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Abstract 

In the event of a radiation emergency such as an accident at a nuclear power plant, urgent 

protective actions, such as evacuation and sheltering-in-place, may be implemented quickly 

for periods of hours or days, to protect against exposures received over relatively short 

timescales. While such actions will protect against harmful effects of radiation exposure, there 

is a risk that the actions themselves may lead to harmful health effects, both physical and 

psychological. For example, evacuation can be very effective at protecting small communities 

from radiation exposures, but for large numbers of people, or without adequate prior planning, 

evacuation can lead to serious physical and psychological health risks. 

Non-radiological risks of evacuation and relocation have been conceptually and qualitatively 

known since the Chornobyl accident but there has been a lack of quantitative assessment of 

these risks with a greater focus on radiological health impacts than non-radiological ones. It is 

now recognised that non-radiological consequences may have more impact on society than 

the radiological consequences. Following the Fukushima accident, the number of deaths in 

the general population associated with protective actions was greater than that prevented by 

the protective actions. In cases where evacuations were unplanned and carried out in haste, 

the risks of the protective action were greater still, possibly orders of magnitude higher than 

the estimated radiation risk. Similarly, it is estimated that at least one third of the relocations 

that took place in 1986 following the accident at Chornobyl caused a greater estimated loss of 

life expectancy than that expected from the radiation exposure that would have occurred had 

relocations not taken place. 

This review looks at the non-radiological impacts on health reported in the literature from 

evacuation, temporary relocation, and sheltering-in-place. A wide range of physical health 

effects, including injuries, obesity, diabetes, cardiovascular disease and kidney disease, are 

considered as well as psychological impacts such as stress, depression and anxiety. 

Psychological effects, which have been reported after three of the most notable nuclear 

accidents (Three Mile Island, Chornobyl and Fukushima), may be among the most significant 

non-radiological impacts resulting from an accident and can exceed the direct health effects 

associated with radiation exposure that would have been received if the population had 

remained in situ. However, until recently, assessments have tended not to take account of the 

psychosocial costs of protective actions. 

As well as the general population, this review gives separate consideration of the non-

radiological risks to vulnerable groups such as children, hospital inpatients and residents at 

nursing homes, and those affected by additional medical or care requirements, socioeconomic 
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constraints, or pregnancy, as their needs may be different. Evidence from the accident at the 

Fukushima Daiichi Nuclear Power Plant in 2011 highlighted that there may have been severe 

problems for the most vulnerable groups such as hospital inpatients or residents at nursing 

homes for the elderly. 

The growing awareness of the importance of non-radiological health impacts, and the 

importance of considering different populations, should lead to their inclusion in the planning 

and implementation of protective actions by decisions makers in the event of a radiation 

emergency. 
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1 Introduction 

In the event of a radiation emergency such as an accident at a nuclear power plant, urgent 

protective actions, such as sheltering-in-place, evacuation or administration of stable iodine, 

may be implemented quickly for periods of hours or days, to protect against exposures 

received over relatively short timescales. Such actions will protect against harmful effects of 

radiation exposure, both direct tissue damage (deterministic effects) such as radiation burns, 

radiation sickness, cataracts and fatalities, and an increased risk of health problems such as 

cancer incidence in the future (stochastic effects). In its advice on public health protection in 

the event of radiation emergencies (Nisbet, 2019), PHE outlines how the principles of 

justification and optimisation should be applied to urgent protective actions to ensure that they 

(a) do more good than harm in the broadest sense; and (b) maximise the benefit achieved. 

Justification and optimisation take account of all expected consequences, both beneficial and 

undesirable, including radiation and wider health risks (including psychological impact); 

consequential injuries; economic consequences; social and environmental factors. 

Non-radiological risks of evacuation and relocation have been conceptually and qualitatively 

known since the Chornobyl accident but there has been a lack of quantitative assessment of 

these risks (Murakami et al, 2015) and the potential for non-radiological consequences, which 

may have more impact on society than the radiological consequence, is often underestimated 

(Martell et al, 2022). International safety standards such as IAEA (2014) and IAEA (2015a) 

give general instructions that non-radiological consequences should be taken into account 

when deciding on potential actions, however there is limited detail included (WHO, 2020). In 

particular until recently, there has been little guidance on how to explicitly address 

psychosocial impacts and the importance of planning to manage them, and few practical tools 

for including mental health issues in the response to radiation emergencies (WHO, 2020). 

Assessments of disasters have therefore tended not to take account of the psychosocial costs 

(OECD, 2018). 

Evidence from the accident at the Fukushima Daiichi Nuclear Power Plant (Fukushima NPP) 

in 2011 has shown that a range of health effects, including some preventable deaths, occurred 

after evacuation orders were implemented (NEA, to be published; Oka, 2022; Tsubokura, 

2018; US NRC, 2021; WHO, 2016). The evacuations were broadly in line with the IAEA 

recommendations at the time and were taken to also protect against potential further 

deterioration in the situation at the NPP. However, in retrospect, it is likely that the non-

radiological health impacts of the protective actions implemented at Fukushima were not 

adequately considered at the time (Callen and McKenna, 2018). Evidence from Fukushima 

highlighted that there may have been severe problems for the most vulnerable groups such as 

hospital inpatients or residents at nursing homes for the elderly. These groups may be 

particularly vulnerable to the impacts of evacuation, temporary relocation, or sheltering-in-

place. There was also a huge psychological impact following the Fukushima accident. Since 

then there has been increasing recognition of the importance of mental health and 

psychosocial support following radiation emergencies (Lagergren Lindberg et al, 2022). The 

World Health Organisation published a framework for mental health and psychosocial support 

in radiological and nuclear emergencies (WHO, 2020) and the Nuclear Energy Agency is 

developing practical guidance (NEA, to be published). 
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There is increasing recognition of the potential for health effects arising from protective actions 

(Ohba et al, 2021) with increased discussion on emergency evacuations during a nuclear 

accident (Thomas, 2017). The International Commission on Radiological Protection (ICRP) 

included sections on societal consequences and health impacts of changes in lifestyle 

associated with protective actions in one of its more recent reports (ICRP, 2020) and the US 

Nuclear Regulatory Commission published an analysis of non-radiological health impacts of 

evacuation and relocation (US NRC, 2021). However, there is still a risk that health impacts, 

including deaths, from the implementation of protective actions (particularly wide-scale 

evacuation or temporary relocation) could happen again in the event of another large-scale 

nuclear power plant accident. This review aims to look more closely at the non-radiological 

impacts on health from evacuation, temporary relocation, and sheltering-in-place. 

1.1 Scope of report 

Nisbet (2019), the most recent iteration of UKHSA advice regarding protective actions in a 

radiation emergency, considers urgent protective actions such as sheltering-in-place 

(hereafter generally referred to as sheltering) and evacuation to last only for hours and days. 

In this report, sheltering is assumed to last for hours and no more than day or two at most, and 

evacuations to last no more than about a week. Sometimes longer-term protective actions are 

also required. For example, temporary relocation lasts for an extended but limited period of 

time, weeks, months or years depending on the characteristics and extent of the 

contamination (Nisbet, 2019). This report considers the health effects of temporary relocation 

as well as the urgent protective measures of evacuation and sheltering, following a radiation 

emergency, such as an accident at a nuclear power plant. Effects related to other actions, 

including taking stable iodine, or restrictions on food and drink, are not considered in this 

report. 

Physical and psychological health effects are considered, in line with the World Health 

Organisation definition of health which includes physical, mental and social wellbeing (WHO, 

1948). 

This report considers most radiological incidents, but nuclear detonations, including 

improvised nuclear devices, are not considered. It looks at the general population and 

vulnerable groups such as residents of hospitals or care homes; children; and adults living 

independently who have medical or care needs. The report does not consider the following 

groups: 

• Groups who must remain in the affected area to deal with the emergency, to maintain 

essential infrastructure, or to attend to livestock. 

• Impacts on a host community as a result of the influx of evacuees. 

• Return of displaced populations, whether that is days, weeks, months or even years 

into the future. 

Some of the data found provided quantitative data, for instance the risk of death, the risk of 

injury, the prevalence of a particular health effect, or the loss of life expectancy (LLE), which is 

the average lost lifetime, compared to the estimated average age at death. While such values 

are useful, papers that only gave qualitative information were not excluded. 
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In any disaster scenario the population may be affected by exposure to primary or secondary 

stressors, with radiation emergencies bringing unique stressors (WHO, 2020). Primary 

stressors arise directly from the disaster, for example the direct effects of radiation would be 

the primary stressor in a radiological event. Primary stressors may also be subjective (Moran, 

2014), for example anxiety due to fear of radiation, which may be greater than anxiety caused 

by any other primary stressors. Secondary stressors are stressful consequences caused by 

the primary stressor (Moran, 2014) including the impacts of any measures, such as 

evacuation, temporary relocation or sheltering, implemented in response to the primary 

stressor. This review’s aim was to identify and describe the health impacts of protective 

actions (ie secondary stressors). However, the literature did not always clearly differentiate 

between the effects of primary and secondary stressors. Such papers were included in the 

literature review as the information they provided was still considered to be useful. See 

Section 6.3 for discussion of the influences of different stressors. 

1.2 Structure of report 

This report describes the literature review used to obtain information (Section 2). Findings are 

presented on the non-radiological health impacts of evacuation (Section 3), temporary 

relocation (Section 4) and sheltering-in-place (Section 5), with each of these three sections 

distinguishing between general and vulnerable populations. Section 6 contains discussion that 

compares sheltering with evacuation and temporary relocation, as well as planning, 

communication and limitations of this review. Section 7 provides conclusions and key 

messages, with a glossary of terms given in Section 8. 

2 Literature review 

2.1 Aims of review 

The literature review looked at harms, including psychosocial impacts, introduced by 

implementing evacuation, temporary relocation and sheltering-in-place, to provide a broader 

context to those involved in public health decisions following a radiation emergency. The 

impact of these actions on vulnerable populations was considered separately to reflect the 

different needs from the general population. The review aimed to focus on UK experience, 

though as this is limited, international experience was also considered. 

2.2 Literature searches 

Initial literature searches were carried out using Scopus, Embase, Medline, Global Health and 

Web of Science. Search terms included “shelter”, “sheltering”, “shelter-in-place” “evacuation”, 

“relocation”, “radiation”, “nuclear disaster”, “chemical”, “flood”, and “health effect”. The 

literature searches were restricted to material published since 2016, and these search results 

were added to those identified in earlier research by PHE (predecessor to UKHSA) on 

emergency countermeasures/urgent protective actions that included a literature review 

covering the period up to 2016. 
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2.3 Results of literature searches 

Overall, around 2,500 potentially useful references were identified. A review process, as 

illustrated in Figure 1 was used to determine which were most relevant for this study. 

Figure 1 Review process for shortlisting references 

 

2.4 Extended searches 

Some of the references cited within the articles read were followed up. It also became clear 

that some initial assumptions of the literature searches needed to be adapted or broadened. 

Therefore, some additional searches, using the Scopus database and internet searches, were 

carried out in three main areas as described below. Some references prior to 2016 were 

~ 2,500 references identified 

References briefly reviewed, with main focus on title only. 

References rejected if 

• Main article not in English (although title and/or abstract were in English) 

• Article not related to health impacts 

• Article related to medical uses of the term “evacuation” (eg emptying the 

bowels or other organ) 

~ 500 references shortlisted 

Abstracts reviewed 

References rejected if on closer inspection: 

• Evacuation was from one building rather than from an area 

• Article considered effectiveness of protective action(s) but not additional 

impacts 

• Article clearly found not to be relevant to aims of review 

~ 200 references identified to be read in detail 

Around 50 references then rejected and not carried into 

this report because of lack of relevant information or 

concern about the validity of the findings. 
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identified during this process and considered in the review if they appeared to be particularly 

relevant. 

• Non-radiation emergencies - Fortunately, there are relatively few cases where 

urgent protective actions have been required following a radiation emergency. Three 

notable examples are the accidents at Three Mile Island (1979), Chornobyl (1986) 

and Fukushima (2011). It was therefore decided to include literature relating to non-

radiological emergencies, such as hurricanes, fires, flooding, or emergencies involving 

release of toxic chemicals, if evacuation, temporary relocation or sheltering-in-place 

were implemented. Other than a report about protective actions during chemical 

incidents and fires (PHE, 2020) and information on flooding or the COVID pandemic, 

relevant information on UK evacuations was sparse. Therefore, both UK and 

international experience were included, with particular attention given to locations 

considered as fairly similar to the UK, based on climate and demographics. 

• Vulnerable populations - Before undertaking this literature review, only hospital 

patients were considered as “vulnerable populations”. As the literature review 

progressed this definition was extended to include residents of nursing homes; 

children; adults with medical or care requirements, for example the elderly, people 

with disabilities, or neurodiverse individuals; those affected by socioeconomic factors, 

and pregnant women. 

• Additional terms of interest - New areas of interest emerged that required specific 

searches to be carried out. These included a wider range of health effects then was 

first anticipated, such as polycythemia, tuberculosis, liver dysfunction, and metabolic 

syndrome. Additionally, themes of traffic flow during mass evacuations, separation of 

families, communication methods, social isolation, stigma and self-abuse were 

investigated. 

