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Abstract

Introduction—We described associations between the type of disaster experience and change in 

instrumental activities of daily living among older adult survivors before-after a terrible disaster.

Methods—The study took advantage of a “natural experiment” afforded by the Japan 

Gerontological Evaluation Study (JAGES), a nationwide cohort study established in 2010, seven 

months prior to the earthquake and tsunami. A follow-up survey was conducted in 2013. This 

study was conducted in Iwanuma, which was directly struck by tsunami. Our sample comprised 

community-dwelling aged survivors in Iwanuma who responded to questions about personal 

circumstances and functional status both before and after the disaster(N=3,547). Personal 

experiences of earthquake and tsunami damage was used as an exposure variable. The outcome 

was changes in self-reported 13-item instrumental activities of daily living (IADL), which was 

assessed both before and after the disaster.

Results—Among the participants, 931 reported losing family member(s) to the disaster, while a 

further 549 reported losing friend(s). More than half of the participants reported any damage to 

their houses while approximately 1 in 8 lost their car(s). The multivariable OLS regression 

revealed that complete house loss and disruption of internal medicine were associated with 

significantly worse IADL: -0.67 points (95%CI: -0.99, -0.34) for entirely destroyed homes; -0.40 

points (95% CI: -0.71, -0.092) for disruption of internal medicine. By contrast, loss of family/
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friends/pets/cars and disruption to the other medical service were not associated with decline in 

IADL.

Conclusion—Complete house loss and disruption of access to internal medicine after a disaster 

were associated with significant adverse impact on decline in physical and cognitive functions 2.5 

years after the disaster, while loss of family/friends was not.
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Introduction

In contrast to the wealth of evidence on the lingering mental health effects (e.g. PTSD) of 

exposure to natural disaster (Davidson & McFarlane, 2006), much less is understood about 

the residual physical health effects of disaster, particularly in the elderly. On the March 11, 

2011 earthquake/tsunami that stuck northeastern Japan, roughly one-quarter of residents in 

the affected zones were over the age of 65 years. Given this demographic profile, we sought 

to document the lingering impacts of the disaster on functional declines among the elderly.

In fact, ecological studies reported increased disability prevalence among older people in the 

affected areas during one year and 3 years after the disaster. (Tomata et al., 2014; Tomata et 

al., 2015) The maintenance of functional independence with aging is influenced by a set of 

well characterized factors, including: a) physical activity vs. inactivity, b) social engagement 

vs. isolation, c) active vs. passive coping, and d) health services utilization vs. unmet 

medical needs.(Berkman, 2003) We hypothesized that older survivors are particularly 

vulnerable to the impacts of the earthquake/tsunami because many of them were relocated to 

temporary housing following the destruction of their property. In turn, the residential 

relocation disrupted their access to health services as well as their patterns of social 

interaction with their neighbors.

To our knowledge, no previous studies have examined what factors affect physical 

functioning declines among older survivors, while considering information about their 

mobility status pre-dating the disaster. In the absence of pre-disaster information, it can be 

difficult to causally attribute differences in functional capacity to the impacts of disaster 

experience. For example, even if we find a higher prevalence of functional limitations among 

people who experienced destruction of their property (compared to those who escaped such 

damage), we cannot exclude the possibility that these differences preceded the disaster. 

Hence we need studies with information pre-dating the event to clarify the causal 

relationship between disaster exposure and health impacts.

In the present study we took advantage of a unique “natural experiment”(Craig et al., 2012), 

afforded by the ongoing Japan Gerontological Evaluation Study (JAGES), a nationwide 

cohort of older community-dwelling adults which was established in 2010 – seven months 

prior to the March 11 event -- to examine prospectively the determinants of healthy aging.

(Fujiwara et al., 2014; Kondo, 2010) By chance, one of the field sites of the cohort was 

located in Iwanuma city, Miyagi Prefecture, roughly 80 km the west of the epicenter of the 
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2011 Earthquake and Tsunami. This unique design allowed us to conduct a follow-up study 

of survivors three years after the disaster.

