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Social isolation is frequently observed among survivors of disaster.  However, there is limited evidence 
regarding the association between social isolation and adverse health outcomes among survivors of 
disaster.  The purpose of this study was to investigate the association between social isolation and the risk 
of incident functional disability (IFD) among survivors of the 2011 Great East Japan Earthquake (GEJE).  
We conducted a prospective cohort study of 1,039 residents aged ≥ 65 years who lived in four areas 
affected by the GEJE.  Information regarding social isolation and other lifestyle factors was collected 
between June and November 2011 via a self-reported questionnaire.   Social isolation was assessed using 
the Lubben Social Network Scale-6 (LSNS-6).   Data regarding the incidence of functional disability were 
retrieved from the Long-term Care Insurance database.  The Cox model was used to calculate multivariate 
hazard ratios (HRs) and 95% confidence intervals (CIs) for IFD.  During 7,030 person-years of follow-up, 
300 cases of IFD were certified (42.7disability events per 1,000 person-years).  Social isolation was 
associated with increased risk of IFD in disaster survivors (HR = 1.32, 95% CI = 0.98-1.76).  In addition, 
this association tended to be more remarkable among men and those whose houses were completely/
seriously damaged.   The present results suggest us that it would be possible to identify those who are 
more likely to be affected by social isolation after disaster.  This finding would be useful in screening and 
supporting high risk group right after the occurrence of disaster.
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isolation
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Introduction
Social isolation is frequently observed among survi-

vors of disaster, for the reasons of loss of family and 
friends, and relocation from their accustomed place of resi-
dence (Riad and Norris 1996; Teasdale et al. 2013; Inoue et 
al. 2014; Sekiguchi et al. 2019).

Epidemiological evidence suggests that social isola-
tion is associated with adverse health outcomes such as cor-
onary heart disease, stroke, depression, dementia, and mor-
tality in older adults (Holt-Lunstad et al. 2015; Valtorta et 
al. 2016; Yamada and Arai 2018; Sutin et al. 2020; Lee et 
al. 2021).  A meta-analysis of longitudinal observational 
studies has reported that social isolation was associated 

with a 29% increase in the risk of heart disease and a 32% 
increase in the risk of stroke (Valtorta et al. 2016).  A study 
from the UK reported that loneliness was responsible for 
11%-18% of depression symptoms in their participants (Lee 
et al. 2021).  The results of the Health and Retirement Study 
showed that social isolation was associated with an increase 
in the risk of dementia of approximately 50% (Sutin et al. 
2020).  A meta-analysis of 70 studies conducted among the 
general population concluded that loneliness and social iso-
lation are well-established risk factors for mortality (Holt-
Lunstad et al. 2015).   Functional disability has been 
defined as acquired difficulty in performing basic everyday 
tasks or more complex tasks needed for independent living 
(Rodrigues et al. 2009).  In Japan, nationally uniform crite-
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ria of functional disability among the elderly are set by the 
Long-term Care Insurance (LTCI) system, and these criteria 
are commonly used by Japanese researchers for defining 
functional disability in large-scale epidemiological studies 
(Zhang et al. 2016; Saito et al. 2022; Shimizu et al. 2023).

Social isolation may also have the effect of increased 
risk of functional disability, as was found in a study from 
China that reported a positive relation between social isola-
tion and functional disability among women (Guo et al. 
2021).   

There is limited evidence regarding the association 
between social isolation and adverse health outcomes 
among survivors of the Great East Japan Earthquake 
(GEJE).  A cohort study has reported an increased risk of 
mortality in elderly survivors who were socially isolated 
(Kotozaki et al. 2021); whereas another study has reported 
that among survivors aged 65 years or older when the 2011 
GEJE occurred, socially isolated subjects were more likely 
to have psychological distress (Sone et al. 2016) that was 
associated with an increased risk of functional disability 
(Tanji et al. 2017).   

Although the prevalence of disability among the 
elderly in disaster-stricken areas increased after the GEJE 
(Tomata et al. 2014, 2015), the association between social 
isolation and risk of functional disability among survivors 
after disasters has never been investigated.