3 Non-radiological health impacts of evacuation 

Despite perceptions of mass panic in emergencies, the general public tends to act rationally 

and cooperatively, showing altruism and mutual support (Carter et al, 2014; Government 

Communication Service, 2022; IASC, 2007). Even so, evacuations, especially if conducted 

without adequate preparation, can put psychological strain and physical burdens on evacuees. 

The health effects attributable to evacuation, as described in the following sub-sections are 

those that may occur within a few days of the accident, and certainly within a week or so. 

Effects that arise from longer-term displacement from home are included in the section on 

temporary relocation (Section 4). 

3.1 General population 

There is evidence that there are risks associated with the acts of preparation for evacuation, 

travel, or from living in the evacuation location, even for a relatively short time. Consequences 

of evacuation, including fatalities, have been seen following natural disasters. Information from 

county medical examiners and funeral homes following Hurricane Rita in 2005 indicate that of 

111 deaths in Texas linked to the hurricane, 90 deaths (81%) were related to the evacuation 

process (Zachria and Patel, 2006). Although (Waite et al, 2017) shows flooding has a more 
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significant impact on mental health than evacuation, Menne and Murray (2013) report that 

evacuation and the disruption associated with it were the most significant stressors for victims 

of flooding in England and Wales. Evacuations following radiation accidents have also been 

linked to fatalities, with deaths not directly attributed to the primary stressor (eg radiation) but 

from related causes classes as disaster related deaths (DRDs). Following the Fukushima 

Daiichi Nuclear Power Plant (Fukushima NPP) accident, fatigue or exhaustion from travelling 

from the incident area to the evacuation area is reported to account for between 24% and 30% 

of DRDs, while fatigue or exhaustion from living in evacuation facilities accounts for between 

34% and 41% (Hayakawa, 2016; Saji, 2013). These were the two largest causes of DRDs. In 

comparison, fatigue or stress from the Great East Japan Earthquake (GEJE) and tsunami 

were responsible for between 3% and 9% of all DRDs and stress from the Fukushima NPP 

accident was responsible for just 2% or 3% of DRDs. Within the first month after evacuation, it 

is estimated that 2,688 out of 460,000 evacuated people died at shelters (Hasegawa et al, 

2016). This is equivalent to a daily death rate of 0.19 deaths per 1,000 evacuees, about seven 

times Japan’s estimated 2011 general death rate of 9.4 deaths per 1,000 people per year 

(Macrotrends, 2023), equivalent to a daily death rate of 0.026 per 1,000 people. 

3.1.1 Road traffic accidents 

Many evacuations involve road transport, so there is a risk of death or injury from traffic 

accidents. There are extreme examples, such as a bus fire during the Hurricane Rita 

evacuations which killed 24 people (Regnier, 2008), though minor accidents and incidents are 

more common. 

It is not straightforward to evaluate the risk of death from traffic accidents during evacuation 

compared to normal driving conditions. The amount of traffic may increase, for example some 

reports suggest poor traffic management (Dombroski et al, 2006) with severe traffic jams 

during evacuations after the Three Mile Island accident (Ohba et al, 2021) while others 

suggest that traffic was just a bit heavier than usual (Bastien et al, 1985). Major traffic jams 

were reported on main roads during evacuations following the Fukushima NPP accident 

(IAEA, 2015b). It could be hypothesised that a large-scale evacuation could lead to chaos and 

traffic congestion on the roads, resulting in more accidents than in normal driving conditions. 

An alternative theory is that largely unidirectional traffic flow, coupled with low driving speeds 

caused by heavy traffic during evacuation conditions, will lead to a lower likelihood of 

hazardous driving and a lower risk of death than during normal transport. A lower than usual 

number of accidents was reported during evacuations after the Three Mile Island accident 

(Bastien et al, 1985). It is therefore not unreasonable to assume that the risk, in terms of 

deaths per distance travelled, is about the same as for normal road transport. This is backed 

up by data on evacuations in the USA which showed that the death risk during evacuation of 

the public who do not need support is about the same as that during normal road travel 

(Callen-Kovtunova et al, 2022). The death rate for car occupants during normal road transport 

in the UK is 1.6 fatalities per billion passenger miles (Department for Transport, 2020), 

equivalent to a risk of death per person of around 2 10-7 per 100 miles travelled, 
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3.1.2 Risk of death other than from road traffic accidents 

Non-radiological risks of death from evacuation, other than transport-related risk, include 

short-term risks of death due to accidents that occur either during the preparation for 

evacuation, or associated with residing at the evacuation centre. It was suggested (Aumonier 

and Morrey, 1990) that these risks are generally similar to everyday risks but may be slightly 

higher (by less than an order of magnitude) due to haste during evacuation and unfamiliarity 

with the evacuation centre. There is also an increased risk of disease associated with 

crowding in an evacuation centre, though this is hard to quantify. Conversely, analysis of 

evacuated and non-displaced groups found that evacuation was sometimes associated with 

slightly lower mortality (US NRC, 2021).  

It is reported that around 6,000 deaths occur in the UK each year as a result of accidents in 

the home (RoSPA, 2023). This suggests a risk of death from an accident at home of about 1 

in 11,300 per year, equivalent to a daily risk of death of 2.4 x 10-7. Assuming the risk of death 

during emergency circumstances is similar to this, the estimated daily non-transport risk of 

death from preparation for evacuation and time in the relocation centre is roughly equal to, or 

slightly higher than, the transport related risk per person from making a total journey of 100 

miles, as estimated in Section 3.1.1. This balance of risks will be different if evacuation 

distance or length of time at the evacuation centre changes, but it is likely that for the shorter 

evacuation distances typical in the UK the risk of death from transport will be the less 

significant element. 

3.1.3 Psychological impact 

Three of the most notable nuclear accidents (Three Mile Island, Chornobyl and Fukushima) 

have one common health effect for survivors: psychological impact. It is recognised that 

radiological or nuclear accidents have unique factors and that the perceived risks of radiation 

exposure can cause mental health issues (NEA, to be published). There are also mental 

health impacts linked to evacuations. Natural disasters have also resulted in psychological 

impacts linked to evacuation, with anxiety, depression and Post-Traumatic Stress Disorder 

(PTSD) reported following hurricanes (Blackburn and Shelke, 2022; Taioli et al, 2018), and 

flooding (Menne and Murray, 2013; Munro et al, 2017; Paranjothy et al, 2011; Waite et al, 

2017) and depression reported following wildfires (Lalani et al, 2021). Evacuation following 

emergency scenarios can have acute psychological impacts which may undermine long-term 

health, both physical and psychological (IASC, 2007). Following the English floods of 2013 

and 2014, Waite et al (2017) found that among the people whose homes were not flooded, 

there was higher prevalence, though not significant, of depression, anxiety, or PTSD among 

those who evacuated compared to those who remained within their home, while Munro et al 

(2017) found a link between evacuation or displacement and mental health even when the 

primary stressor of flooding was removed. Causes may be linked to conditions in an 

evacuation centre, including issues with security and privacy (Kett, 2005; Taioli et al, 2018). 

Minimisation of time spent in temporary evacuation are thought to be important as 

psychosocial impacts were found to be reduced when disruption to evacuees was minimized 

(Health Canada, 2020). In contrast, (Munro et al, 2017) found no association between the 

duration of displacement following flooding and mental health symptoms. 
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3.2 Vulnerable populations 

Evacuation can be more challenging for certain groups of the population, leading to 

considerable health risks (WHO, 2016). For example, evacuation of institutionalised settings 

such as hospitals or nursing homes are complex, due to medical or care needs, particularly if 

intensive medical care is required (Bagaria et al, 2009; Stenke et al, 2016). Outside of 

institutions, some groups living independently at home may also be considered to have 

additional vulnerabilities. Examples include the elderly and people with disabilities or pre-

existing conditions such as diabetes, and neurodiverse individuals. Children may also be more 

vulnerable to the impacts of evacuation, both physically and psychologically. If an emergency 

occurs during the school day this may lead to familial separation, which is likely to cause 

additional stress to both children and parents. Socioeconomic constraints may also make 

some groups or individuals more vulnerable (Renne, 2018) and any emergency may have an 

impact on pregnancies. Not all individuals in a population identified as vulnerable will require 

assistance during evacuation, and not all vulnerable populations will be vulnerable at the 

same time. However, the needs of vulnerable groups should be considered when developing 

plans for evacuation. 

3.2.1 Patients in hospitals, and nursing/care homes 

Studies of evacuations of nursing homes and hospitals following the Fukushima NPP accident 

and hurricanes in the United States, show an association between hasty evacuations and 

increased mortality rates. A review of 35 studies of relocated elderly residents between 1970 

and 1992 (Castle, 2001) found that post-relocation mortality rates ranged between 0 and 43%. 

A study of effects of evacuation of nursing home residents concluded that evacuation 

significantly increased morbidity and mortality (Dosa et al, 2012). 

Following the Fukushima NPP accident, evacuation of many elderly residents from hospital 

and nursing care facilities took place with the intention of protecting against radiation 

exposure. Many of these evacuations took place early in the response, in a hurry, and without 

planning. Hasegawa et al (2015) and Ohba et al (2021) reported that evacuees were often 

transported with no medical care, food or even water for many hours during the evacuation. 

Deaths during, or shortly after, evacuations of nursing home patients have been attributed to 

hypothermia, dehydration, the physical burdens of evacuation, interruptions in care, and 

worsening of existing conditions without adequate support (Hasegawa et al, 2015; NEA, to be 

published). In one case, hasty evacuation of 800 elderly hospitalised patients without medical 

personnel, medical supplies, or heating is reported to have caused 50 deaths (Hasegawa et 

al, 2016; Tanigawa et al, 2012). Without adequate support, the risk of death from evacuations 

of hospitals and nursing care facilities is estimated to be about 60 per 1000 (Callen-Kovtunova 

et al, 2022), with mortality rates among elderly, institutionalised people generally found to 

increase from between three times (Ohto et al, 2017) to nearly four times (Nomura et al, 

2016c). In contrast, another hospital evacuation, which took place a little later in the response, 

and was carried out in an organised manner over a four day period with planned medical 

support, saw no lives lost among 509 inpatients and elderly people (Hasegawa et al, 2016). 

Separate from the findings related to evacuations following the Fukushima NPP accident, a 

review (Willoughby et al, 2017) of ten studies on evacuations of nursing homes found that only 

one study reported no deaths post-evacuation. 
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Following earthquakes in the Kumamoto prefecture in 2016, evacuations of 38 new-born 

infants from a hospital’s neonatal intensive care unit considered the clinical backgrounds of 

the patients and managed to provide medical care throughout the evacuation. As a result of 

this there was only one adverse incident, a case of hypothermia in a low birth-weight infant, 

although risk factors were seen to be greater in those patients transported out of, rather than 

within, the prefecture (Iwata et al, 2017). 

Increased mortality and morbidity1 were also attributed to poor management of evacuations 

when hurricanes Katrina, Rita and Gustav hit the United States (Hyer et al, 2007; Nomura et 

al, 2016a). Florida, with extensive experience of disasters and evacuation, fared better than 

other areas. Emergency preparedness infrastructure and policies in Florida allowed 13,000 

residents of nursing homes, assisted living facilities and continuing-care retirement facilities to 

be evacuated during hurricanes Katrina, Rita and six other hurricanes in 2004/2005 with no 

evacuation-related deaths (Hyer et al, 2007). 

3.2.2 Children 

Hazards of evacuation can of course affect children as well as adults. (Gu et al, 2016) studied 

videos of real emergency evacuations and analysed the emergency evacuation behaviour of 

school students in the event of earthquakes. The number of students departing from a 

classroom each second, and the cumulative curve of the number of departures was compared 

in normal and emergency conditions. Under normal conditions the number of departures per 

second was quite stable, with a linear cumulative departure curve, indicating uniform motion. 

In emergency situations an increased mean value and variance of departure numbers per 

second was seen, with the cumulative curve becoming non-linear. Increased reaction times 

were also observed in emergency conditions. Overall, students’ emergency behaviour was 

seen to be more chaotic, suggesting that risks of falls, trips and other minor accidents would 

be elevated during emergency evacuation. 

Evacuation centres themselves may contain physical hazards for children, for example playing 

on stairs. At best, centres may not offer adequate support, for example play opportunities or 

paediatric mental health resources, to families (Mace et al, 2010). Thienkrua et al (2006) 

reports a small occurrence of depression and PTSD symptoms among relocated children 

living in evacuation camps, that is associated with the experience of living in the camp, rather 

than the trauma of the tsunami that led to the relocation. There is also cause for concern that 

children living in evacuation centres may be particularly prone to infectious diseases. 

Children can also be affected psychologically by evacuation, with the development of 

emotional problems having been seen in evacuated children. Children evacuated outside of 

the Fukushima prefecture after the GEJE, tsunami and NPP accident were seen to be at 

significant risk of developing emotional symptoms (Oe et al, 2018). If evacuation takes place 

during the school day, children may be evacuated separately from their families, and this can 

increase psychological distress experienced by both the children and the parents. It is also 

known that early childhood exposure to major stress is a well-established risk factor for adult 

mental health issues (Havenaar et al, 2016). 

 
1 morbidity is the condition of having a disease, or the amount of disease within a population. 
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3.2.3 People living independently with medical or care requirements 

Whilst hospitals and nursing/care homes look after some of the elderly population and those 

with medical or additional needs, many individuals continue to live independently at home. 

