, although evacuation has benefits, such as reducing disaster risks, including radiation exposure and tsunami damage, the lack of careful post-treatment follow-up and psychological care due to relocation should be considered to worsen the physical and psychological prognosis.

Patients who frequently relocate might have an increased mental burden due to changes in their living environment, which may be associated with disaster-related deaths. In all the cases reported in this report, the patients were aged over 80 years, had relocated eight to 10 times, and died approximately 2 years after the disaster occurred. There was mental stress due to the disaster, evacuation, and completely changed living environments. They not only evacuated immediately after the disaster but also relocated frequently, as a secondary evacuation, to relatives' houses and medical facilities (#1, #2 and #3). Repeated relocation and changes in the environment can cause more stress, and it is highly likely that they will be unable to maintain their daily lives. Interruptions in self-care and regular medical checkups can easily lead to the deterioration of physical conditions (#2 and #3). There is certainly a secondary aspect to the loss of human connections, which is the inability to follow up on treatment and continue mental health care (#1, #2 and #3) (26). Many disaster-vulnerable people, including older adults, require support during disasters, and they are especially susceptible to evacuation. It means that evacuation brings about rapid changes in their living environments (27–29). Furthermore, even after evacuation, there is a risk of harm to health and loss of life (disaster-related deaths) (30). Therefore, in accordance with our own findings, relocation after a disaster has a negative impact on the health of people who were vulnerable to disasters, which requires more attention.

Repeated transfers result in the decline in ADLs, which increases vulnerability. This is not limited to the aging population but may also include people with disabilities receiving medical services and patients undergoing anticancer treatment, among others. Concerns about such situations due to relocation have also been raised. In the cases presented in this report, ADL scores indicated functional independence of the patients at the time of the disaster (#2 and #3). However, over time, their physical functions deteriorated owing to factors such as worsening chronic illnesses. Relocation has also been reported to cause declines in mental and physical function in older adults, even if no new illnesses occur (31). The cause and time of disaster-related deaths varied according to age. Many older adults die, with bedridden people dying within the first 1–2 months, followed by patients with low nursing care levels or dementia dying within the next 3 months (19, 32). After 1 year, depression, suicide, and alcohol use disorders are seen in young people (33).

The Fukushima nuclear accident resulted in marked confusion as evacuations were urgently planned and ordered far beyond the scope of the disaster prevention plan, forcing people to evacuate multiple times for long periods (34). This may require measures to reduce the number of relocations when the post-disaster evacuation is prolonged. This is because, due to multiple long-term and remote area evacuations, it is highly likely that continuity of care is interrupted and sufficient care cannot be provided. As in the cases shown in this report, moving eight times in the 2 years before death was not a reasonably calm life. Although the information was inconclusive, there may have been some relocations that could have been avoided. As a disaster countermeasure, it is possible to set up facilities nearby where people can stay so that they do not have to relocate to distant relatives' homes. At the same time, it is even more fatal if the medical and nursing care that they were previously receiving is interrupted or not available at all. It is important to continue sharing information and provide the same medical and nursing care even when they relocate. Therefore, it is necessary to establish a system that enables continuous support for individuals in the affected areas. In addition, an approach to building resilience is necessary even in the midst of an evacuation (35).

This study has some limitations. First, this case series utilized aggregated data of individuals with disaster-related deaths in Minamisoma City without additional information, such as medical records from hospitals or institutions. Therefore, we could not determine whether the deaths were due to relocation or natural causes. Second, the information was limited to a single local government. Since the number of cases were limited, we only described a few typical cases as a case series in this study. In the future, by obtaining information from other districts and from other sources, it would be possible to deepen our understanding.



5 Conclusion

According to a dataset of disaster-related deaths in one municipality near the FDNPP after the nuclear accident, more than 30% of disaster-related deaths involved four or more relocations. Repeated relocation over a long period accelerates the decline in mental and physical functions, and people often fail to receive regular health checkups or follow-up clinic visits. This occurs especially in people who are vulnerable to disasters, such as older adults and people with illnesses, as described here. Areas that were evacuated during the nuclear power plant accident experienced rapid aging and population decline. To prevent disaster-related deaths in future large-scale disasters, including nuclear disasters, it is important to take measures for disaster-vulnerable populations, taking into consideration the issue of relocation itself and the continuity of care under repeated relocation.
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