The purpose of the present study was to examine the 
association between social isolation and the risk of func-
tional disability among elderly survivors, and to examine 
the hypothesis that the prevalence in disability after the 
GEJE can be partly attributed to social isolation.  We would 
further attempt to elucidate the characteristics of those who 
are more likely to be affected by social isolation.  The find-
ings could help explain the increase in the prevalence of 
disability after GEJE and promote better planning for dis-
ability prevention after disaster.  

Methods
Study design and participants

The design of this cohort study is described in detail 
elsewhere (Sone et al. 2016; Tanji et al. 2017).  Baseline 
health examinations and questionnaires were completed 
between June and November 2011.  The study participants 
were residents aged ≥ 18 years who were included in the 
Residential Registry for Ogatsu, Oshika, and Ajishima, of 
Ishinomaki City, Miyagi Prefecture, and whose houses were 
largely or totally destroyed by the earthquake and tsunami 
in Shichigahama Town, Miyagi Prefecture.  Written con-
sent, along with a survey form, were obtained from partici-
pants both for participation in the study and confirmation of 
LTCI certification information for the study.  The research 
protocol was reviewed and approved by the Ethics 
Committee of the Tohoku University Graduate School of 
Medicine (2011-92, 2017-1-069).  

Of the 8,317 subjects, 3,466 (41.7%) participated in 
the baseline physical examination and questionnaire survey 

(between June and November 2011).  Of the participants, 
1,400 were aged ≥ 65 years.  For this study, we excluded 
198 participants who did not provide written consent for 
review of their LTCI information, 109 who had already 
received a disability rating from LTCI, 52 who had not 
completed the Lubben Social Network Scale-6 (LSNS-6), 
and 2 who had moved out of the study area.  Therefore, the 
total number of participants in the present analysis was 
1,039 (Fig. 1).

Measurements
The questionnaire included items regarding age at 

baseline survey, sex, house damage, region of residence, 
type of residence, self-rated health, subjective economic 
status, social network (Lubben et al. 2006; Kurimoto et al. 
2011), smoking status, alcohol consumption, time spent 
walking, frequency of going out, and psychological distress 
(Kessler et al. 2002; Furukawa et al. 2008), current medical 
history (cancer, stroke, myocardial infarction, and kidney 
disease), and body pain (low back pain, limb arthralgia).

The main exposure was social isolation which was 
evaluated using the LSNS-6 (Lubben et al. 2006) which 
comprises six items related to social connections (three 
questions related to family ties and three questions related 
to friendship ties), and it is used worldwide as a screening 
tool for social isolation in elderly individuals.  Each item is 
rated on a 6-point Likert scale; LSNS-6 scores ranged from 
0 to 30.  The reliability and validity of the Japanese version 
have been confirmed and social isolation was defined as a 
score of < 12 (Kurimoto et al. 2011).  We divided the par-
ticipants into two groups: “isolated group” (LSNS-6 score 
< 12), or “non-isolated group” (LSNS-6 score ≥ 12).

Five options were used to assess house damage that 
was caused by the GEJE: (1) completely damaged (includ-
ing all outflows), (2) seriously damaged, (3) half-damaged, 
(4) partially damaged, and (5) no damage.  People whose 
houses were seriously or completely damaged were more 
likely to be relocated to other areas, thus weakening their 
relationships with their original neighbors.  We divided the 
participants into two groups, “completely/seriously dam-
aged” or “half-damaged or less.”

Psychological distress was measured using the K6 
(6-item Kessler Psychological Distress Scale), which is 
composed of six items rated from 0 to 4, with a total score 
ranging from 0 to 24 (Kessler et al. 2002; Furukawa et al. 
2008).  If the total score on the K6 is ≥ 10, the participant is 
considered to have a psychological distress.