Methods

Data Sources and Participants

We utilized two surveys waves of the JAGES cohort conducted in 2010 (baseline) and in 

2013 (in the aftermath of the East Japan Earthquake). The study profile has been previously 

described in detail. (Hikichi et al., 2016; Tsuboya et al., 2016) The East Japan Earthquake 

and Tsunami struck on March 11th, 2011. Iwanuma city, the field site for the present study, 

is a coastal municipality in Miyagi prefecture in Japan, located approximately 80 km west of 

the epicenter of the 3.11 earthquake. A total of 187 people lost their lives or were reported 

missing in Iwanuma, while 48% of the land mass was inundated by the tsunami. (see Figure 

1) (Ishigaki et al., 2013)

The baseline survey was completed in August 2010, seven months prior to the earthquake. A 

census was conducted on every resident of Iwanuma aged 65 years or older (n= 8,576), 

inviting them to participate in the JAGES cohort study. The mailed survey inquired about 

their health status, health behaviors, as well as a 13-item inventory of their Instrumental 

activities of daily living (IADL). The response rate to the initial invitation was 59.0% 

(5,058/8,576), which is somewhat higher than the average among comparable community 

surveys of this type. (Santos-Eggimann et al., 2009; Sinclair et al., 2012; WD, 2013) Out of 

the 5,058 respondents, we excluded 101 due to missing sex or age, resulting in 4,957 valid 

responses to the baseline survey. Out of the 4,957 baseline respondents, a further 577 

individuals were excluded at the follow-up survey because of the following reasons: death 

by the disaster (n = 34), death by other causes (n = 400), moved out (n = 92), address 

unknown (n = 17), too sick to be conducted (n = 34).

Approximately 2.5 years after the earthquake and tsunami, we mailed a follow-up survey to 

all eligible survivors between Oct 2013 and Jan 2014. The follow-up survey inquired about 

personal experiences of the disaster, such as property damage/loss as well as the loss of 

loved ones. Trained survey teams then visited all the households to collect the completed 

surveys. Informed consent was obtained at the time of survey collection. The response rate 

to the 2013 follow-up survey was 82.1% (3,594/4,380) among the eligible participants. From 

the 3,594 respondents, we excluded 27 due to invalid consent form, resulting in 3,567 

participants at the follow-up survey. We also excluded 20 participants who were missing 7 or 

more items on the 13-item IADL questionnaire, resulting in a final analytic sample of 3,547. 

A detailed flow chart of the participant selection is presented in Figure 2 (participants flow).

Dependent Variable: Instrumental Activities of Daily Living (IADL)

Instrumental activities of daily living (IADL) consist of physical and cognitive activities that 

people perform in daily life such as cooking, driving, using the telephone or computer, 

shopping, keeping track of finances, managing their medication and so on. In the present 

study, IADL was measured by a 13-item self-reported battery, which has been validated in a 

previous study. (Koyano et al., 1991) Respondents check ‘yes’(1) or ‘no’(0) to each item. 
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The total score is the sum total of 13-items, with higher score indicating higher ability to 

perform these instrumental activities of daily living. Among the eligible 3,547 participants, 

we imputed the overall score for 367 (10.3%) respondents who were missing up to six items 

on the IADL score, based upon the average of the available items. The dependent variable in 

our analysis was the difference in IADL score between baseline (2010) and follow-up 

(2013), i.e. subtracting the IADL score (2010) from IADL score (2013). For example, if the 

value of the change score is negative, the functional status of that individual deteriorated 

between 2010 and 2013. Averages and standards deviation of IADL scores are also shown in 

Table 1.

Independent Variable: Disaster experiences

On the follow-up survey we inquired about the following experiences of the earthquake and 

tsunami: 1) loss of family/friends, 2) loss of pets, 3) loss of property (housing and cars), 4) 

loss of employment, and 5) disruption in access to medical care.