Behr and Diaz (2013) noted that in cases of storm events, the elderly population tended to 

shelter-in-place rather than evacuate, suggesting that there are factors reducing their ability to 

evacuate. Problems with perception, cognition and physical mobility may occur with increasing 

age, suggesting that evacuation of this section of the population is likely to be more 

problematic and require assistance with evacuation, especially for those living alone. Older 

adults will generally have different needs to the younger population. Disruption of routine and 

unfamiliar environments while living in evacuation centres can make older adults vulnerable to 

depression (Holle et al, 2019). Older people have been seen to be vulnerable after major 

disasters, with people aged 66 years or older accounting for about 89% of DRDs following the 

Fukushima disaster (Tanaka, 2015). It has been shown (Lee et al, 2016; Malik et al, 2018) that 

there was an increase in attendance of adults aged 65 or over, or with diabetes, at the New 

York City Emergency Department in the first week after Hurricane Sandy, with the largest 

increase seen in the evacuation zone most vulnerable to flooding. 

For those with physical disabilities, not only can the evacuation process be more difficult, if 

evacuation centres are not suitable this can not only cause practical difficulties, but can 

impose a psychological burden if an individual feels they are a nuisance to others (Sawano et 

al, 2019). 

Another part of the population that is likely to need particular attention if forced to evacuate is 

neurodiverse individuals. The term neurodiverse refers to a variety of conditions including 

autism, dyslexia, dyscalculia, attention deficit hyperactivity disorder (ADHD), obsessive 

compulsive disorder (OCD) and Tourette’s syndrome. Such conditions are natural variations in 

how the brain works and the term “neurodiverse” covers a range of abilities. It is likely 

however, that at least some of this group may find changes in routine difficult, may be unable 

to adapt to a widely different situation, may have problems understanding and following 

instructions, and may struggle with social interactions, possibly becoming overwhelmed 

meeting a lot of unfamiliar people. The evacuation process and time spent at evacuation 

centres are therefore likely to be more stressful for neurodiverse people than for neurotypical 

people. 

3.2.4 People with socioeconomic constraints 

The process of evacuation may be more challenging for certain groups (Chen and Li, 2017; 

IASC, 2007). For those without access to a car (eg tourists, young people who may rely on 

public transport rather than owning a car and elderly populations who may no longer drive) 

evacuation may be difficult. This may be less of an issue for evacuations following an accident 

at a UK nuclear power plant as these are likely to include provision for evacuation by bus or 

coach. However assumptions about availability of buses and drivers, and failure to incorporate 

non-car users into plans can all be barriers to effective evacuation planning (Renne, 2018). 

Evacuation may also be more difficult for those with limited finances, or with limited 

understanding of the English language. 

Different populations may particularly show different resilience and responses, regarding 

mental health impacts. Non-medical factors, such as education, income, employment and job 
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security, food security, housing, and childhood development, influence health outcomes and 

can account for variations of 30% to 55% in health outcomes between different populations 

(NEA, to be published). Difficulties with evacuation are also likely to increase the 

psychological impacts of evacuation. Additionally, those who are less fluent in English may 

also find life in the evacuation centre especially isolating, which may impact their mental 

health. 

3.2.5 Pregnancy 

Some evidence was found in the literature about birth rates, abortions, and decisions to avoid 

pregnancy following radiological accidents, though no differences were reported between 

relocated and non-relocated populations. Following the Chornobyl accident, a drop in birth 

rates was seen in several European countries in the first quarter of 1987 (Körblein, 2021). An 

intentional decrease in the number of planned pregnancies in the first weeks after the 

accident, and an increase in induced abortions was reported in Italy (Bertollini et al, 1990) and 

Greece (Trichopoulos et al, 1987) while Bromet and Havenaar (2007) reported set up of 

“abortion assembly lines” after the Chornobyl accident. These effects are thought to be linked 

to stress caused by the disaster and belief that there was a high risk of abnormalities in the 

embryos. Lower live birth rates have also been reported following the Fukushima NPP 

accident, with an observed 20% decrease in delivery rate in the Fukushima prefecture and a 

9% decrease in live births in Fukushima and ten surrounding prefectures (Körblein, 2021). A 

highly significant association between decline in birth rate in December 2011 and mean 

effective dose in different areas was reported by Körblein (2021) who suggests that this 

reflects early deaths of the conceptus from high radiation exposure. However, Fujimori et al 

(2014) report that the incidences of miscarriage and induced abortions indicated no change 

after the Fukushima NPP accident and that the incidence of congenital malformation 

corresponded to the average rate over the whole of Japan. It is however possible that women 

from the areas with higher effective dose had increased concern over the risks of pregnancy 

and avoided pregnancy after the accident. 

4 Non-radiological health impacts of temporary relocation 

If evacuation extends beyond a few days, then people are considered to have been 

temporarily relocated. Health effects attributable to evacuation, occurring within the first week 

or so, are described in Section 3. This section concerns the effects seen when people are 

away from home for weeks, or possibly even up to years. The terms “displaced population” 

and “displaced residents” are used in this section to refer to people subject to temporary 

relocation. 

4.1 General population 

Relocation may affect health outcomes in a variety of ways, some of which can be long 

lasting. Health impacts include mental health issues, obesity, diabetes, cardiovascular 

disease, hypertension, kidney disease, metabolic changes, and other illness. A statistically 

significant increase in prevalence was seen for 9 out of 14 health effects studied (US NRC, 
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2021) with a positive odds ratio, indicating an association, seen for the other health effects. 

Eto et al (2019) reported that in the years following the Fukushima NPP accident, a number of 

statistically significant negative health effects were seen among the displaced population, 

despite the displaced population showing a significant increase in the amount of exercise 

compared to no such increase in the non-displaced population. It is thought that an overall 

shift to a sedentary lifestyle among the displaced population is more significant than any 

increase in exercise. “Disuse syndrome”, physical inactivity leading to deterioration of many 

aspects of physical health, is recognised by Oka (2022) as being linked to prolonged 

evacuations and causing cardiovascular and musculoskeletal health, obesity, depression and 

premature ageing. 

There is an abundance of information available in the literature on a wide range of health 

impacts in the populations relocated following the accident at the Fukushima Daiichi Nuclear 

Power Plant (Fukushima NPP). Both physical and psychological effects were seen and are 

described in the following subsections. It is important to note that there is some dependency 

between physical and psychological health impacts. For example, depression may be linked to 

a lack of physical activity which can lead to weight gain and obesity which in turn is linked to 

other conditions such as diabetes or cardiovascular disease. It is also important to recognise 

that when considering the data from Fukushima, it can be difficult to separate the effects of the 

earthquake/tsunami and NPP accident (primary stressors) from the effects of relocation 

(secondary stressor). This is discussed in Section 6.3. 

4.1.1 Psychological impact 

Temporary relocation is associated with a number of psychological problems, which can be 

greater than the radiation-induced health impacts being avoided (Hasegawa et al, 2015; NEA, 

to be published; WHO, 2020). People may fear being separated from loved ones, being 

socially excluded and subject to stigma (see Section 4.1.1.4), not being able to work and 

losing their jobs (IASC, 2020). Relocation can interrupt the emotional support provided by the 

community that would normally help provide strength against both the primary stressor and 

the challenges of living in an unfamiliar environment, with associated lifestyle changes. 

Without adequate support networks mental disorders may develop, or pre-existing ones 

become amplified (Fussell and Lowe, 2014; IASC, 2007; Lyamzina, 2018). Increases in the 

incidence of psychological distress, depression and Post-Traumatic Stress Disorder (PTSD) 

among residents relocated from the Fukushima prefecture were reported by several authors 

(Hasegawa et al, 2016; Kunii et al, 2016; Lagergren Lindberg et al, 2022; Oe et al, 2016a; Oe 

et al, 2018; Ohto et al, 2017; Tsujiuchi et al, 2016; WHO, 2016). Studies of natural disasters 

also found increased frequencies of anxiety and depression among displaced populations (US 

NRC, 2021). 

It is noted that psychosocial experiences can oscillate between distress and recovery (Stanke 

et al, 2012). This is seen in a three year study of relocated residents (Oe et al, 2017) where 

19.3% of the study population showed signs of PTSD in the first two years, but none by the 

end of the study. Conversely another part of the study population, 17.7%, showed worsening 

of symptoms, with PTSD at the end of the study despite showing no definite symptoms earlier. 

Lagergren Lindberg et al (2022) reported that data from the Mental Health and Lifetime Survey 

(MHLS), following the GEJE and Fukushima NPP accident showed that in 2012 there was a 

prevalence for probable depression of 14.6% among the adult displaced population. This 
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showed a slow decrease to 9.7% in 2014. In comparison the prevalence of depression in the 

general population in Japan is around 3%. 

Psychological stress can lead to self-medication of alcohol or drugs, with displaced 

populations seen as being at greater risk of substance abuse (Hanna, 2017). This can in turn 

cause a range of health problems associated with substance abuse. 

In extreme cases psychological effects may lead to loss of life through suicide. In the five 

years following the GEJE and Fukushima NPP accident, 83 deaths were classified as disaster 

related suicides, with more of these occurring in Fukushima than in the neighbouring 

prefectures of Iwate and Miyagi (Maeda and Oe, 2017). It is not certain whether these suicides 

had more association with relocation or radiation (actual or perceived exposure) though it is 

suggested (Maeda et al, 2016) that difficulties faced by the population including stigma about 

radiation, uncertainties and distrust in authorities contributed to PTSD and depression, known 

to be risk factors for suicide. Certainly, comparison of the suicide rate in each prefecture with 

the average suicide rate in the Japanese population for the period 2010 to 2014, shows the 

same pattern over time seen in all three prefectures. Callen-Kovtunova et al (2022) reported 

that the standardised suicide mortality ratio decreased in Fukushima Prefecture during the first 

2 years after the Fukushima NPP accident compared with 2010 but exceeded the pre-accident 

level in 2014, despite suicide prevalence declining slightly in Japan. This is the same pattern 

as seen following some natural disasters (Kõlves et al, 2013) and is known to be associated 

with a weakening of social ties, a known effect of relocation. 

4.1.1.1 Causes of psychological distress 

Psychological distress among displaced residents has been associated with a number of 

aspects of relocation. Housing stability has been shown to play an important role (Fussell and 

Lowe, 2014). Elements of this include: 

• Satisfaction with accommodation. This was one of the most significant elements, with 

psychological distress seen in 44% of displaced residents who reported being 

dissatisfied with their accommodation and only 24% of those who reported satisfaction 

(Horikoshi et al, 2016). 

• Type of accommodation. More psychological impacts were seen among displaced 

residents living in rented accommodation, evacuation shelters or temporary housing 

compared to those living in a relatives' home or to residents remaining in their own 

home (Kunii et al, 2016). Fussell and Lowe (2014) found higher levels of mental 

health problems among displaced populations staying in a hotel or with friends 

compared to those staying with relatives. Some positive impacts have been seen from 

temporary relocation with strangers; following the earthquake in Canterbury, New 

Zealand, both displaced residents and hosts reported feelings of increased emotional 

support and safety (Burton et al, 2013). 

• Number of relocations. Following the GEJE and Fukushima NPP accident, several 

displaced residents were subject to multiple relocations, with more than 20% obliged 

to relocate more than six times (Hasegawa et al, 2016). Psychological distress was 

found in 36% of those who relocated four or more times, compared to only 24% of 

those who relocated less than four times (Horikoshi et al, 2016). 
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• Separation of families. Breakup of households occurred in 39% of families relocating 

from Fukushima (Maeda et al, 2016) with separated families being reported as one of 

the main reasons for psychological distress following the Fukushima disaster (Oe et 

al, 2016b). 

Along with changes in living environment, job losses and inactivity are known to contribute to 

mental stress (Ochi et al, 2018). Some of the people who had to relocate from evacuation 

areas following the Fukushima NPP accident were allowed to temporarily return to the area for 

work each day. For these workers, longer commutes and increased work burdens and 

amounts of overtime could have resulted in increased mental stresses. However the protective 

factors of maintaining work satisfaction, physical activity and a social network helped the 

majority (52%) of them balance the increased work burdens and increased stresses linked to 

relocation and maintain their overall mental health (Orui et al, 2018). 

4.1.1.2 Post-Traumatic Stress Disorder (PTSD) 

Post-Traumatic Stress Disorder (PTSD), a form of anxiety disorder, is a recognised form of 

mental health illness, with higher incidence of PTSD seen among displaced populations 

following the Fukushima accident than in other parts of Japan (WHO, 2016). Reported rates of 

PTSD within one year of the Fukushima NPP accident were between 21.6% (Ohto et al, 2017) 

and 59.4% (Tsujiuchi et al, 2016) among displaced populations compared with normal levels 

of around 4% in other parts of Japan (Oe et al, 2016a; Ohto et al, 2017). Possible causes of 

this PTSD are the earthquake and tsunami, relocation, or anxiety about radiation. From the 

literature, it is not obvious which of these has the biggest influence. Other earthquakes in 

Japan that led to large scale displacements, but had no radiological element, were associated 

with lower levels of PTSD than seen in Fukushima (Tsujiuchi et al, 2016). Analysis of a 

number of studies of health effects following a range of natural disasters found a significant 

relationship between PTSD and relocation, with a large disparity in the prevalence of PTSD 

between displaced and non-displaced populations. No significant association was found 

between psychological distress and environmental radiation levels (Fukasawa et al, 2017), 

suggesting that any link with radiation is due to radiation anxiety rather than actual radiation 

exposure. Miura et al (2017) found a significant association between psychological distress 

and perception of radiation risk. 