Follow-up and incident functional disability (IFD)
Incident functional disability (IFD) was defined 

according to disability certification in the LTCI system by 
June 30, 2020, regardless of the certification level (Support 
Levels 1 or higher).  LTCI certification is used in Japan as a 
nationally uniform standard of functional disability.  LTCI 
is a mandatory form of social insurance aimed at assisting 
activities of daily living (ADL) in the frail and disabled 
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elderly (Ikegami 1997; Ministry of Health, Labour and 
Welfare, Japan 2002; Tsutsui and Muramatsu 2005; Imai et 
al. 2008).   All people aged ≥ 40 years pays as premium, 
and those aged ≥ 65 years are eligible to receive formal 
caregiving services.  When an elderly person needs assis-
tance with ADLs, they apply to the local government for 
benefits, and a care manager evaluates the degree of func-
tional disability using a questionnaire prepared by the 
Ministry of Health, Labour and Welfare.  The municipality 
then calculates the standard scores for physical and cogni-
tive disabilities based on the medical questionnaire and a 
physician’s written judgment.  The Municipal Certification 
Committee subsequently reviews the application to deter-
mine the eligibility for LTCI benefits.  When a person is 
determined to be eligible in this manner, the Municipal 
Certification Board determines one of seven levels (Support 
Levels 1 and 2 and Care Levels 1-5).  Briefly, the LTCI cer-
tification levels are defined as follows: Support Level 1: 
“limited in instrumental activities of daily living, but inde-
pendent in basic ADLs”; Care Level 2: “requires assistance 
with at least one basic ADL task”; and Care Level 5: 
“requires assistance with all ADL tasks.” Community-based 
studies have shown that LTCI certification levels correlate 
well with ability to perform activities of daily living and 
Mini-Mental State Examination scores (Arai et al. 2003).  
LTCI certification has been used in many previous studies 
as an indicator of IFD in the elderly (Tanji et al. 2017; Sone 

et al. 2021).
All participants were followed up by reviewing infor-

mation on the date of LTCI certification, death or emigra-
tion from Ishinomaki City or Shichigahama Town.  All data 
were transferred from each government under the agree-
ment related to Epidemiologic Research and Privacy 
Protection (https://www.ch-center.med.tohoku.ac.jp/report-
pdf/h24-report.pdf).   The person-years of follow-up were 
counted from the first date of the baseline survey at each 
site (Ogatsu: June 24, 2011; Oshika: August 7, 2011; 
Ajishima: September 10, 2011; Shichigahama: November 
18, 2011) until the date of IFD, emigration from any of 
these areas, death, or end of the study period (June 30, 
2020), whichever came first.  We discontinued follow-up of 
participants who had moved outside of the study municipal-
ities; because we were unable to review information regard-
ing the date of LTCI certification or the Residential Records 
from outside the study area.  In present study, 5.4% of sub-
jects were lost to follow-up.

Statistical analysis
Kaplan-Meier estimates were used to compare the pro-

portion of participants remaining free from functional dis-
ability during follow-up period between the socially iso-
lated and non-isolated groups.   

We used the multiple adjusted Cox proportional haz-
ards models to estimate the hazard ratio (HR) and 95% con-

Fig. 1.  Flow chart of the study participants.
	 LTCI, Long-term Care Insurance; LSNS-6, Lubben Social Network Scale-6; IFD, incident functional disability.
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fidence interval (CI) for IFD related to social isolation 
(LSNS-6 score < 12; isolated group), using those catego-
rized as not socially isolated (LSNS-6 score ≥ 12; non-iso-
lated group) as the reference.  Multivariate models were 
adjusted for the following variables.  Model 1 was adjusted 
for sex (male or female), age at baseline survey (continuous 
variable), study region (Ogatsu, Oshika, Ajishima, or 

Shichigahama), type of residence [the same house as that 
before the earthquake (no relocation), shelter or temporary/
rental housing, house of family member, relative or friend, 
or other], current medical history (stroke, myocardial 
infarction/angina pectoris, kidney disease, or cancer), 
smoking status (non-smoker or current smoker), alcohol 
consumption (non-drinker or current drinker), and fre-

Table 1.  Baseline characteristics according to social isolation.