1) Loss of family or friends—Loss of family or friends due to the disaster was assessed 

by the following question. “Did you lose a close relative or friend in the earthquake?” 
Potential responses ranged from “1. Close relative, 2. Close friend, 3. No”.

2) Loss of pets—Loss of family or friends due to the disaster was assessed by the 

following question. “Did you lose a dog, cat, or other pet in the earthquake?” Potential 

responses ranged from “1. Dog, 2. Cat, 3. Other pet, 4. No, 5. I did not have a pet”. Previous 

studies reported that owing dogs is positively associated with habitual exercising, which 

would affect IADL. (Christian et al., 2013; Levine et al., 2013)

3) Loss of property (housing and cars)—Damage/loss of property due to the disaster 

was assessed by the following question. “How badly was your residence damaged in the 
earthquake?” Potential responses ranged from “1. Completely destroyed, 2. Mostly 
destroyed, 3. Half destroyed, 4. Partially destroyed, 5. No damage”. The five response 

categories are based on official designations determined by the local government for the 

purposes of compensation. Loss of cars due to the disaster was assessed by the following 

question. “Did you lose your car in the earthquake?” Potential responses ranged from “1. 
Yes, 2. No, 3. I did not have car(s) when the disaster happened” In the analysis, we 

dichotomized the answers: Yes, or the others. In the area, people in general need cars to go 

to grocery stores.

4) Loss of employment—Loss of employment due to the disaster was assessed by the 

following question. “Did your job conditions change after the earthquake?” Potential 

responses ranged from “1. I lost my job, but it was later reinstated, 2. I lost my job, and do 
not currently work, 3. I did not work prior to the earthquake, 4. I work in the same job as I 
did prior to the earthquake, 5. I started a new job”. In the analysis, we dichotomized the 

answers: we regarded “1 and 2” as those who lost their job due to the disaster.

5) Disruption in access to medical care—Disruption in access to medical care was 

assessed by the following question. For which types of services did you experience 
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interruption of care? Check all that apply.” Potential responses ranged from “1. Dentistry, 2. 
Internal medicine, 3. Orthopedics, 4. Ophthalmology, 5. Psychiatry, 6. Other”.

Covariates

The surveys also gathered information on socio-demographic characteristics (sex, age, 

marital status, years of education, income), self-rated health, body mass index (BMI), 

smoking and drinking habits, history of diseases, as well as frequency of informal 

socializing with neighbors. Descriptive information about respondents is summarized in 

Table 1 and Table 2. These demographic characteristics and IADL score in 2010 were 

adjusted in the multivariable model in Table 3.

Statistical Analysis

We used OLS regression to examine the association between experiences of the disaster and 

change in IADL scores. Change in IADL score was modeled as a continuous variable. The 

multivariate adjusted results were expressed as non-standardized coefficients with 95% 

confidence intervals (CI) in Table 3. Many respondents suffered from more than one type of 

disaster experience. We therefore mutually controlled for different categories of disaster 

experience in Table 3. The significant adverse experiences in the disaster (housing damage, 

job loss, interruption of medical care) were adjusted in the same model (Supplementary 

Table 1). In Table 4, we have repeated the analyses after dividing the IADL into 3 categories 

(1: instrumental IADL, 2: intellectual IADL, 3: social IADL) and treating the three sub-

scales as separate outcomes. All analyses were performed with SAS version 9.4 statistical 

software (SAS Institute Inc, Cary, North Carolina). We defined significance as a 2-sided P 

value <.05.

Results

Among the participants, 931(26.2%) reported losing family member(s), and 549(15.5%) 

losing friend(s). More than half of the participants reported some extent of housing damage, 

while approximately 1 in 8 (12.7%) lost their car(s). Compared with the human and property 

loss, the number of those who lost their job(s) was relatively small: 186 (5.1%). One 

hundred sixty one (4.5%) participants reported disruption in access to internal medicine. 