4.1.1.3 Cognitive dysfunction 

Cognitive dysfunction refers to deficits in mental abilities such as reasoning, problem solving, 

decision making, and attention. A paper by Collett et al (2020) reviewed the psychological 

consequences of actual or perceived ionizing radiation exposure on cognitive dysfunction. 

High doses (>1.0 Gy) of ionising radiation can cause cognitive dysfunction via inflammation of 

the nervous tissues and the effects at these doses are fairly well understood. However, at low 

(<0.1 Gy) and moderate (0.1–1.0 Gy) doses of ionising radiation, the evidence is inconsistent. 

At these levels, any observed associations with cognitive dysfunction may be attributed to 

radiation or psychological stress caused by perceived exposure, which can also cause 

inflammation of the nervous tissues. Temporary relocation and loss of housing has been 

associated with risk of cognitive impairment, with reported evidence of such a link in older 

adults affected by the GEJE and Tsunami (Ishiki et al, 2016). 
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4.1.1.4 Stigma 

Other psychological impacts from relocation are stigma (negative attitudes, prejudice and 

discrimination associated with a particular circumstance, quality, or person) and self-stigma 

(internalisation of negative attitudes and resulting self-discrimination such as self-imposed 

isolation). Those who experienced stigma and discrimination were two to three times more 

likely to show adverse psychological impacts at two to three months post emergency than 

those who did not (Hasegawa et al, 2015). Displaced populations can be subjected to stigma. 

This may be partly because of fear of radiation and contamination, but may also be because 

of perceptions and resentment related to compensation and free housing (van der List, 2018). 

Displaced populations from Chornobyl were known as “victims”, a label which is believed to 

have to contributed to poor mental health (Havenaar et al, 2016). 

4.1.1.5 Link between mental and physical health 

Psychological impacts are not only detrimental to health in themselves, but there are several 

physical health conditions that are seen to be linked to mental health issues in displaced 

populations. These include obesity, diabetes and cardiovascular disease. Additionally, mental 

health impacts can manifest as unexplained physical symptoms (Havenaar et al, 2016), 

although the interdependence between psychological and physical impacts is not completely 

understood (OECD, 2018). 

4.1.2 Overweight and obesity 

Analysis of a number of studies of health effects following a range of natural disasters found a 

statistically significant association between weight problems, including both increase and 

decrease in weight, and relocation. All but one of the individual papers analysed showed a 

significant association, indicating that changes in weight are very common during and after 

emergency events (US NRC, 2021). Significant increases in the numbers of people who were 

overweight (BMI2 between 25 kg m-2 and 29.9 kg m-2) or obese (BMI ≥ 30 kg m-2) were 

commonly seen in adults displaced after the Fukushima disaster (Eto et al, 2019; Hasegawa 

et al, 2016; Ohira et al, 2016a; Ohira et al, 2016b; Ohira et al, 2017). Across these studies, the 

proportion of people classed as overweight or obese (BMI ≥ 25 kg m-2) ranged between 21.9% 

- 34.7% before the disaster and 29.2% - 42.6% after the disaster for displaced adults. The 

values for non-displaced adults were between 18.2% - 30.5% before and 20.7% - 31.9% 

afterwards. The proportion of people with BMI above 25 kg m-2 increased more in the 

displaced populations then in those who were not displaced. 

Not all studies reached this conclusion. One study (Ebner et al, 2016) showed no significant 

change in the prevalence of people with BMI ≥25 kg m-2 before and after the disaster, and 

another (Nomura et al, 2016b) showed that displaced residents were significantly more likely 

to have gained or lost more than 3 kg of their weight over a year following the disaster than 

those who were not displaced. 

People living in difficult conditions are likely to have unhealthy dietary patterns and lower 

intake frequency of certain foods. Living in evacuation shelters or temporary housing was 

 
2 Body Mass Index (BMI) is calculated as an adult’s weight (in kilograms) divided by the square of their height (in 

metres) and is a measure of whether they are a healthy weight for their height. 
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found to be associated with lower intake of whole fruit and vegetables than for those living in 

their own or relatives’ homes (Zhang et al, 2017a). This is thought to be a cause of the 

increased intake of fruit juices among those living in shelters or temporary housing, which may 

be a reason for weight gain among these subjects. Psychological distress may affect diet and 

also impact on physical activity, and can therefore be linked to being overweight or obese. 

There is a known link between low intake frequency for certain foods, including rice and bread, 

fish, meat, vegetables and fruit (other than-juice) and dairy products, and psychological 

distress (Uemura et al, 2016). 

There are also obvious links between obesity/overweight and other aspects of physical health 

including diabetes and cardiovascular disease. 

4.1.3 Diabetes 

Analysis of a number of studies of health effects following a range of natural disasters found a 

small but significant increase of diabetes among displaced groups, though it was not clear 

whether there is a causal link or just correlation between displacement and diabetes (US 

NRC, 2021). Several studies (Ebner et al, 2016; Eto et al, 2019; Hasegawa et al, 2016; Satoh 

et al, 2015) showed increased incidence of diabetes among displaced adult residents after the 

Fukushima NPP accident. Ebner et al (2016) found an increased age-adjusted prevalence of 

diabetes from 11.3% before the GEJE to 14.7% in 2012 and 17% in 2013. The study by Eto et 

al (2019) reported that the prevalence of diabetes was increased after the accident in both 

displaced and non-displaced groups, but in the displaced group the increase was from 9.7% to 

17.5%, a greater rise than the rise from 8.7% to 13.1% in the non-displaced group. Hasegawa 

et al (2016) found that the prevalence of diabetes in displaced populations was between 1.3 

and 1.6 times higher than for non-displaced populations. Satoh et al (2015) found an 

increased prevalence of diabetes in displaced populations compared to non-displaced 

populations in 12 municipalities around Fukushima. However, while Leppold et al (2016) found 

an overall deterioration in glycaemic control following the accident, this study did not show 

evacuation/displacement status to be a significant predictor. One study (Murakami et al, 2017) 

estimated the additional incidence of diabetes following the accident and the associated 

estimated loss of life expectancy (LLE). This was compared with the estimated LLE from the 

estimated cancer risk from radiation exposure following the accident. The estimated average 

LLE to the whole population associated with diabetes was between 2.6 10-2 and 4.1 10-2 years, 

compared to an estimated average LLE of 0.69 10-2 years associated with radiation exposure 

if temporary relocations had not taken place. 

4.1.4 Cardiovascular disease, hypertension, and dyslipidemia 

Cardiovascular disease (CVD) is a disease that involves the heart or blood vessels. It is 

related to a number of risk factors including hypertension (high blood pressure) and 

dyslipidemia (an imbalance of fats (lipids) circulating in the blood stream which increases the 

risk of heart disease, heart attack, and stroke). Results of longer-term studies looking at CVD 

and associated risk factors were not entirely conclusive. Analysis of a number of studies of 

health effects following a range of natural disasters found a small, but not statistically 

significant, increase in heart disease amongst displaced populations. In the 2 years following 

the earthquake and Fukushima NPP accident, relocation was generally associated with an 



Non-radiological health impacts of temporary relocation 

17 

increased likelihood of developing CVD or risk factors. Zhang et al (2017b) found that after 

one year living in evacuation shelters or temporary housing, cardiovascular related symptoms 

of headache, dizziness, and shortness of breath were exacerbated compared to those of 

people living in their own home. These results were statistically more robust in women than in 

men. These results may be linked to the psychological impact of relocation. 

Ohira et al (2016a) reported significant increases in systolic and diastolic blood pressures after 

the earthquake and Fukushima NPP accident, in both displaced and non-displaced 

populations, with greater increases seen in displaced populations, A significantly increased 

prevalence in hypertension among the displaced population was also observed by Hasegawa 

et al (2016), with an increase from 53.9% to 60.1% after the evacuations. Hasegawa et al 

(2016) also reported a significant increase (1.5% to 2.4%) in atrial fibrillation (a common 

abnormal heart rhythm where electrical impulses fire off in a disorganised way in the top 

chambers of the heart) among the displaced population. 

Relocation following the Fukushima NPP accident was also associated with dyslipidemia at 

least one year after the accident. One study (Nomura et al, 2016b) looked at the relative risk 

of hyperlipidemia compared to baseline measurements in 2008-2010. The relative risk was 

significantly different between displaced and non-displaced populations in 2012 and 2013, and 

remained after adjustment for confounding factors. Satoh et al (2016b) also reported a 

significant increase (from 6.0% to 7.2%) in the prevalence of hyperlipidemia following the 

disaster, with a significant correlation with evacuation. 

4.1.5 Metabolic syndrome 

Metabolic syndrome (METS) is a cluster of the conditions discussed above including blood 

pressure, high blood sugar, and abnormal cholesterol or triglyceride levels. When these all 

occur together there is an increased chance of developing heart disease, stroke or diabetes. 

One study (Hashimoto et al, 2017) looked at residents aged 40 to 74 living in evacuation 

designated areas who did not have METS at the time of the Fukushima NPP accident. A 

significant association was found between relocation and METS, with an incidence in 

displaced populations of 19.2% for males and 6.6% for females, compared to 11% (males) 

and 4.6% (female) for non-displaced populations. 

Tsubokura et al (2013) studied metabolic measurements (body weight, waist circumference, 

blood sugar levels, blood pressure) in people living in temporary housing in Soma and 

compared results before and after the earthquake in those who were relocated because of the 

tsunami and those who were relocated because of high radiation levels. A significant 

difference was found in metabolic measurements (body weight, waist circumference, blood 

sugar levels, blood pressure) taken before and after the earthquake. Differences were also 

seen between the two groups. Notably, a significant increase in levels of glycated 

haemoglobin (HbA1c), which provides a measure of what average blood sugar levels have 

been over a period of weeks/months, in the post-earthquake results for the tsunami-relocated 

group, while no difference was seen for the radiation-relocated group. This difference may be 

related to changes in exercise and diet before and after the earthquake, and underlying 

differences between the two groups, but not enough information is available to be certain. 

These results suggest that chronic metabolic health problems should be monitored and 

treated after a disaster. 
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4.1.6 Chronic kidney disease 

Chronic kidney disease (CKD) is a long-term condition with gradual loss of kidney function 

over time. This reduces the ability of the kidneys to carry out their normal functions, including 

maintenance of blood pressure and levels of chemicals that help the heart function. CKD is 

most often caused by damage to the kidneys from other conditions, most commonly diabetes 

and high blood pressure. People with CKD have an increased risk of developing other 

problems such as cardiovascular disease. 

One study (Satoh et al, 2016a) looking at the prevalence of renal dysfunction at three to nine 

months following the Fukushima disaster did not find that relocation elevated the risk of 

chronic kidney disease (CKD), though it reported that there may be increased incidence of 

CKD complications in the future. Later studies (Ebner et al, 2016; Hayashi et al, 2017) found a 

significantly higher incidence of CKD about two years after the disaster, with Hayashi et al 

(2017) reporting evacuation as a significant risk factor for CKD. It is possible that CKD does 

not manifest in the short term but is seen after conditions such as diabetes and high blood 

pressure have had time to develop. 

4.1.7 Polycythaemia 

Polycythaemia is a condition with an elevated volume percentage of red blood cells in the 

blood. Red blood cell levels, haemoglobin levels and the prevalence of polycythaemia have all 

been found to be raised following the GEJE and Fukushima NPP accident. Eto et al (2019) 

found that the prevalence of polycythaemia increased from 23.7% to 36.4% in the relocated 

population but did not change in the non-relocated group. Another study (Sakai et al, 2014) 

found an increased prevalence of polycythaemia in both relocated and non-relocated groups 

with the increase in the relocated population (0.89% to 1.54%, p<0.001) being statistically 

significant. This study noted that among the relocated group, statistically significant increases 

in the prevalence of polycythaemia were seen in both smokers and non-smokers and in obese 

and non-obese, suggesting relocation is an independent factor for polycythaemia. A further 

study by Sakai et al (2017) also showed a higher prevalence of polycythaemia in both the 

relocated and non-relocated populations, with the relocated population showing a greater, 

statistically significant, increase from before the GEJE and NPP accident to afterwards. Even 

for smokers or those with obesity or hypertension there was increased prevalence of 

polycythaemia in relocated groups, though these increases were not as significant. 

Polycythaemia among relocated populations is believed to be caused by increased 

psychological stress, though the exact mechanism is unknown. As previously discussed, it is 

not clear whether the most significant cause of stress is the earthquake/tsunami, radiation 

anxiety, or relocation. 

4.1.8 Other health problems 

Cramped and overcrowded living conditions in evacuation centres can increase the incidence 

of communicable diseases. A significant increase in the incidence of tuberculosis (TB) was 

seen among evacuees in coastal regions of Northern Miyagi at two years after the Fukushima 

NPP accident (Sakurai et al, 2016), while inland regions showed the same incidence rate 

before and after the disaster. Results suggest that the coastal region evacuation shelters had 

overcrowding, and this is thought to have affected the incidence of TB. 
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A significant association was found (Takahashi et al, 2017) between relocation and an 

increase in liver dysfunction after the Fukushima accident. This was seen in non-drinkers, as 

well as light and heavy drinkers, allowing for age, sex, BMI, smoking and alcohol intake. It is 

thought that the increase was due to an increase in fatty liver disease via an increased BMI. 