Social isolation (LSNS-6 score)
p value

not socially isolated (≥ 12) socially isolated (< 12)

No. of subjects 836 203
Sex (%)

Men 44.7 50.7 0.12
Women 55.3 49.3

Age at baseline survey (SD) 74.2 ± 5.6 74.5 ± 6.2 0.61
House damage (%)

Completely/seriously damaged 60.9 65.8 0.37
Ishinomaki            31.4            37.3
Shichigahama            29.5            28.5

Half-damaged or less 39.1 34.2
Ishinomaki            39.1            34.2
Shichigahama - -

Type of residence (%)
Same house as that before the earthquake 48.0 45.5 0.75
Shelter or temporary/rental housing 34.3 33.7
House of family member, relative or friend 1.1 1.0

Current medical history (%)
Stroke 1.7 1.5 0.84
Myocardial infarction/angina pectoris 8.0 10.8 0.20
Kidney disease 1.3 1.0 0.70
Cancer 5.1 2.5 0.10

Economic status (%)
Very hard/hard 77.3 74.9 0.47
A little hard/normal 22.7 25.1

Self-rated health (%)
Very good/good 80.9 72.0 < 0.05
Poor/ very poor 19.1 28.0

Smoking (%)
Non-smoking 91.3 85.7 < 0.05
Currently smoking 8.8 14.3

Alcohol consumption (%)
Non-drinking 70.4 68.2 0.55
Currently drinking 29.6 31.8

Psychological distress (K6 score) (%)
< 10 86.4 79.2 < 0.05
≥ 10 13.6 20.8

Frequency of going out (%)
every day 43.7 36.6 < 0.05
3 days/week 26.6 20.8
≤ 1 day/week 29.7 42.6

LSNS-6, Lubben Social Network Scale-6; SD, standard deviation; K6, 6-item Kessler Psychological Distress Scale.
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quency of going out (every day, 3 days/week, or ≤ 1 day/
week).  Model 2 was further adjusted for the K6 score (< 
10, or ≥ 10) because psychological distress may affect the 
association between social isolation and IFD.  The effect of 
modification between social isolation and all confounders 
was tested through the addition of cross-product terms to 
the multivariate model.

We also conducted a sensitivity analysis to investigate 
the association between social isolation and the risk of IFD 
by changing the criteria for disability certification (Care 
Levels ≥ 2).

We also conducted stratified analyses according to sex 
(male or female), age at baseline survey (< 75 or ≥ 75 
years), house damage (completely/seriously damaged or 
half-damaged or less), self-rated health (very good/good or 
poor/very poor), smoking (non-smoker or current smoker), 
frequency of going out (≥ 3 days/week or < 3 days/week) 
and psychological distress (K6 score; < 10 or ≥ 10).   

Moreover, we examined the association between social 
isolation and IFD according to the degree of house damage 
and by sex.

All statistical analyses were performed using the SAS 

software package (version 9.4; SAS Institute, Inc., Cary, 
NC, USA).   All statistical tests were 2-sided, and differ-
ences of p < 0.05 were taken as significant.

Results
During the mean 6.8 years of follow-up (7,030 person-

years), there were 300 new certifications of disability (42.7 
disability events per 1,000 person-years), 94 subjects died 
without any certification of disability, and 56 subjects 
(5.4%) were lost to follow-up because they moved away 
from the study area.

Participant characteristics
Baseline characteristics according to each category of 

the LSNS-6 are shown in Table 1.  Among the 1,039 partic-
ipants, the mean age (SD) was 74.3 (5.8) years, 45.9% were 
men, and 203 (19.5%) were socially isolated (LSNS-6 score 
< 12).  The ratio of males to females for people aged ≥ 65 
years in our study population (45.9%/54.1%) was similar to 
that of Ishinomaki City (41.4%/58.6%) and that of Japanese 
(42.6%/57.4%).  Socially isolated participants were more 
likely to have poor self-rated health, to be current smokers, 
to report psychological distress (K6 score ≥ 10), and were 
less likely to go out every day.

Social isolation and functional disability
Kaplan-Meier analysis showed that survival without 

IFD after the GEJE was lower in the socially isolated group 
than in the non-isolated group (Fig. 2).  Table 2 shows the 
association between social isolation and the risk of IFD.  
Risk was significantly higher in the socially isolated group 
(LSNS-6 score < 12) (model 1; HR = 1.33, 95% CI = 1.00-
1.79) than in the not socially isolated group (LSNS-6 score 
≥ 12).   To consider the possibility that psychological dis-
tress at baseline might affect the association between social 
isolation and the risk of IFD, we made the model 2 in which 
K6 score was added as a covariate.  We observed the asso-
ciation between social isolation and the risk of IFD did not 

Fig. 2.  Kaplan-Meier curves for survival without incident 
functional disability by social isolation.