Mean (SD) of IADL scores were 11.6 (2.3) at baseline (2010, pre-disaster) and 10.9 (3.0) at 

follow-up (2013).

Table 2 shows the average (unadjusted) change in IADL score between waves. The changes 

by the disaster damages were -1.24 points for ”entirely destroyed” of housing ; -0.62 points 

for ”have lost jobs”; -1.23 points for disruption of access to internal medicine.

Table 3 shows the multivariate adjusted associations between each type of disaster damage 

and change in IADL score. In these models, house loss was significantly associated with 

worsening IADL scores: -0.67 (95%CI: -0.99, -0.34, p<.0001) for total housing loss in 

comparison to those whose houses were not affected at all. Losing jobs due to the disaster 

was also significantly associated with worsening IADL scores: -0.36 (95%CI: -0.72, -0.01, 

p=0.045) in comparison to those who had been working before and after the disaster. 

Besides, disruption of access to internal medicine after the disaster was also significantly 
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associated with worsening IADL: -0.40 points (95%CI: -0.71, -0.092, p=0.011) in 

comparison to those who did not experience the disruption. The size of these coefficients can 

be compared to the average impact of a year of age in this sample (-0.11); effect of complete 

house loss on IADL (-0.67) was comparable to that from ageing by 6 years. By contrast, the 

other kinds of damage/loss were not associated with IADL: loss of family members or 

friends, loss of dogs/cats/other pets, loss of cars, or disruption of access to medical service 

other than internal medicine were not significantly associated with worsening IADL.

Table 4 shows that housing damage was associated with decline in instrumental & 

intellectual IADL, but not decline in social IADL. Disruption in access to internal medicine 

was associated with decline in instrumental IADL. On the other hand, loss of family or 

friends was associated with increased (not decreased) social IADL.

Discussions

To our knowledge, this is the first study to utilize pre-disaster information to examine the 

impact of disaster exposure on functional status in a community-dwelling sample of older 

adults. We found that loss of housing and disruption in access to internal medicine predicts 

worsening of functional status among elderly survivors up to three years after the disaster. 

Specifically, housing damage was associated with decline in instrumental & intellectual 

IADL. Unexpectedly, we found that experiencing the loss of loved ones were not associated 

with change in functional status.

To our knowledge, no studies have examined the long-term impact of disaster damage on 

physical and cognitive function. Our present study is consistent previous reports about the 

adverse mental health impacts of property damage and job loss; but no previous reports were 

found on functional status. The present study is consistent with the ecological data (Tomata 

et al.,2015) reporting increased disability prevalence in the affected areas, and provides a 

possible mechanism for explaining the increase. The present finding also agrees with the 

report that cognitive ability among survivors in the affected areas declined more than people 

in non-affected areas. (Ishiki et al., 2016)

Our study was unique in that we followed the participants for about 2.5 years. Most studies 

on survivors after natural disasters have been conducted up to one year or so following the 

experience of disaster. One notable exception was the study by Arnberg et al. following the 

2,204 Indian Ocean tsunami. (Arnberg et al., 2015) They reported that exposure of tsunami 

was associated with an increased risk of severe psychopathology among victims up to 5 

years after the disaster independently of previous psychiatric morbidity. (Arnberg et al., 

2015) However, we are not aware of studies that have focused on functional limitations 

among elderly survivors.

To our surprise, loss of family/friends was not associated with decline of IADL. In general, 

the loss of a loved one is associated with an increased risk of excess mortality in the short 

term – as in the “widowhood” effect. (Moon et al., 2011) Because our follow-up survey only 

included individuals who were alive at both waves, it is possible that we missed individuals 

who died as a result of a grief reaction in the immediate aftermath of the disaster.
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A major strength of our study is the availability of information on physical and cognitive 

ability pre-dating the disaster. To our knowledge, only one previous study by Fergusson et 

al. has incorporated pre-disaster information. (Fergusson et al., 2014) In that study, the 

authors could take advantage of an ongoing birth cohort in Christchurch, New Zealand, 

which was struck by a major earthquake in the Canterbury Region in New Zealand's South 

Island. The outcome in that study was mental health, and as far as we know, there are no 

studies that focused on the impacts of disaster experience on physical and cognitive 

functioning.