Social isolation, resulting from relocation, has been seen to contribute to delays in patients 

seeking medical attention for potentially serious health issues. One man with rectal cancer 

(Ozaki et al, 2017a) delayed seeking attention for over one year and the delayed diagnosis 

resulted in his early death. A study (Ozaki et al, 2017b) of women with symptomatic breast 

cancer in an area affected by the Fukushima disaster and subject to evacuations, found an 

increased risk of patient delay among post-disaster patients compared with pre-disaster. 

4.2 Vulnerable populations 

Some of the vulnerable groups considered for evacuation (see Section 3.2) also need special 

consideration in the longer term. Vulnerable populations may be more sensitive to changes in 

their living environment and to psychological burdens after a disaster, compared to the 

general population. The elderly and those with pre-existing health conditions can be 

particularly hard hit by temporary relocation and are more likely to experience difficulties in 

responding to rapidly changing post-disaster conditions. 

A number of health effects have been discussed in Sections 4.1.1 to 4.1.8, with it being seen 

that sometimes the increased risk of health impacts related to relocation may be greater than 

the increased cancer risk associated with radiation exposure if relocation had not taken place. 

This is particularly true for residents of nursing homes and people with underlying conditions 

such as diabetes (Tsubokura, 2018). 

4.2.1 Patients in hospitals, and nursing/care homes 

Factors, such as relocation teams, assessment tools, and the environment of the receiving 

facility, have been identified as being associated with successful relocations of the elderly 

from one care home to another (Castle, 2001). However, following the Fukushima NPP 

accident, the mortality rate among relocated elderly people requiring nursing care was seen to 

rise by up to a factor of four (Nomura et al, 2016c; Ohto et al, 2017). There is evidence that 

mortality of relocated long-term care residents increased in the six-months after the 

Fukushima NPP accident compared to the mortality rate pre-accident or for residents who 

sheltered-in-place (Smith and Swacina, 2017). Although mortality rates did reduce after the 

first three months, they remained elevated in the longer term at 1.5 times the pre-accident 

level (Hasegawa et al, 2016; Ohto et al, 2017). Problems with medical records, disruption to 

supply of resources, staff availability and familiarity with residents, and an increased potential 

for errors when staff have had their own lives and routines disrupted are all thought to 

contribute to the increased mortality rates (Smith and Swacina, 2017). In particular, problems 

can occur with handover of patient information during transfer between medical facilities, 

leading to detrimental health effects (Sonoda et al, 2019). The increase in mortality can be 

contrasted with risks of radiation exposure, which were likely to be limited (Nomura et al, 

2016a) and suggests that sheltering should be considered as an alternative strategy for 

emergency planning, especially if movement of patients is not well planned and carried out in 

haste. 
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4.2.2 Children 

Children can experience stress and anxiety through evacuation and, if it turns into longer-term 

relocation, they can suffer through loss of friends and familiar spaces. Problems have been 

reported in displaced children from Fukushima (WHO, 2016). Restrictions, for example limits 

on outdoor play, may be placed on children after a radiation emergency because of parental 

fear of radiation (Maeda and Oe, 2017). This can also have a negative impact on children’s 

mental health as well as levels of obesity. Increases in BMI and the proportion of 

overweight/obese have been seen in children (Ohto et al, 2017; Zheng et al, 2017). One study 

of health effects following the Chornobyl disaster (Bromet and Havenaar, 2007) reported that 

mothers of displaced children reported significantly more anxiety, depression, somatic 

symptoms, and memory impairment in their children, though nothing was found in school 

performance or in the children’s self-reported mental health. 

A link has been found between sleep time and mental health of children, with both short and 

long sleep durations contributing to increases in depressive symptoms. Itagaki et al (2018) 

studied sleep patterns and mental health issues in children aged 4–15 years living inside the 

government-designated evacuation zone as of 11 March 2011. Within the 4 to 6-year-old 

group, shorter sleep time (< 9 hours) was associated with a higher risk of mental health 

disorders. On the other hand, oversleeping (≥ 10 hours) was associated with a high risk of 

mental health disorders in 7 to 12-year-olds. In the group aged 13 to 15 years, both short (< 6 

hours) and long (≥ 9 hours) sleep times were associated with a high risk of mental health 

disorders. The study also looked for correlations between sleep patterns and experience of 

either the tsunami or NPP accident, as well as whether participants were relocated within or 

outside of the Fukushima prefecture. There was no significant link between sleep patterns and 

experience of the tsunami in either the 4 to 6, 7 to 12, or 13 to 15-year-old groups. There was 

some correlation with experience of the NPP accident in the 7 to 12-year-old group, but none 

in the other age groups. In both the 4 to 6 and 7 to 12-year-old groups, those that were 

relocated outside of the Fukushima prefecture were found to sleep for longer times. No 

explanation was given for this, but as a greater correlation is seen between sleep patterns and 

evacuation than experience of either the tsunami or NPP accident, this may suggest that 

evacuation is the most stressful of these experiences. 

Perceptions of others can also add to stress on children; nearly 200 children evacuated and 

temporarily relocated from the Fukushima prefecture were bullied, including verbal abuse such 

as being called “germ” or “radioactive” (Lyamzina, 2018). On a practical level, disruptions in 

education caused by evacuation and/or closure of schools can affect life chances, especially 

for those students affected close to the time of examinations (Deeming and Otley, 2018). 

Overall it is recommended (Mort et al, 2018) that sustained attention is required to address 

children's ongoing needs following relocation. 

4.2.3 Adults living independently with medical/care requirements 

Temporary relocation of individuals with physical impairments to facilities with unsuitable 

accommodation may lead to significant health impacts, and even premature death, through 

the deterioration of daily life activities because of physical and psychological burdens (Sawano 

et al, 2019). Chronic conditions can be exacerbated either by lifestyle changes or mental 

stress, both of which can be caused by temporary relocation. For example, rheumatoid 

arthritis, an autoimmune disease that causes joint inflammation with pain and stiffness, is 
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affected by living conditions and eating habits, as well as mental stress. The number of 

swollen joints, a clinical parameter used to score rheumatoid arthritis, was found to be 

significantly higher after the GEJE and Fukushima NPP accident than before, while the scores 

for this and other clinical parameters were seen to show significantly greater deterioration in 

the period after the disaster than before (Ochi et al, 2018). The low levels of radiation 

exposure arising from the accident would not cause this deterioration of clinical parameters; 

this is more likely to be mental stress and lifestyle changes resulting from the disaster. In a 

study of older people relocated from economically deprived areas following Hurricane Andrew, 

it was found that physical and mental health problems were exacerbated by relocation and 

only 28% had their physical health care needs met following relocation (Sanders et al, 2004). 

Relocation can also result in impaired access to health care and access to medical facilities 

may remain difficult for some time after a disaster. An extreme case saw a 66 year old man 

forced to undertake several relocations to maintain dialysis treatment when facilities were 

moved after the GEJE and Fukushima NPP accident (Nishikawa et al, 2018). Continuity of 

care and treatment to prevent exacerbation of pre-existing disease should be considered in 

emergency arrangements. 

5 Non-radiological health impacts of sheltering-in-place 

Sheltering-in-place (generally referred to as sheltering in this report) is less disruptive than 

evacuation or temporary relocation but may also lead to mental stress linked to fear, 

confusion, or isolation. This is likely to be increased if individuals are sheltering at an 

unfamiliar location or are separated from family members. Sheltering may also be associated 

with the perception, true or false, that not enough is being done to protect the population. 

5.1 General population 

Sheltering is not a long-term option. Its use should ideally only be planned to last hours, and, 

at most, one or two days (Nisbet, 2019). A study of four French national-level radiological 

exercises (Domeneghetti et al, 2018) showed that actions implemented rapidly in the first 

hours of the event could last some time. In one case, initial sheltering lasted up to seven 

hours. This is long enough for potential problems, such as sheltering of ill people, the comfort 

afforded by the shelter, possible overcrowding, and availability of food, water and sanitation, to 

become real problems. The emotional impacts of confinement and separation from family 

members may be challenging, or people may struggle with the social interactions of sheltering 

with co-workers, extended family members or strangers (Dailey and Jungersen, 2013). 

There are some relevant lessons to be drawn from experiences of quarantines related to 

infectious diseases, although such quarantines typically last much longer than would be 

expected with sheltering following a radiological incident. A review of literature concerning the 

psychological impact of quarantine for infectious diseases, particularly SARS and Ebola 

(Brooks et al, 2020) found that most studies reported negative psychological effects from 

quarantine, which could be wide ranging and long-lasting. It was found that many adverse 

effects came from having restrictions imposed, while voluntary quarantine with an altruistic 

approach lessened the impact. The duration of quarantine, health concerns (eg fear of 
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infection), inadequate supplies and inadequate information were all seen to be important 

factors for mental health. A review looking at the impact of the COVID-19 pandemic on adult 

mental health in the UK (Batteux et al, 2021) reported increasing levels of depression and 

anxiety since the start of the pandemic, with self-isolation identified as a risk factor for 

declining mental health. The amount of time spent watching pandemic related news was also 

identified as a risk factor for mental health issues in this review, contrasting with the study by 

Brooks et al (2020), which found lack of information to be a risk factor. 

5.2 Vulnerable populations 

The significant impacts of evacuation on vulnerable populations have been highlighted 

(Hasegawa et al, 2016; Tsubokura, 2018), with Murakami et al (2015) in particular suggesting 

that the loss of life expectancy (LLE) associated with receiving a radiation dose during 

sheltering (1,100 person-days for a 20 mSv dose up to 5,800 for a 100 mSv dose) is much 

lower than the estimated 11,000 person-days LLE associated with rapid evacuation. While 

elevated risks of mortality from evacuation have been well documented, gaps in knowledge on 

safe sheltering for vulnerable people have been noted (Shimada et al, 2018). The review of 

the impact of the COVID-19 pandemic on adult mental health in the UK (Batteux et al, 2021) 

reported that different populations were unequally affected, with women, young adults, ethnic 

minorities, those from lower socio-economic backgrounds and with pre-existing conditions 

most affected. 

5.2.1 Patients in hospitals, and nursing/care homes 

For patients and care home residents to shelter safely, resources such as power, medicines, 

food and caregivers are necessary. Sheltering without electrical power can be fatal for those 

dependent on medical technology such as ventilators (Mace and Doyle, 2017). If electrical 

power is lost, evacuation will be essential. If caregivers are evacuated away from the hospital, 

or access to medications or other supplies is limited, then patients become especially 

vulnerable with an increased risk of harm or death (Davis et al, 2017; Mace and Doyle, 2017). 

Therefore if the decision to implement sheltering is made, an adequate number of caregivers 

will be required to remain in the shelter (Smith and Swacina, 2017). Ohba et al (2021) report 

that people suffered when medical personnel left medical facilities near the Fukushima Daiichi 

NPP, because of concern about radiation. 

If managed well, with consideration of requirements to shelter safely, sheltering can be a good 

option, particularly compared to unplanned evacuations. Following the Fukushima NPP 

accident, a nursing care facility in the Deliberate Evacuation Area considered that evacuation 

would be riskier than sheltering for the elderly residents. Plans were made to maintain care at 

the facility with staff visiting from outside the evacuation zone, and deaths related to 

evacuation were avoided (Ohba et al, 2021). However, Shimada et al (2018) indicate that 

sheltering in a “harsh” environment with inadequate resources can cause a mortality rate that 

is comparable with unplanned evacuations. The risk of sheltering in hospitals has been 

estimated as two to three times higher than for those who were evacuated with the needed 

support (Callen-Kovtunova et al, 2022). Mortality rates (number of deaths per person days in 

the hospital) among patients in a Fukushima hospital before the GEJE and Fukushima Daiichi 

Nuclear Power Plant (Fukushima NPP) accident were compared with mortality rates after the 
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accident. Post-accident mortality rates were calculated separately for three patient groups: 

patients who were evacuated (about 90% of these evacuations were on or after March 19th, 

2011, allowing a reasonable amount of preparation time), patients who sheltered, and patients 

who were newly admitted after the emergency (Shimada et al, 2018). After adjusting for 

covariates (gender, primary disease and medical condition) the group that sheltered had a 

higher post-emergency mortality risk than pre-emergency, with no significant rise in mortality 

rate seen in the other two groups. This agrees with the suggestion that sheltering can lead to 

higher mortality rates than well planned evacuation of patients, especially if there are 

problems with resources such as heating, power, communication or supplies. 

5.2.2 Children 

If an incident occurs during school time, children may be sheltered at school rather than with 

their families. The emotional impacts of confinement and separation from family members may 

be challenging and lead to anxiety. It is recognised (Lasker et al, 2007) that anguish about 

separation from people you care about is a source of stress. The US Institute of Medicine 

(now the National Academy of Medicine) specifically recommend minimising parent-child 

separation (Committee on Homeland Security, 2006). 

5.2.3 Adults living independently with medical/care requirements 

The elderly, or those with medical conditions, may have particular requirements that cannot be 

met while sheltering. An increased mortality rate was seen among the elderly who were 

unable to safely shelter for extended periods following the Fukushima NPP accident (Callen 

and McKenna, 2018). Around one third of deaths in areas flooded by Hurricanes Katrina and 

Rita were in residences spared from flooding. These were due to dehydration, heart attack, 

stroke or other causes associated with lack of medical supplies during sheltering (Alderman et 

al, 2012). 