Table 2.  Relationships between social isolation and incident functional disability.

Social isolation (LSNS-6 score)

not socially isolated (≥ 12) socially isolated (< 12)

No. of subjects 836 203 
Person-years 5,746 1,283
No. of cases 239 61 
Model 1a (95% CI) 1.00 (ref) 1.33 (1.00-1.79)
Model 2b (95% CI) 1.00 (ref) 1.32 (0.98-1.76)

aModel 1; adjusted for sex (male, or female), age at baseline survey (continuous variable), study region (Ogatsu, Oshika, Ajishima, 
or Shichigahama), type of residence (same house as that before the earthquake, shelter or temporary/rental housing, house of family 
member, relative or friend, or others), current medical history (stroke, myocardial infarction/angina pectoris, kidney disease, or 
cancer), smoking status (non-smoking, or currently smoking), alcohol consumption (non-drinking, or currently drinking), and 
frequency of going out (every day, 3 days/week, or  ≤ 1 day/week).
bModel 2; adjusted for Model 1 plus psychological distress (K6 score ; < 10, or ≥ 10).
LSNS-6, Lubben Social Network Scale-6; CI, confidence intervals; K6, 6-item Kessler Psychological Distress Scale.
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Table 3.  Stratified analyses: the association between social isolation and incident functional disability risk.

Social isolation (LSNS-6 score)
p-interaction

not socially isolated socially isolated 

Sex
Male

No. of cases of incident disability/subjects 98/374 28/103
Model 1a (95% CI) 1.00 (ref) 1.61 (1.03-2.52)
Model 2b (95% CI) 1.00 (ref) 1.58 (1.01-2.47)

Female 0.74
No. of cases of incident disability/subjects 141/462 33/100
Model 1a (95% CI) 1.00 (ref) 1.20 (0.81-1.78)
Model 2b (95% CI) 1.00 (ref) 1.19 (0.80-1.77)

Age at baseline survey
< 75 years

No. of cases of incident disability/subjects 66/481 16/112
Model 1a (95% CI) 1.00 (ref) 1.35 (0.77-2.36)
Model 2b (95% CI) 1.00 (ref) 1.33 (0.76-2.34)

≥ 75 years 0.32
No. of cases of incident disability/subjects 173/355 45/91
Model 1a (95% CI) 1.00 (ref) 1.34 (0.96-1.88)
Model 2b (95% CI) 1.00 (ref) 1.33 (0.95-1.86)

House damage
Completely/seriously damaged 

No. of cases of incident disability/subjects 115/452 31/103
Model 1a (95% CI) 1.00 (ref) 1.62 (1.07-2.45)
Model 2b (95% CI) 1.00 (ref) 1.61 (1.06-2.43)

Half-damaged or less 0.33
No. of cases of incident disability/subjects 85/261 19/58
Model 1a (95% CI) 1.00 (ref) 1.17 (0.70-1.93)
Model 2b (95% CI) 1.00 (ref) 1.13 (0.68-1.87)

Self-rated health
Very good/good

No. of cases of incident disability/subjects 180/662 40/144
Model 1a (95% CI) 1.00 (ref) 1.08 (0.76-1.55)
Model 2b (95% CI) 1.00 (ref) 1.06 (0.74-1.51)

Poor/ very poor 0.02
No. of cases of incident disability/subjects 55/156 21/56
Model 1a (95% CI) 1.00 (ref) 2.08 (1.18-3.68)
Model 2b (95% CI) 1.00 (ref) 2.03 (1.14-3.60)

Smoking
Non-smoking

No. of cases of incident disability/subjects 216/720 54/168
Model 1a (95% CI) 1.00 (ref) 1.32 (0.97-1.79)
Model 2b (95% CI) 1.00 (ref) 1.30 (0.96-1.78)

Currently smoking 0.15
No. of cases of incident disability/subjects 9/69 1/28
Model 1a (95% CI) 1.00 (ref) 0.30 (0.03-2.60)
Model 2b (95% CI) 1.00 (ref) 0.31 (0.03-2.95)

Psychological distress (K6 score)
< 10

No. of cases of incident disability/subjects 199/696 43/156
Model 1a (95% CI) 1.00 (ref) 1.09 (0.78-1.54)
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change, although it was not significant (model 2; HR = 
1.32, 95% CI = 0.98-1.76).