The effect sizes for IADL decline following disruption in access to internal medicine and 

destruction of houses are both statistically and clinically meaningful. The magnitude of the 

changes in IADL scores was roughly equivalent to the impact of ageing by 4-6 years (Table 

3). We also have reported that disruption of access to psychiatry after disasters was 

significantly associated with worsening of depressive symptoms. (Tsuboya et al., 2016) 

Disruption of access to medical service after disasters might worse not only mental function, 

but also physical and cognitive function for a few years among older survivors.

A possible mechanism for the association between disaster experience and decline of IADL 

is the disruptions in medical care access as well as social engagement caused by residential 

relocation. A mechanism between decline in IADL and the disruption of internal medicine 

care could be explained by, for example, an exacerbation of comorbid conditions due to 

interruptions in prescription medication (e.g. diabetes or cardiovascular disease). Aoki et al., 

reported that heart failure as well as stroke and pneumonia increased significantly during the 

months following the disaster. (Aoki et al., 2012) This implies that special medical services, 

such as mobile medical team including physicians and pharmacists with medical essential 

drugs, should be a priority in the aftermath of disasters, and may be effective in alleviating 

the burden of decline in physical and cognitive problems following disasters. The connection 

between housing loss and decline in IADL could be explained by, for example, deterioration 

in cognitive, physical or mental ability among the participants due to relocation after the 

disaster.

Limitations

There are a number of limitations in the current study. First, both experiences of disaster 

damage and IADL scores were based on self-reported information, and therefore, potentially 

subject to common method bias. (Podsakoff et al., 2003) In fact, we found attenuated 

coefficients when we repeated the main analysis with survivors with baseline GDS (geriatric 

depression scale) scores below 5. For example, the association “completely destroyed” 

housing and change in IADL score was attenuated from -0.67 (p<.001) in the full sample to 

-0.44 (p=.03) in the sub-sample who were not depressed at baseline (data not shown). On the 

other hand, the baseline reports of IADL functioning could not have been influenced by the 

exposure (disaster experience), since – by definition – our assessments were obtained seven 

months before the event. We cannot exclude the possibility that individuals whose IADL 

decreased between survey waves were also more likely to selectively recall personal 

experiences of damage. On the other hand, the respondents' report of damage to their 

property – although self-reported – was based upon official designations made by the local 
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government assessors for the purposes of compensation. Therefore, these reports are not 

based on subjective judgement. Second, although the actual number of individuals lost to 

follow up in our sample is quite low (by international standards) (Santos-Eggimann et al., 

2009; Sinclair et al., 2012; WD, 2013), a proportion of the baseline participants (577/4,957; 

11.6 percent) were lost to follow-up, which might bias the concerned associations. Indeed, 

participants who were lost to follow-up were more likely to report lower IADL at baseline: 

average (SD) of IADL score at baseline was 7.52 (4.92) for those who were no followed, 

and 11.3 (2.62) for those who successfully followed. However, we also have confirmed 

similar results with multiple imputed dataset (N=5,048, Supplementary Table2), and 

therefore, we believe the effect of the selection bias would not be substantial. Third, we 

cannot differentiate whether the decline happened in the acute phase or in the chronic phase 

with the present data. Fourth, our results may not be generalizable to other regions, because 

of differences in the types and extent of housing damage, as well as local differences in the 

health status of affected populations. Lastly, the association between decline in IADL and 

disruption in access to internal medicine could be partly explained by reverse causation – i.e. 

survivors who experienced difficulty in accessing medical service after the disaster already 

had lower IADL function prior to the disaster. Indeed, the average pre-disaster IADL score 

among those who experienced “disruption to internal medicine” was slightly lower (average 

IADL=11.2, SD=2.6, N=161) than that among those who did not report disruption in access 

to care (average IADL=11.6, SD=2.3, N=3,386). Besides, the association might be 

overestimated because healthy persons who did not need to take medical service were 

included in reference group.