6 Discussion 

6.1 Comparison of evacuation/temporary relocation and sheltering 

The literature review has shown that there are a wide number of non-radiological health 

impacts associated with evacuation, sheltering and temporary relocation. The most significant 

physical and psychological effects are summarised in Table 1. As there may be different 

concerns for the general population and vulnerable groups, Table 1 presents information for 

these populations separately and these are discussed in subsections 6.1.1 to 6.1.4. Because 

of these differences, it can be difficult to find a “one size fits all” solution; if decisions on urgent 

protective actions, intended to be in the best interest of the majority, are applied in a generic 

way across the whole population, those decisions may not be in the best interest of everyone. 

For some protective actions and categories of individuals, there are no reported non-

radiological health impacts. In such cases, there may be a genuine absence of health impacts 

or it may be because of gaps in the results that have been reported or picked up by the 
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literature review. Further work, ideally using a fully systematic review, is needed to establish a 

definitive position. 

Table 1 Summary of non-radiological health effects for protective actions and population groups 

 Evacuation Temporary relocation Sheltering-in-place 

General population 

Physical 

effects 

Small risk of transport related 

injury or death, likely to be the 

same as normal transport risks. 

Non-transport risks of injury 

may be slightly increased 

compared to everyday life, 

when unplanned or hurried. 

Although not all studies agree, 

significant associations have 

been seen between relocation 

and overweight/obesity, 

diabetes, metabolic syndrome 

and polycythaemia. Some 

evidence exists for increase in 

cardiovascular disease and 

chronic kidney disease but are 

less conclusive. 

Risk of problems with 

availability of food, 

water, and sanitation, 

especially as duration 

of sheltering increases. 

Psychological 

effects 

Some risk of psychological 

issues such as depression and 

anxiety disorders, including 

PTSD, arising, especially if 

evacuation is unplanned. 

Increased incidence of 

psychological distress, 

depression and PTSD 

associated with relocation. This 

may be due to breakdown in 

communities, problems with 

accommodation and job loss 

but may also be caused by 

radiation anxiety. 

Disaster-related suicides may 

occur; evidence suggests there 

may be stronger link to 

relocation than radiation 

anxiety. 

Relocated communities may be 

subject to stigma. 

Potential psychological 

impacts, due to family 

separation, and stress 

from sheltering with co-

workers or strangers. 

Negative psychological 

impacts seen following 

quarantine situations, 

for infectious diseases, 

particularly when 

restrictions imposed. 

Lack of information, or 

too much focus on 

situation (eg watching 

TV news) can be risk 

factors for worsening 

mental health. 

Vulnerable group – residents of hospitals/nursing homes: 

Physical 

effects 

None reported in well planned 

evacuations, though deaths and 

increased morbidity can occur 

during unplanned evacuations. 

Problems can occur with 

handover of patient information 

during transfer between medical 

facilities, leading to detrimental 

health effects. 

Elevated mortality rates. 

Problems with transfer of 

patient information may have 

impacts on health care. 

Deaths or increased 

morbidity may occur, 

especially as duration 

of sheltering increases, 

or if there is a loss of 

power. 

Psychological 

effects 

None reported. None reported. None reported. 

Vulnerable group – children: 

Physical 

effects 

Higher risk of slips, trips and 

falls. 

Possibly more prone to 

infectious diseases. 

Risk of obesity due to limited 

outdoor play. 

None reported. 

Psychological 

effects 

Stress and risk of PTSD, 

especially if evacuation takes 

place during the school day, 

resulting in separation from 

family. 

Risk of developing mental 

health disorders due to loss of 

friends and familiar spaces and 

disruption to sleep patterns. 

Risk of stigma and bullying from 

locals. Disruption to education. 

Potential for anxiety 

disorders or other 

mental health issues if 

sheltered separately 

from family members. 

Young adults among 

population groups seen 

to be affected 

disproportionately by 

quarantine. 
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 Evacuation Temporary relocation Sheltering-in-place 

Vulnerable group - independent adults with medical needs: 

Physical 

effects 

Deaths may occur in elderly 

populations, especially if 

evacuations are not well 

planned. Increased morbidity 

may occur in the elderly or 

those with existing conditions, 

such as diabetes. 

If evacuation centres are not 

suitable for physical disabilities 

this can lead to significant 

health impacts because of 

physical burdens 

Exacerbation of pre-existing 

conditions. 

If accommodation is not 

suitable for physical disabilities 

this can lead to significant 

health impacts because of 

physical burdens. 

Deaths or increased 

morbidity may occur 

from dehydration, heart 

attacks and strokes, 

especially as duration 

of sheltering increases, 

due to lack of medical 

supplies  

Psychological 

effects 

If evacuation centres are not 

suitable for physical disabilities 

this can lead to significant 

health impacts because of 

psychological burdens. 

If accommodation is not 

suitable for physical disabilities 

this can lead to significant 

health impacts because of 

psychological burdens. 

None reported. 

Adults with pre-existing 

conditions among 

population groups seen 

to be affected 

disproportionately by 

quarantine. 

 

6.1.1 General population 

Evacuation is very effective at protecting small communities from radiation exposures, 

provided it is implemented before a release occurs and is well planned. For large numbers of 

people, or without adequate prior planning, evacuation can lead to serious physical and 

psychological health risks. Therefore, while the precautionary principle may suggest that 

evacuation of an area larger than required would be sensible, it is suggested that evacuation 

should not be carried out only to be cautious (US NRC, 2021). If the longer-term protective 

action of temporary relocation is required, physical and psychological health risks increase. 

Psychosocial effects may be among the most significant and costly non-radiological impacts 

resulting from an accident (Health Canada, 2020) and can exceed the direct health effects 

associated with radiation exposure that would have been received if the population had 

remained in situ (WHO, 2020). Chronic health problems such as diabetes should therefore be 

monitored and treated after a disaster. Sheltering-in-place can also offer effective protection 

from radiation exposures, and is often less disruptive, though health and wellbeing can be 

affected, particularly psychological health. 

6.1.2 Patients in hospitals, and nursing/care homes 

The decision whether to evacuate a hospital or nursing home or shelter-in-place is reported as 

being one of the hardest decisions that managers will have to make in their career, with some 

believing that there could be “no positive outcome” (McGinty et al, 2017). Evacuation of elderly 

or sick patients is a challenging and resource intensive task. Accessing appropriate modes of 

transport for transferring patients from one hospital site to another can be complicated. This is 

particularly true when caring for sick infants (Iwata et al, 2017). Evacuation decisions are time 

sensitive (Ricci et al, 2015). Early evacuation may subject patients to unnecessary risks, while 

delays in evacuation may lead to other problems. A complex evacuation may also take away 

resources from other parts of the response to an emergency and may be confusing and 

distressing to those being evacuated (Deeming and Otley, 2018). The difficulty of sharing 
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patient information following a disaster is recognised as a further complication (Sonoda et al, 

2019), which can have adverse health impacts on vulnerable patients. 

A major concern following the Fukushima Daiichi Nuclear Power Plant (Fukushima NPP) 

accident was whether or not to evacuate hospitals and nursing homes. The most influential 

factors considered when determining whether to evacuate a hospital or shelter-in-place 

included patient safety and maintaining continuity of operations, though cost was also cited as 

an influential factor (McGinty et al, 2017). Deaths and increased morbidity can occur as a 

result of evacuation, especially if this is unplanned. An evacuated population will need access 

to medical care and resources, which may in turn impact on the health care of the population 

in the receiving area. However, sheltering is not without problems for hospitals and nursing 

homes; a sheltered hospital population will require staff to remain at the facility and access to 

power, water and other resources. If nursing home residents are sheltered without adequate 

care, vulnerable residents may go long periods without adequate movement, teeth brushing, 

or even drinking water (some choose to do this in order to avoid needing the bathroom), 

increasing the risks of developing additional medical conditions subsequent to existing 

disease (Maeda et al, 2017). 

The total loss of life expectancy (LLE) associated with rapid evacuations from a nursing home 

following the Fukushima NPP accident was estimated at around 11,000 person-days. This is 

many orders of magnitude higher than the estimated total radiation-related LLE of around 28 

person-days that would have been incurred if evacuation had been delayed for 90 days 

(Murakami et al, 2015). Comparison of mortality risk before and after the Fukushima NPP 

accident, in sheltered patients and those who evacuated in a planned, unrushed manner 

suggested that sheltering can lead to higher mortality rates than well-planned movements of 

patients. It is therefore suggested that sheltering should be considered as an alternative 

strategy, especially if movement of patients would not be well planned but carried out in haste. 

An initial period of sheltering may be beneficial while evacuation is arranged. It is also 

suggested that more information is needed on the decision processes employed when 

deciding whether or not to evacuate and that the decision to evacuate nursing homes should 

be made with a transparent, evidence-based process rather than being the default position. 

6.1.3 Children 

Evacuation, temporary relocation or sheltering all bring a risk of mental health disorders, such 

as stress or anxiety disorders, including PTSD, in children. This is especially true if protective 

actions take place during the school day and result in separation of children from their 

families. Review of mental health following quarantine suggests that young adults’ mental 

health may be affected differently to the general population. The literature contains some 

reports of the impacts of evacuation and temporary relocation on children’s’ physical health, 

though nothing was reported as a result of sheltering. Further research should investigate if 

any such effects have been reported. 

6.1.4 Independent adults with medical needs 

There is a risk that evacuation will be delayed when individuals have to wait for assistance. 

There is also a risk that people, especially the elderly, may be reluctant to leave their homes 

(Alderman et al, 2012). Either of these situations may result in last minute, hurried 
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evacuations. If essential supplies such as medicines, mobility aids, glasses, or hearing aids 

are left behind during a hasty evacuation, this is likely to make life in an evacuation centre, or 

alternative accommodation, even more challenging, and may put these people at increased 

risk of physical injury, or psychological impacts if they feel isolated. 

An increased mortality rate was seen among the elderly who were unable to safely shelter-in-

place for extended periods following the Fukushima NPP accident. Following Hurricanes 

Katrina and Rita, around one third of deaths in areas flooded were due to dehydration, heart 

attack, stroke or other causes associated with lack of medical supplies during sheltering. 

6.2 Justification of protective actions 

It is recognised in previous sections of this report that protective actions taken following the 

Fukushima NPP accident contributed to unnecessary deaths, morbidity, and in particular, 

psychological problems. In retrospect, it is likely that decisions concerning protective actions 

after the Fukushima NPP accident may have assumed an exaggerated health risk of radiation 

exposure and not have given adequate consideration of the non-radiological health impacts of 

protective actions (Callen and McKenna, 2018). 

It is suggested (Callen-Kovtunova et al, 2022) that the number of deaths among the general 

population that were associated with protective actions is comparable to the estimated number 

of deaths that would be caused by radiation exposure of about 100 mSv. The off-site effective 

doses during the Fukushima accident were much lower than this so that the number of deaths 

associated with protective actions was greater than that prevented by the protective actions. 

The United Nations Scientific Committee of Effect of Atomic Radiation (UNSCEAR) reported 

no increase in health effects due to radiation exposure after the accident (Oka, 2022) 

However, survivors of the accident have suffered from long-term impaired mental health as a 

consequence of this disaster (Lagergren Lindberg et al, 2022). One source claims evacuation 

was ordered to avoid exposure that might shorten the average life expectancy by just 10 days 

(Yanovskiy et al, 2020). Oka (2022) reports that risk of the evacuation from Fukushima was 

2.8 times the risk avoided by the evacuation. Hence protective actions implemented after the 

Fukushima NPP accident were possibly not properly justified (Callen-Kovtunova et al, 2022; 

Callen and McKenna, 2018). This agrees with Saji (2013), who reported that the risks and 

disaster related deaths (DRDs) imposed upon the evacuees outweighed the radiation risk that 

was potentially averted. A report of the United States Nuclear Regulatory Commission (US 

NRC, 2021) also says that a study of the protective actions taken at Chornobyl and 

Fukushima showed that most public relocations were not justified on the grounds of 

radiological health benefit. Particular problems were seen during evacuation of hospitals, 

where risks from evacuation often clearly outweighed the potential long-term health benefits of 

reducing the radiation dose from the accident. 

It is also estimated that at least one third of the 116,000 relocations that took place in 1986 

following the accident at Chornobyl were not appropriate, based on comparison of the 

expected loss of life expectancy (LLE) associated with the relocation to the expected LLE due 

to radiation exposure that would have occurred had people remained in situ (Thomas, 2017). 

Similarly, it is estimated that none of the 220,000 relocations carried out during a second 

evacuation in 1990 were appropriate. Therefore, it is possible that only less than 22% of 
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335,000 total relocations were fully justified with at least a quarter of a million people 

potentially moved away from the Chornobyl area without proper justification. 

Adverse health effects occurred even though the actions were consistent with international 

recommendations to reduce radiation-induced health effects (Callen-Kovtunova et al, 2022). 