The sensitivity analysis using Care Levels ≥ 2 as the 
criteria for disability confirmed the association between 
social isolation and IFD risk, although the association was 
not significant (model 1; HR = 1.42, 95% CI = 0.85-2.37, 
model 2; HR = 1.39, 95% CI = 0.83-2.32) (Supplementary 
Table S1).

Table 3 shows stratified analyses of the association 
between social isolation and the risk of IFD according to 
sex, age at baseline survey, house damage, self-rated health, 
smoking, frequency of going out, and psychological dis-
tress.  A significant association between social isolation and 
increased risk of IFD was observed among men (model 2; 
HR = 1.58, 95% CI = 1.01-2.47) but not among women 
(HR = 1.19, 95% CI = 0.80-1.77), among participants 
whose houses were completely/seriously damaged (HR = 
1.61, 95% CI = 1.06-2.43) but not among those whose 
houses were half-damaged or less (HR = 1.13, 95% CI = 
0.68-1.87), among those who had poor/very poor self-rated 
health (HR = 2.03, 95% CI = 1.14-3.60) but not among 
those had very good/good self-rated health (HR = 1.06, 
95% CI = 0.74-1.51).  Also, in the high distress group (K6 
score ≥ 10), social isolation was associated with an 84% 
increase in the risk of IFD (HR = 1.84, 95% CI = 0.96-
3.53).

Table 4 shows the association between social isolation 
and the risk of IFD according to the degree of house dam-
age and by sex.  In men, social isolation was associated 
with IFD, irrespective of the degrees of house damage 
(completely/seriously damaged; model 2; HR = 1.68, 95% 
CI = 0.89-3.21, half-damaged or less; HR = 1.45, 95% CI = 
0.72-2.95).  In women, only participants whose houses 

were completely/seriously damaged tended to be associated 
with an increased risk (HR = 1.61, 95% CI = 0.92-2.81).

Discussion
We investigated the association between social isola-

tion and the risk of IFD in elderly survivors after the GEJE 
using prospective cohort data.  The findings revealed that 
social isolation was associated with increased risk of func-
tional disability in disaster survivors.  This relation was 
more remarkable in men than women.  A Chinese study 
concerning the general population also showed that social 
isolation was significantly associated with functional status 
among women (OR = 1.18, 95% CI = 1.07-1.30), but not 
men (Guo et al. 2021).  Their results were opposite to ours.  
The reason for this inconstancy is not clear, but it could be 
attributable to the differences between the types of study 
participants: the general population in the Chinese study 
and disaster survivors in ours.  Sex differences regarding 
the impact of social isolation may differ between usual and 
post disaster situations.

In this study, we elucidated the characteristics of those 
more likely to be affected by social isolation.  Men, partici-
pants whose houses were completely/seriously damaged, 
those who had poor self-rated health, and those who had 
psychological distress tended to be more affected.  Although 
we have no data or evidence to discuss causal relationship, 
we were able to identify the high-risk group.  This finding 
would be useful in screening and supporting high risk group 
right after the occurrence of disaster.

These findings suggest the necessity of providing a 
comprehensive support program, including psycho-social 
support and disability prevention, for affected people of 
disaster whose houses have been severe damaged.

Model 2b (95% CI) 1.00 (ref) ―
≥ 10 0.12

No. of cases of incident disability/subjects 34/110 15/41
Model 1a (95% CI) 1.00 (ref) 1.84 (0.96-3.53)
Model 2b (95% CI) 1.00 (ref) ―

Frequency of going out
≥ 3 days/week

No. of cases of incident disability/subjects 140/586 32/116
Model 1a (95% CI) 1.00 (ref) 1.26 (0.84-1.91)
Model 2b (95% CI) 1.00 (ref) 1.23 (0.82-1.86)