Conclusion

Loss of housing and disruption of access to internal medicine care were significantly 

associated with worsening IADL functioning approximately three years after the Great East 

Japan earthquake and tsunami. Older residents represent a vulnerable population in the 

context of disaster, and efforts to prevent functional decline in the aftermath of disaster 

should focus on the continuous provision medical services as well as the minimization of 

disruption to daily routines for displaced victims.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Few studies have examined physical and cognitive function after natural 

disasters.

• House damage seemed to result in a more lasting adverse impact on physical 

health.

• Accessing to internal medicine was associated physical and cognitive 

function.

• Loss of loved ones was not associated with physical and cognitive functions.

• Monitoring of survivors is needed even up to 3 years after natural disasters.
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Figure 1. 
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Figure 2. 
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Table 3
Multivariable Adjusted Association of Each Disaster Damage with Change in 
Instrumental Activities of Daily Living (IADL) Scores among the Survivors from the 
Disaster in Japan (N=3,547)

Characteristics Coefficient SE 95%CI p-value

Age (continuous) -0.11 0.006 -0.12, -0.10 <.0001

Loss of family and friends

 No loss reference

 Loss of family members 0.07 0.08 -0.09 0.23 0.39

 Loss of friends 0.10 0.11 -0.11 0.31 0.37

 Both 0.19 0.16 -0.13 0.51 0.24

Loss of pet(s)

 Had no pets 0.09 0.08 -0.07 0.25 0.27

 No pet loss reference

 Lost dog(s) -0.17 0.24 -0.64 0.30 0.49

 Lost cat(s) -0.42 0.28 -0.97 0.13 0.13

 Lost other pets -0.34 0.47 -1.25 0.58 0.47

House damage

 Entirely destroyed -0.67 0.17 -0.99 -0.34 <.0001

 Largely destroyed -0.26 0.18 -0.61 0.09 0.15

 Half destroyed -0.11 0.13 -0.37 0.15 0.40

 Partly destroyed -0.05 0.07 -0.19 0.09 0.48

 No damage reference

Car damage

 Lost cars -0.18 0.10 -0.37 0.02 0.08

 Did not have cars at that time 0.12 0.11 -0.09 0.34 0.25

 No damage of cars reference

Job loss

 Lost jobs, but have restarted the same job 0.23 0.28 -0.31 0.77 0.40

 Have lost jobs -0.36 0.18 -0.72 -0.01 0.045

 Have not been working -0.28 0.09 -0.46 -0.11 0.0016

 Have been working reference

 Have started a new job after the disaster -0.29 0.38 -1.03 0.45 0.44

Disruption of access to medical service

 Dentistry 0.22 0.23 -0.23, 0.67 0.35

 Internal Medicine -0.40 0.16 -0.71, -0.092 0.011

 Orthopedics 0.027 0.21 -0.39, 0.44 0.90

 Ophthalmology -0.10 0.23 -0.55, 0.35 0.65

 Psychiatry -0.71 0.45 -1.60, 0.18 0.12

 Either -0.13 0.11 -0.36, 0.090 0.24

Note. Instrumental Activities of Daily Living (IADL). SE: standard error.
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a
Age, sex, marital status, educational attainment, income, self-rated health, BMI, smoking status, drinking status, history of diseases, frequency of 

informal socializing with neighbors and IADL score in 2010 were adjusted in the multivariable analysis.

b
Other types of disaster damage were not simultaneously included in the same model.
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