This is partly because although international safety standards such as (IAEA, 2014; IAEA, 

2015a) give general instructions that non-radiological consequences should be taken into 

account when deciding on potential actions, there is little guidance on how to address 

psychosocial impacts and few or no practical tools provided (Callen-Kovtunova et al, 2022; 

WHO, 2020). It has also been suggested (Callen and McKenna, 2018; Yanovskiy et al, 2020) 

that the present guidelines published by IAEA are probably based on averting radiation risk 

only and that the reference levels do not properly consider the health impacts of taking 

protective actions and the psychological and other effects linked to exaggerated fear of 

radiation exposure. It is recognised that it is easy to re-evaluate previous decisions with the 

benefit of hindsight, and that some decisions made in Chornobyl and Fukushima were made 

when there was uncertainty and the potential for the situation to become much worse. Such 

decisions must be made under pressure, taking account of contradictory factors and much 

uncertainty. However, a study by Thomas (2017) concluded that governments tend to 

overreact if a large scale nuclear accident occurs, and that this can contradict the principle of 

justification. There is a need to prevent the same problems occurring should there be another 

severe NPP emergency, and radiation protection for emergency response should have the 

objective of taking better justified protective actions in the event of an emergency (Callen and 

McKenna, 2018). 

6.3 Influences of different stressors 

Section 1.1 described the differences between primary and secondary stressors, noting that 

the literature did not always clearly differentiate between the effects of primary and secondary 

stressors. In particular, it can be difficult to identify which is the main stressor when 

considering effects on mental health. 

Much of the literature concerned the triple disaster of the GEJE and subsequent tsunami and 

Fukushima NPP accident, giving multiple primary stressors as well as the secondary stressor 

of protective actions implemented. The three prefectures of Fukushima, Miyagi and Iwate, 

which had similar cultures prior to the disaster, were all affected by the earthquake and 

tsunami, and evacuations/relocations were required from each of these prefectures. The 

Fukushima prefecture was also affected by the NPP accident, which increased the number of 

evacuations/relocations from this area. People leaving Fukushima also tended to be moved 

over greater distances than in the other two prefectures. It can therefore be tempting to 

attribute the relocations, rather than the primary stressors, as the reason why disaster-related 

deaths (DRDs) accounted for more than 50% of the Fukushima prefecture’s total death toll, 

while in Iwate and Miyagi, DRDs accounted for less than 10% of the total death toll in these 

prefectures (Hayakawa, 2016) in the four years following the disaster. However, it must also 

be remembered that the radiological aspects (both physical effects of exposure and anxiety 

about real or perceived exposure, see Section 6.3.1) will likely have been more acute in the 

Fukushima prefecture (Hasegawa et al, 2016; Oe et al, 2018; Ohto et al, 2017). It was 

therefore not always clear to what extent health effects could be attributed to relocation rather 

than to the NPP accident, and for some health effects (particularly overweight/obesity, 
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diabetes, cardiovascular disease and chronic kidney disease) conflicting evidence was found 

in the literature. One study (Tanaka, 2015) noted that the areas with higher rates of DRDs 

coincided with areas subject to Evacuation Orders because of radiation levels, suggesting that 

the increased levels of DRDs were linked with radiation levels. However, the same study 

suggests that the high rates of DRDs, combined with high levels of displacement near the 

Fukushima NPP, implies that psychological stress associated with displacement may be 

underestimated. 

Some studies following the Fukushima NPP accident do suggest that the secondary stressors 

of evacuation and relocation lead to more health effects than the primary stressors. Travelling 

to and living in an evacuation area are reported as being the two largest causes of DRDs 

following the Fukushima NPP accident, leading to considerably more DRDs than the 

earthquake, tsunami, or NPP accident (Hayakawa, 2016; Saji, 2013). Although the data was 

not straightforward to interpret, a study (Itagaki et al, 2018) of sleep patterns in young people 

following the GEJE, tsunami and NPP accident tended to show a greater correlation between 

sleep patterns and evacuation than experience of either the tsunami or NPP accident, 

suggesting that evacuation may be the most stressful of these experiences, see Section 4.2.2. 

Other earthquakes in Japan that led to large scale displacements, but had no radiological 

element, were associated with lower levels of PTSD than seen in Fukushima, see Section 

4.1.1.2. This suggests that at least some of the PTSD is likely to be due to displacement, 

rather than any primary stressors. Another area where separation between the primary and 

secondary stressors is seen is disaster related suicides following the GEJE earthquake and 

Fukushima accident, as discussed in Section 4.1.1. The pattern over time in the ratio of 

suicide rate in individual prefectures to the average rate for the Japanese population was the 

same as seen following natural disasters and is known to be associated with a weakening of 

social ties, suggesting that relocation had a greater effect than radiation. 

Some other studies, not related to Fukushima, also suggest the importance of the secondary 

stressors of evacuation and relocation. For example, studies following flooding (see Section 

3.1.3) showed that evacuation is linked to increased levels of depression, anxiety, and PTSD. 

Additionally, analysis of a number of studies of health effects following a range of natural 

disasters found a significant relationship between PTSD and relocation, with a large disparity 

in the prevalence of PTSD between displaced and non-displaced populations (US NRC, 2021) 

and (Wu et al, 2019) indicate that evacuees have been seen to suffer up to twice the rate of 

illness of others affected by a disaster but who are not subject to displacement. 

6.3.1 Radiation anxiety 

Radiological accidents are further complicated by the presence of radiation anxiety/phobia. 

This is fear about radiation-induced harmful health effects, that can be significant and long 

lasting (Lagergren Lindberg et al, 2022), and acts as a subjective primary stressor. Not only 

can radiation anxiety cause health effects, particularly regarding mental health, but it may 

impact the number of evacuations. It is thought that consideration of radiation phobia 

influenced both the number of people who self-evacuated after the Fukushima NPP accident 

and the government’s enforcement of prolonged evacuations (Saji, 2013). 

Studies have found an association between people perceiving that health was affected by a 

nuclear power plant accident and poorer psychological well-being (Adams et al, 2011; Bromet, 

2014; Bromet and Havenaar, 2007). The study of women displaced following the Chornobyl 
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accident (Adams et al, 2011) reported that this was largely explained by their continued 

concerns about the physical health risks stemming from the accident and knowing there is 

even a very small possibility that at some point in the future health problems related to 

radiation exposure could occur. Miura et al (2017) found a significant association between 

psychological distress and perception of radiation risk. Psychological stress caused by 

perceived exposure, can cause inflammation of the nervous tissues, giving a possible link 

between radiation anxiety and physical health impacts (Collett et al, 2020). Lagergren 

Lindberg et al (2022) reported that those with higher socioeconomic status tended to report 

lower levels of radiation anxiety than those with lower socioeconomic status. 

Only low levels of radiation exposure were seen following the Fukushima NPP accident, and it 

is unlikely that radiation exposure will be directly responsible for the health effects seen. No 

significant association was found between psychological distress and environmental radiation 

levels (Fukasawa et al, 2017), but some studies found a significant association between 

psychological distress and radiation anxiety. Links between psychological distress and 

radiation anxiety have been seen following both the Chornobyl and Fukushima accidents 

(Bromet, 2014; Gresko and Perchuk, 2021; Kuroda et al, 2018; Lagergren Lindberg et al, 

2022; Miura et al, 2017; Ochi et al, 2018; Oishi et al, 2021) 

6.4 Dependency between health impacts 

Health impacts of protective actions can be far reaching and may endure for a long time. In 

particular, changes of lifestyle, following temporary relocation can have a significant impact on 

physical and mental health, with strong links between the two. For example, poor mental 

health may lead to lack of physical activity, causing weight gain or obesity, and an increased 

BMI. This increases the risk of developing diabetes, cardiovascular disease or hypertension. 

Diabetes and hypertension can in turn impact on the kidneys. Conversely, changes in diet and 

physical activity may lead to weight gain which may cause mental health issues such as 

depression. It can be difficult to determine what causes each health effect observed – whether 

it is a direct result of either the protective action or the impact of the accident or is associated 

with another health effect. Careful monitoring of both psychological and physical health of 

displaced populations is recommended (Hashimoto et al, 2017; Lyamzina, 2018). 

6.5 Planning 

Preparedness is crucial in minimising the non-radiological impacts of urgent protective actions, 

especially for different population groups. Callen-Kovtunova et al (2022) suggests that around 

60% of deaths among the general population relocated after the Fukushima NPP accident 

were caused by conditions that could have been eased by prior emergency preparedness 

provision. Plans should be tailored to the needs of each group, and should be reviewed and 

updated regularly (Ohba et al, 2021). Well planned evacuations tend to run more smoothly 

and cause less harm than those that are unplanned. Unplanned evacuations can lead to an 

alarming rise in morbidity and mortality. It is important to note that some residents in 

mandatory evacuation zones may remain in place despite evacuation orders, as seen after 

both the Chornobyl and Fukushima accidents. Mass evacuations can adversely affect the 

delivery of healthcare and other public health services, leaving any people remaining behind 

subjected to health risks arising from inadequate services, for example difficulties accessing 
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GP or hospital care (Morita et al, 2018). It is therefore important to adequately prepare and 

respond to their needs, including preparation for mental health and psychosocial support. 

The NEA advises that it will be beneficial if experts in mental health involved in planning 

response to a radiological incident are given a basic understanding of radiation exposure and 

protection (NEA, to be published). 

The benefits of planning are particularly important when considering vulnerable populations, 

who may have different needs to the general population. It has been shown that deaths and 

increased morbidity can occur as a result of evacuating hospital residents, but that good 

planning can prevent this.  

Good preparation and planning by schools is recommended for a range of scenarios, ie not 

specifically radiation emergencies (Cabinet Office, 2014). It is left to individual schools to 

develop their own emergency plans according to local circumstances. Such plans will allow 

them to respond appropriately and in a timely fashion if an emergency occurs during the 

school day, reducing the immediate risks to students if evacuation is ordered. Additionally, 

plans should address how to mitigate the stress of separation from families if evacuation or 

sheltering-in-place occurs with or within the school, for example how to ensure communication 

with families to minimise uncertainty and provide reassurance. 

People with disabilities, and elderly people with medical needs or mobility problems may live 

independently but need assistance in an emergency. These groups should be considered in 

planning, with plans considering how such groups can be identified (Cabinet Office, 2014). 

Such efforts would of course benefit the plans for any type of emergency, not just for radiation 

ones. 

In the UK, a detailed off-site emergency plan is required for the area around a 

site/facility/mobile site (Detailed Emergency Planning Zone, DEPZ), while outlying areas only 

require less detailed outline planning. While outlying areas that are at low risk may not require 

detailed emergency plans, it was found that in areas beyond a 10 km radius of the Fukushima 

NPP there was insufficient information in evacuation plans about the process, how to prepare, 

how to vacate homes, how to protect oneself from radiation exposure, and how long 

evacuation may last. Only one hospital within the 10 km radius had prepared an evacuation 

manual for a nuclear emergency, while hospitals and nursing care facilities beyond a radius of 

10 km were not prepared at all (Ohba et al, 2021). This is felt to have impeded the evacuation 

process (Hasegawa et al, 2016) once the evacuation zone expanded beyond 10 km of the 

Fukushima NPP. In particular, sub-populations where implementation of urgent protective 

actions may be difficult, will benefit from more detailed planning. There may therefore be a 

need for small areas, such as a school or hospital where evacuation is particularly 

challenging, within an outlying area that would normally only require outline planning, to have 

more detailed emergency plans. 

6.6 Communication 

The ability to manage effective communication has a significant impact on the success of 

measures such as evacuation and sheltering-in-place. If communication can be managed well, 

adverse health impacts may be reduced. The logistics of evacuation are complex and difficult 

to manage, especially without adequate communication. Following the Three Mile Island 

accident there were confused communications between various agencies, leading to 
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misunderstandings (WNA, 2001). As a result, although no official evacuation instruction was 

issued reports in the media about these “garbled communications” resulted in a loss of control 

and 140,000 people voluntarily evacuating with poor traffic management. Unclear information 

has the potential to increase the number of people seeking help unnecessarily, which can 

have an impact on healthcare to those most in need of it. Traditionally, television is the home-

based way of receiving communications, while radio can be received at home or in the car. 

This was supported by Wray et al (2008). Advances in technology with improvements in 

mobile communication mean that communication methods are changing, and messages can 

be sent more easily to people on the move. A survey in 2014 (Nyaku et al, 2014) looked at 

which data sources US households would use as their main information source during a 

radiation emergency. Television and radio were still the main sources (55.8% and 18.4%), 

followed by the internet (13.6%). Only 1% of households gave social media as their main 

source of information. Social media has become increasingly important in recent years, with 

around 60% of the public relying on social media as a source for scientific information in a 

non-emergency situation, and can be useful to obtain and spread necessary information and 

ask for help in case of a disaster (Tsubokura et al, 2018). These communications can reach 

large groups of people almost instantaneously, though there is a need to ensure that 

information is accurate (OECD, 2018). 

6.7 Limitations of this review 

• Although efforts were made to be comprehensive with the literature search and to 

evaluate the quality of data sources found, it is recognised that this review has not 

been systematic. This is in part due to lack of definition for the review questions and 

methodology, and partly from being carried out over a prolonged period. 

• It has been described in Section 6.3 that there can be difficulties determining the 

cause of health effects, that it can be hard to distinguish between primary and 

secondary stressors. More work is required on this. 

• Although the literature reviewed ranged far beyond the experiences in Japan, there 

have been many studies following the 2011 Fukushima NPP accident. These have 

been important in highlighting the importance of non-radiation-related health issues, 

but it must be recognised that cultural differences, possibly including the perception of 

radiation resulting from the experiences at Hiroshima and Nagasaki, exist that may 

affect the extrapolation of Japanese experience to other countries. 