< 3 days/week 0.33
No. of cases of incident disability/subjects 97/247 28/86
Model 1a (95% CI) 1.00 (ref) 1.22 (0.79-1.91)
Model 2b (95% CI) 1.00 (ref) 1.22 (0.78-1.90)

aModel 1; adjusted for sex (male, or female), age at baseline survey (continuous variable), study region (Ogatsu, Oshika, Ajishima, 
or Shichigahama), type of residence (same house as that before the earthquake, shelter or temporary/rental housing, house of family 
member, relative or friend, or others), current medical history (stroke, myocardial infarction/angina pectoris, kidney disease, or 
cancer), smoking status (non-smoking, or currently smoking), alcohol consumption (non-drinking, or currently drinking), and 
frequency of going out (every day, 3 days/week, or ≤ 1 day/week).
bModel 2; adjusted for Model 1 plus psychological distress (K6 score ; < 10, or ≥ 10).
LSNS-6, Lubben Social Network Scale-6; CI, confidence intervals; K6, 6-item Kessler Psychological Distress Scale.
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The present study had several strengths.  First, it is the 
only study thus far to have examined the association 
between social isolation and the risk of IFD among survi-
vors of a major disaster using prospective data.  Second, 
IFD was confirmed through LTCI certification in Japan, 
which is a nationally uniform standard of functional dis-
ability.  Third, a number of confounding factors were con-
sidered.

This study also had several limitations.  First, social 
isolation was ascertained only once, at the time of the base-
line health survey, using a self-reported questionnaire.  
Therefore, change in social isolation during the follow-up 
period is unknown.  Second, we did not take into account 
changes in participants’ lifestyle characteristics or psycho-
logical status during the follow-up period.  Third, we did 
not account for all potential confounding factors.  In 
socially isolated older adults, environmental factors that 
cause frailty (i.e., nutrition, exercise, and conversations) 
might be associated with increased risk of IFD.  Fourth, the 
causes of participants’ need for long-term care were not 
investigated.  Finally, not all persons who require long-term 
care apply for certification in the LTCI system.  In particu-
lar, those who are isolated might not apply for certification 
because they do not have anyone to help them apply, and 
the government and medical institutions cannot detect iso-
lated people.  Therefore, the results may have underesti-
mated the association between social isolation and the risk 
of IFD.

In conclusion, the present findings suggest that social 
isolation was associated with increased risk of IFD in disas-

ter survivors.  In addition, this association tended to be 
more remarkable among men and those whose houses were 
completely/seriously damaged.  The present results suggest 
us that it would be possible to identify those who are more 
likely to be affected by social isolation after disaster.  This 
finding would be useful in screening and supporting high 
risk group right after the occurrence of disaster.
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Table 4.  Relationships between social isolation and incident functional disability according house damage by sex.

Male (n = 399) Female (n = 475)
p-interaction

not socially isolated socially isolated not socially isolated socially isolated 

House damage
Completely/seriously damaged

Number of subjects 213 53 239 50 
Person-years 1,524 343 1,657 283 
No. of cases 50 13 65 18 
Model 1a (95% CI) 1.00 (ref) 1.66 (0.87-3.18) 1.00 (ref) 1.58 (0.91-2.76) 0.64
Model 2b (95% CI) 1.00 (ref) 1.68 (0.89-3.21) 1.00 (ref) 1.61 (0.92-2.81) 0.65

Half-damaged or less
Number of subjects 104 29 157 29 
Person-years 731 187 1,086 199 
No. of cases 34 11 51 8 
Model 1a (95% CI) 1.00 (ref) 1.54 (0.76-3.11) 1.00 (ref) 1.02 (0.48-2.17) 0.40
Model 2b (95% CI) 1.00 (ref) 1.45 (0.72-2.95) 1.00 (ref) 0.93 (0.43-1.98) 0.37

aModel 1; adjusted for sex (male, or female), age at baseline survey (continuous variable), study region (Ogatsu, Oshika, Ajishima, or 
Shichigahama), type of residence (same house as that before the earthquake, shelter or temporary/rental housing, house of family 
member, relative or friend, or others), current medical history (stroke, myocardial infarction/angina pectoris, kidney disease, or cancer), 
smoking status (non-smoking, or currently smoking), alcohol consumption (non-drinking, or currently drinking), and frequency of 
going out (every day, 3 days/week, or ≤ 1 day/week).
bModel 2; adjusted for Model 1 plus psychological distress (K6 score ; < 10, or ≥ 10).
CI, confidence intervals; K6, 6-item Kessler Psychological Distress Scale.
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