• Many of the studies found in the literature are post-disaster studies, that do not take 

account of the pre-disaster status. Fussell and Lowe (2014) note that pre-disaster 

functioning is a strong predictor of post-disaster mental health and that without 

accounting for pre-disaster status the influence of evacuation or relocation on 

psychological outcomes may be over-estimated. While some studies do account for 

pre-accident mental health issues this is not a common occurrence. However, if the 

post-disaster prevalence of a mental health condition is compared between displaced 

and non-displaced populations, this should help negate such over-estimation as it can 

be expected that the pre-accident level of mental health issues would be the same in 

both populations 
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• There are inconclusive findings particularly regarding groups such as children, young 

people and the elderly. Additionally, gaps in knowledge have been noted for safe 

sheltering-in-place for vulnerable people (Shimada et al, 2018) and more information 

is needed on decision making for the evacuation or sheltering of hospitals. 

• The review considers the current circumstances. Future changes in technology or 

society, coupled with an increasing awareness of the implications on mental health 

and the need for psychosocial support are likely to change the situation. It is important 

to consider demographic trends such as the increasing age of the population, for 

example the proportion of the population aged 85 and over in the UK is growing at a 

faster rate than other age groups (Office for National Statistics, 2018). Advancements 

in communication technology, such as the development of systems to send 

emergency alerts (https://www.gov.uk/alerts) will also impact on emergency 

preparedness and response. 

7 Findings from the review 

The decision as to whether to evacuate, relocate or shelter-in-place can be complex. This 

report reviewed a range of literature and collated the findings. Evacuation, relocation, and 

sheltering-in-place are all shown to be effective protective actions in response to a radiation 

emergency. However, they can all also result in non-radiological health impacts, both physical 

and psychological, including fatalities. Studies show several associations of health effects with 

evacuation and relocation. In some cases, studies suggest that displacement causes health 

effects and there is a potential for the risks from evacuation or relocation to exceed the risk to 

individuals from radiation exposure that would have been incurred if they had not been moved. 

However, it is not always clear whether displacement directly causes the health effects or if 

other factors are involved. For example, radiation anxiety can cause some of the health effects 

observed, particularly psychological issues, making it difficult to determine the extent to which 

a protective action, rather than radiation anxiety, is responsible for health effects. 

Different population groups may require different protective actions, according to the prevailing 

circumstances. It can be difficult to find a ‘one size fits all’ solution. Specific areas outside the 

detailed emergency planning zone may require more detailed emergency plans. An example 

of this would be a hospital, where evacuation is particularly challenging. 

Preparedness is crucial. In all cases considered in the review the risks of evacuation were 

greater if evacuations were unplanned and/or carried out in haste. For example, evacuation of 

hospitals or nursing homes following the Fukushima NPP accident, which were often rushed 

or carried out without adequate planning, led to increased mortality rates. It has been reported 

(Ohba et al, 2021) that in some cases where evacuation was carried out in a rush some 

people subsequently returned to the evacuation zone to collect important items that were left 

behind, thus reducing the radiation dose that was averted. 

Psychological impacts are known to be very important, and it is known that links exist between 

physical and psychological health. Planning should therefore include preparation for mental 

health and psychosocial support. An important association has been shown between 

psychological distress among displaced populations and issues with accommodation. If the 

mental health of displaced populations can be given more consideration at an early stage and 

https://www.gov.uk/alerts
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actions taken to reduce psychological impacts, then this is likely to have a beneficial effect on 

physical health as well as mental health. 

It is hoped that consideration of non-radiological health impacts will provide a broader context 

within which decision makers can plan and implement protective actions in the event of a 

radiation emergency. Key messages are presented below, grouped into four areas: general 

prevention of adverse health effects; prevention of adverse health effects in vulnerable 

populations; mental health; and gaps in knowledge. Full identification of the non-radiological 

health risks associated with protective actions is required, along with research to fill in 

identified knowledge gaps. 

General prevention of adverse health effects 

• The risks of radiation exposure and the risk of actions taken to reduce radiation risks 

need to be presented in an understandable way and balanced with a holistic approach 

to ensure justification. 

• Evacuation of population groups is more efficacious when well-planned and not 

carried out in haste. 

• Monitoring of health impacts (both physical and psychological) in displaced 

populations, with appropriate treatment offered as required, will help mitigate against 

non-radiological health effects such as diabetes. 

• Emergency planning would benefit from considering demographic trends such as the 

increasing age of the population and advancements in communication technology. 

Prevention of adverse health effects in vulnerable populations 

• The needs of vulnerable groups may be different to the general population. It is 

therefore beneficial to consider the harms and benefits of protective actions, 

particularly urgent protective actions, separately for vulnerable population groups and 

the general population. 

• It is preferable for decisions about whether or not to evacuate hospitals/nursing 

homes to be transparent and evidence-based, rather than evacuation being the 

default. 

• Sheltering-in-place can be a successful alternative to evacuation of hospital 

patients/nursing home residents, especially if evacuations would be unplanned or in 

haste.  

• Establishment of patient information sharing systems that can function after a 

radiation emergency will allow health care providers at any medical facility to 

understand the health conditions of displaced people as easily as possible. 

• Whenever evacuation or shelter-in-place is being implemented, continuity of care in 

treatment of pre-existing conditions will lead to the best outcomes. 

• For facilities where vulnerable groups are found, such as hospitals or schools, more 

in-depth planning will be beneficial, even if the facility is in an outlying area where 

detailed planning of urgent protective actions are not normally required. 
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• Following relocation, children are particularly likely to face both physical and social 

challenges, with ongoing needs to manage new routines. 

Mental health 

• Psychosocial support is likely to be needed for those with mental health issues, 

whether these are pre-existing or developed after the emergency. Temporary 

relocation may lead to more severe mental health effects than evacuation. Provision 

of psychosocial assistance should be provided through all stages of emergency 

response and may potentially be needed in the long term. 

• Planning and action preferably in advance of any radiation emergency will support 

actions taken should such an event occur. This may include a review of capabilities 

for provision of mental health diagnosis, treatment and support among those 

subjected to evacuation, temporary relocation or sheltering-in-place, and recruitment 

and training of staff to provide co-ordinated mental health services. 

• Ideally, actions to reduce stigma (negative attitudes, prejudice and discrimination) and 

self-stigma (internalisation of negative attitudes) should be developed as a priority. 

Gaps in knowledge 

• It is difficult to separate the effects of primary and secondary stressors on health. 

Additionally, although significant associations have been seen between relocation and 

a range of health effects, some results were inconclusive or conflicting. Further 

research, using prospective studies where possible, could help address these issues 

and fully understand the health risks. 

• In particular, further research into vulnerability to mental health issues following a 

radiation emergency would help understand the risks. 

• Study of the decision processes employed when deciding whether or not to evacuate 

hospitals and nursing homes would improve outcomes. 

• There are areas where little or no evidence has been found in the literature to date 

and further investigation may be required. These include psychological effects in 

hospital or nursing home residents following evacuation or relocation; sheltering-in-

place for vulnerable groups, particularly physical effects in children and psychological 

effects in hospital or nursing home residents or in adults with additional needs. 

However, this does not indicate a definite lack of health impacts, and a fully 

systematic review is recommended to establish a definitive position. 

• Research into the types of support that can reduce impacts on people with physical 

disabilities could improve their prognosis in evacuation centres and other temporary 

accommodation. 
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8 Glossary of terms 

Term or abbreviation Definition 

Anxiety disorder Anxiety is a feeling of unease, worry or fear which, when persistent and impacting 

on daily life may be a sign of an anxiety disorder (Mental Health Foundation 

https://www.mentalhealth.org.uk/a-to-z/a/anxiety). Generalised Anxiety Disorder 

and Post-Traumatic Stress Disorder are two common types of anxiety disorder. 

Anxiety disorders can cause both psychological (mental) and physical symptoms. 

BMI Body Mass Index (BMI) is calculated as an adult’s weight (in kilograms) divided by 

the square of their height (in metres) and is a measure of whether they are a 

healthy weight for their height. 

Depression Depression is a common mental health problem that causes people to experience 

low mood, loss of interest or pleasure, feelings of guilt or low self-worth, disturbed 

sleep or appetite, low energy, and poor concentration (Mental Health Foundation, 

https://www.mentalhealth.org.uk/a-to-z/d/depression) Depression can last for 

weeks or months, with psychological and physical symptoms. 

Detailed Emergency 

Planning Zone (DEPZ) 

A detailed emergency planning zone is a defined zone around premises where it is 

proportionate to pre-define protective actions which would be implemented without 

delay (eg within a few hours) to mitigate the most likely consequences of a 

radiation emergency. The protective action taken should provide prompt protection 

to those who may be affected, maximising effectiveness which would be reduced if 

time was taken to consider and implement appropriate action. (Health and Safety 

Executive, 2020) 

Deterministic effects Deterministic (health) effects are direct tissue damage, for example radiation 

burns, radiation sickness, cataracts, hair loss, sterility and the potential for 

fatalities, that occur if radiation exposure is sufficiently high, above a threshold 

dose. The threshold dose is usually defined as the dose above which signs and 

symptoms of the effect on a specific organ or tissue can be detected. Both the 

incidence and the severity increase with increasing dose above the threshold dose. 

Disaster related death 

(DRD) 

Death not directly attributed to the primary stressor (eg radiation) but from related 

causes, eg deaths caused by the deterioration of underlying medical problems due 

to poor medical access or illnesses arising from poor living environments, such as 

temporary shelters, in a disaster. 

Displaced population Displaced population refers to a group forced to leave their homes, usually due to 

a sudden event, such as war, a natural disaster (eg earthquake or flood) or a 

technological disaster (eg radiation accident). There is usually an intention to 

return home. (https://www.ifrc.org/en/what-we-do/disaster-management/about-

disasters/definition-of-hazard/displaced-populations/) 

Dyslipidemia An imbalance of fats (lipids) circulating in the blood stream which increases the risk 

of heart disease, heart attack, and stroke. Levels of triglycerides and low-density- 

lipoproteins (LDLs, “bad” cholesterol) tend to be higher, while high-density 

lipoproteins (HDLs, “good” cholesterol) levels tend to be lower. 

Hypertension Also known as high blood pressure, this is a health condition in which the blood 

pressure in the arteries is persistently elevated. Long-term high blood pressure is a 

major risk factor for cardiovascular disease, stroke, vision loss, chronic kidney 

disease and dementia. 

Polycythaemia A medical condition with an increased volume percentage of red blood cells in the 

blood, either due to an increase in the number of red blood cells, or a decrease in 

the volume of blood plasma. 

Post-traumatic stress 

disorder (PTSD) 

A type of anxiety disorder that can develop after exposure to extremely stressful 

and traumatising events including severe accidents, sudden destruction of home or 

community, or harm to close relatives or friends. Feelings of distress may be 

severe and negatively affect an individual’s quality of life. (Mental health 

Foundation, https://www.mentalhealth.org.uk/a-to-z/p/post-traumatic-stress-

disorder-ptsd) Symptoms are generally long-term, lasting for at least a month after 

the event. A person with PTSD is at a higher risk for suicide and intentional self-

harm. 

Psychological impact Psychological refers to things affecting to the mind, mental activity, or emotional 

state of a person. Psychological impacts therefore are those that affect the mental, 

rather than physical health. 

https://www.mentalhealth.org.uk/a-to-z/a/anxiety
https://www.mentalhealth.org.uk/a-to-z/d/depression
https://www.ifrc.org/en/what-we-do/disaster-management/about-disasters/definition-of-hazard/displaced-populations/
https://www.ifrc.org/en/what-we-do/disaster-management/about-disasters/definition-of-hazard/displaced-populations/
https://www.mentalhealth.org.uk/a-to-z/p/post-traumatic-stress-disorder-ptsd
https://www.mentalhealth.org.uk/a-to-z/p/post-traumatic-stress-disorder-ptsd
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Term or abbreviation Definition 

Psychosocial Psychosocial refers to a combination of psychological and social aspects, related 

to impacts on mental health and/or social factors such as housing, education, 

health care or income, that impact on health 

(https://www.cdc.gov/socialdeterminants/) 

Stigma, self stigma Stigma is a negative association applied to a person or group who have had a 

specific disease or based on certain characteristics. People can be stereotyped 

and discriminated against because of a perceived link with disease or ill-health. 

(WHO, 2020) 

Self-stigma is awareness and internalisation of stigma. Self-stigma can cause 

feelings of shame and guilt often come with self-stigma, which can cause negative 

consequences, such as reduced self-esteem in an individual (Mental Health 

Foundation of New Zealand, 

https://www.mentalhealth.org.nz/assets/ResourceFinder/individual-self-stigma-

resource-card-4.pdf) 

Stochastic effects Radiation exposures below those capable of causing deterministic effects may 

lead to an increased risk of health problems, such as cancer incidence, in the 

future. These are known as stochastic (health) effects and are chance events that 

are assumed to have no threshold. The probability of the effect increases with 

dose. With low doses of radiation, the increase in risk is likely to be very small and 

in practice may only be detectable using statistical methods. The severity of the 

effect is independent of the dose received. 

Vulnerable populations Specific groups with characteristics that distinguish them from the general 

population, and that make protective actions particularly difficult or hazardous, 

requiring separate consideration from the general population. Vulnerable 

populations may be more sensitive to changes in their living environment and to 

psychological burdens after a disaster, compared to the general population. 

Examples include hospital patients, residents of institutional settings such as 

nursing homes, children, the elderly, or adults who live independently but have 

particular medical or care needs. 
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